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Abstract 

One of the most important challenges facing species conservation is the evaluation of habitat 

requirements and suitability. This is especially the case for those species which inhabit small 

portions of their former range. In the first part of this thesis, I focus on the eastern black 

rhinoceros (Diceros bicornis michaeli) populations on three Kenyan rhino sanctuaries: Lewa 

Wildlife Conservancy, Ol Jogi Conservancy and Ol Pejeta Conservancy. I use black rhinos to 

demonstrate how species-focused research can provide insights into basic biology and 

ecology and contribute to conservation. In chapter 3, I construct a population model and 

conduct a population viability analysis of the three populations. This identifies lower 

projected long-term growth rate for the Ol Jogi population. It also suggests that juvenile 

survival and female reproductive skew are key to the dynamics of large herbivore 

populations. In chapter 4, I use genetic metabarcoding, nutrient analysis and faecal egg 

counts in the first study to characterise the diets, microbiome and nemabiome of black rhinos 

concurrently. This demonstrates the seasonal and spatial variation in diets and microbiome, 

the stability of the nemabiome, and suggests diet composition drives microbiome and 

nemabiome composition. I find evidence that herbaceous plants are potentially more 

important to black rhinos than has been previously considered, and habitat which contains 

both woody and herbaceous cover may promote good health and breeding rates. In the second 

part of this thesis, I evaluate the role of species conservation in the modern world, which 

faces a daunting task given the vast number of threatened species on Earth in the 21st century. 

In chapter 5 I discuss the One Plan Approach, which promotes the production of integrated 

species conservation plans which take advantage of all available expertise. I evaluate the 

potential benefits and objections and posit that, for zoos to make significant contributions to 

the conservation of free-living populations, they should be willing to focus on species outside 

of their collections and projects should plan to build from conserving species to protecting 

and restoring ecosystems. In chapter 6 I assess the opinions of conservation professionals and 

the interested public on the importance of wildness in large herbivore conservation. Intensive 

management of free-living populations, and not the role of zoos, may cause objections to the 

implementation of frameworks such as the One Plan Approach. Finally, in chapter 7 I show 

how conservation is in danger of having its practice altered by the expectations of nature 

which are built through hyperreal representations. Species-focused work, and non-human 

approaches, can be part of the ensuring that conservation represents the interests of all life, 

and contributes to a future where life is diverse and abundant. 
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I drafted the manuscript. Comments and recommendations for improvement were provided 

by Jake Britnell and Dr Mattthew Selinkse, a postdoctoral researcher from the RMIT 

University, Melbourne. 
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All other things, our powers, our desires, our food, are all really 

necessary for our existence in the first instance. But this rose is an 

extra. Its smell and its colour are an embellishment of life, not a 

condition of it. It is only goodness which gives extras, and so I say 

again that we have much to hope from the flowers. 

Sherlock Holmes in The Adventure of the Naval Treaty (1893) – Arthur Conan Doyle 
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Chapter 1 - Introduction 
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1.1 Species conservation in a changing world 

Biodiversity is in rapid decline globally (IPBES 2019; WWF 2020) and one in five vertebrate 

species are classed as Vulnerable, Endangered or Critically Endangered by the International 

Union for the Conservation of Nature (IUCN) (IUCN 2020). Indicators of anthropogenic 

impact on the natural world, including tropical forest loss, land modification and terrestrial 

biosphere degradation, have been increasing since the Industrial Revolution in the second 

half of the 18th century, with a ‘Great Acceleration’ of many indicators starting around 1950 

(Steffen et al. 2015). The long history of human impact on the natural world means that 

declines and range contractions of many species took place before their biology and ecology 

could be formally studied and recorded by Western science in the absence of human impacts. 

The places and contexts where conservation science has been able to study many species may 

therefore have been heavily influenced by anthropogenic activity, which can lead to 

misestimation of biology and ecology and the design of sub-optimal conservation 

programmes (Mengüllüoğlu et al. 2018; Kerley et al. 2020; Christie et al. 2020; Britnell et al. 

2021). One of the major challenges facing modern species conservation is the identification 

of optimal habitat. This work can inform where and how species should be conserved in the 

future of a natural world affected by climate change (Prober et al. 2019) and land use change 

(Powers & Jetz 2019). This thesis uses the black rhinoceros (rhino hereafter) (Diceros 

bicornis) as a model species to demonstrate how a combination of approaches can be used to 

address this challenge. The work presented includes identification of demographic 

heterogeneity, measurement of how physiological responses vary across environmental 

gradients and demonstration of how this impacts upon the fitness of individuals and 

population performance.  

1.1.1 Demographic heterogeneity and environmental gradients 

Demographic heterogeneity is the variation in survival and reproduction between individuals 

(Engen et al. 1998). These variations can be caused by differences in habitat quality (Lea et 

al. 2017), individual quality (Conner & White 1999) and stochasticity (Lande 1993). 

Variations in individual probability of mortality and fecundity add up to spatial and temporal 

disparities in population performance. Explaining these variations, and implementing 

management to increase fecundity and decrease mortality, are therefore central considerations 

for conservation. 

Species are adapted to particular environmental conditions which describe their ecological 

niche. Not all habitat within this niche will be equally suitable for a particular species, and it 
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has long been recognised that fitness will vary across environmental gradients (Merriam 

1894). It is theorised that in an ideal situation, population density of a species will be highest 

in optimal habitat, but as fitness declines with increasing population density due to density 

dependence, there will be dispersal into lower quality habitat where the density of the species 

will be lower (Kirkpatrick & Barton 1997; Eckert et al. 2008). There will be a gradient of 

fitness where it is highest in the optimal or ‘source’ habitats and lower in low quality ‘sink’ 

habitats which would not be inhabited if it were not for immigration from the source habitats 

(Pulliam 1988).  

Protected areas and refugee species 

If species are fenced into certain areas, they cannot disperse to find more suitable areas if the 

resources available are not sufficient, or some other habitat characteristic is not suitable, 

disturbing source-sink dynamics. Protected areas tend to occur in areas which are of little 

value for agriculture, rather than high concentrations of threatened vertebrates (Venter et al. 

2018). It is hypothesised that because of bias towards higher elevations, steeper slopes and 

greater distances to roads and cities (Joppa & Pfaff 2009), even species which are covered by 

the global protected area network (Rodrigues et al. 2004) may be restricted to marginal or 

sub-optimal habitat (Braunisch et al. 2008).  Even managing populations in separate 

protected areas as a metapopulation may not alleviate risks, as models have shown that even 

moderate environmental correlations between subpopulations greatly increase the extinction 

risk in the metapopulation due to environmental stochasticity (Reed 2004). 

Habitat loss, fragmentation and management interventions such as fencing can lead to 

populations being restricted to habitat in which the fitness of individuals is low. These so-

called ‘refugee species’ will have a relatively high risk of extinction due to slow population 

growth rates (Kerley et al. 2012). There is good evidence for the European bison (Bison 

bonasus), Mediterranean monk seal (Monachus monachus) and cape mountain zebra (Equus 

zebra zebra) to be classed as refugee species (Kerley et al. 2012; González 2015; Lea et al. 

2016a). Refugee species can be understood as a potential case of the shifting baseline 

syndrome (Pauly 1995) but in these cases it is spatial distribution which has changed over 

time and across generations, and not expected abundance. This may lead to counter-

productive conservation in which efforts are targeted at conserving a species in sub-optimal 

habitat where individuals have low fitness (Lea et al. 2016a). The conservation of populations 

of threatened species in habitat to which they are not adapted may be a key cause of the 

‘protected area paradox’, where declines of threatened species continue despite increases in 
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the global protected area estate. It should be noted that this is only one possible explanation 

of this paradox, and it may be caused by other factors including extinction debts, which can 

manifest as slow but continuous declines even in well-protected areas (Kuussaari et al. 2009).  

1.1.2 Modelling population performance 

When studying the causes of variation in individual and population-level performance, the 

variation itself must first be identified and described. Understanding population dynamics 

and assessing the viability of populations is key to conservation (Soulé 1987). A population 

model uses vital rates, normally age- or size-specific fecundity and mortality rates, to study 

population dynamics. Once a population model has been constructed, it can be used to 

conduct a population viability analysis (PVA) to assess the risk of extinction faced by a 

population over a particular period of time (Boyce 1992; White 2000) and evaluate the 

impact of particular vital rates on population growth (Grant & Benton 2000). PVAs do not 

just rely on deterministic processes such as vital rates, but can incorporate stochasticity, 

including demographic, environmental and genetic variation (White 2000). They can also 

include density dependence (Henle et al. 2004), individual variation (Melbourne & Hastings 

2008), human impacts such as hunting (Horev et al. 2012) and conservation management 

(Fantle-Lepczyk et al. 2018). 

1.1.3 Identifying poor habitat and causes of demographic heterogeneity 

Once demographic heterogeneity has been identified, using population modelling or other 

methodologies, hypotheses of the factors that are causing this variation can be tested to allow 

for more effective conservation planning. Conservation physiology is the use of physiological 

methods to answer conservation questions (Cooke & O’Connor 2010). This field, and the 

methods which it utilises, can provide a mechanistic understanding of what causes population 

declines and other conservation problems (Stevenson 2005). It attempts to show how changes 

in physiology affect, and indicate variation in, the abundance, distribution and fitness of 

organisms, populations, species and ecosystems (Helmuth 2009). A key part of this work is 

the identification of ‘biomarkers’, biological characteristics which can be used to identify a 

particular positive or negative process or state, including malnutrition or disease. This thesis 

tests the hypothesis that variations in diet and gut health are at least partly responsible for 

variations in black rhino mortality and fecundity. 
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Diet and gut health 

An obviously vital part of habitat suitability is the availability of a suitable diet. Ensuring that 

free-living populations have access to sufficient dietary resources is an important part of 

conservation biology. Species can be very flexible in the diets which they consume (Chaves 

& Bicca‐Marques 2013), and it should not be assumed that the diet a species is observed to 

eat in a particular area is optimal (Kerley et al. 2020). One of the key considerations for the 

conservation of herbivores is whether they are eating the diets to which they are adapted. 

This is one of the key aspects of the refugee species concept. Morphology suggests that the 

European bison is a grazer, and yet it is now conserved largely in forest habitat (Kerley et al. 

2012). Demographic and physiological data have been used to show that populations of the 

cape mountain zebra in reserves where there is a low abundance of palatable grass have more 

male-skewed sex ratios and lower population growth rates (Lea et al. 2016b), as indicated by 

changes in faecal hormone levels (Lea et al. 2017).  

Herbivores are adapted to eat, chew and digest different plant guilds and are generally 

classified as grazers, browsers or intermediate species (Hofmann & Stewart 1972; Gordon & 

Prins 2008). Tooth and skull morphology, limb length, gut structure, metabolism, and 

digestive physiology are all adapted to the type of diet a species utilises (MacFadden 2000; 

Clauss et al. 2008). Physical structure (Skarpe & Hester 2008), nutritional content (Duncan & 

Poppi 2008) and secondary metabolites (Dearing et al. 2005) of plants all exert selective 

pressure on herbivores, driving adaptation to a particular diet. Eating a diet to which they are 

not adapted can reduce the breeding success and increase mortality of populations of a 

threatened species. The suggestion that the giant panda (Ailuropoda melanoleuca) is a 

‘bamboo specialist’ may be a misconception and a bamboo-dominated diet may be the driver 

of high levels of malnutrition and gastro-intestinal disease (Kerley et al. 2020).  

It is not just the diet itself which is important for the individual health and population 

performance of an herbivore. Diet, along with other factors, affects the microbial community 

of herbivore guts. The development of molecular sequencing technologies has allowed for the 

development of understanding of the fundamental importance of animal-bacterial interactions 

in both evolution and ecology (McFall-Ngai et al. 2013). The microbiome, dominated by 

eubacteria in the case of animals (Medina & Sachs 2010), is the name for the community of 

microorganisms which inhabit a particular environment, which in this case is an animal’s 

body. The nemabiome is similarly the name given to the community of nematode helminths 

which inhabit an animal’s gastrointestinal tract. The nemabiome has primarily been 
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investigated in domestic animals (Avramenko et al. 2015, 2017), but some studies have been 

done in wildlife, particularly into the transmission between wildlife and domestic species 

(Walker & Morgan 2014) and the effect of captive breeding and translocations (Lott et al. 

2012).  

Microbiome 

The microbiome has important functional roles in an animal’s body (Mueller & Sachs 2015) 

and the gastrointestinal microbiome particularly has been linked to energy homeostasis, 

metabolism, gut epithelial health, immunological activity and neurobehavioural development 

(Barko et al. 2018). The microbiome is therefore increasingly studied in biology (McFall-

Ngai et al. 2013) and conservation biology (Bahrndorff et al. 2016; West et al. 2019). This 

includes comparing captive and wild populations to investigate the effects of captivity 

(Gibson et al. 2019) and targeting populations facing a gradient of human impact to study the 

impact of habitat degradation on the microbiome (Amato et al. 2013). Land-use change, 

environmental contamination, climate change and infectious disease have all been identified 

as threats to host-associated microbial biodiversity (Trevelline et al. 2019). 

Gastrointestinal microbiome 

The gastrointestinal microbiome is particularly important for mammalian herbivores due to 

its role in digestion. Mammalian enzymes cannot digest many structural plant 

polysaccharides such as cellulose, so many species, including black rhinos, have evolved 

fermentation chambers in their digestive tracts (Clemens & Maloiy 1982).  

Poor health and dysbiosis 

Different taxa of microbe are associated with different functions (Barko et al. 2018) and 

individuals of the same species will have different gut microbiome communities depending 

on factors such as diet, disease and medication (David et al. 2014; Rothschild et al. 2018). 

There is now a significant literature showing that there are microbiome differences between 

different groups of the same species, whether this be caused by disease, genetics or the 

environment, and just showing that there are differences is not particularly useful (Olesen & 

Alm 2016).  Conservation science is particularly interested in dysbiosis, defined here after 

West et al. (2019) as ‘breakdown or collapse of the microbial community with typically 

negative implications for the host’. Dysbiosis is associated with gastrointestinal and other 

diseases (Carding et al. 2015; Gilbert et al. 2016). For example, infection by Clostridium 

difficile in humans is associated with recent antibiotic treatments (van Nood et al. 2013). 
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Threats faced by species of conservation concern may be compounded by impacts on the 

hosts’ microbiome. For example, red colobus monkeys (Procolobus gordonorum) in 

degraded habitats had a lower diversity of gut microbiota and had lost metabolic pathways 

required to digest xenobiotics, potentially toxic protective plant chemicals (Barelli et al. 

2015). Microbiomes which lack these metabolic pathways may therefore indicate that 

populations of this species are stressed and eating sub-optimal diets. It is not only 

gastrointestinal microbiomes which are useful to conservation, the microbial community 

associated with amphibian skin is one of the factors which influences infection by 

chytridiomycosis (Rebollar et al. 2020) and reproductive tract microbiomes may impact 

reproductive success and early offspring development in many species (Comizzoli & Power 

2019). 

The widespread use of the idea of microbiome dysbiosis in conservation (West et al. 2019) 

and health research (Perez et al. 2020) continues despite work drawing attention to potential 

problems with the concept (Olesen & Alm 2016). It has been demonstrated that much 

research uses the term without a proper definition (Brüssow 2020). Hooks and O’Malley 

(2017) found that ‘imbalance of the microbiota’ is the most common characterisation of the 

concept. They pointed out that if a study compares healthy and ill individuals, and it takes the 

microbiomes of the healthy people to be balanced and those of the ill people to be dysbiotic, 

therefore conferring illness, then it is applying circular reasoning. At the very least, these 

studies cannot distinguish the directionality of causation between the microbiome changes 

and the disease (Bäckhed et al. 2012).  

Despite the fact that it is often impossible to assess the direction of causality between poor 

health and changes in the microbiome, identifying particular combinations of microbiome 

taxa which are associated with disease (Gilbert et al. 2016) or other negative factors for 

population performance (Jiménez & Sommer 2017) allows these combinations to be used as 

biomarkers. Microbiome work in conservation is still largely exploratory, and studies that 

that can do this will be crucial to guiding future work that focuses on functionality. 

As well as the identification of combinations of microbiome taxa associated with poor health, 

measures of microbiome diversity, and how they change with external stressors, can be used 

to study gut health. One hypothesis which may allow for identification of dysbiotic 

microbiomes is the ‘Anna Karenina hypothesis’ (AKH) (Zaneveld et al. 2017). This proposes 

that extrinsic challenges and stressors lead to stochastic variations in the microbiome 
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variations, rather than shifts from a healthy stable state to an unhealthy stable state. Stressed 

individuals will therefore exhibit greater β-diversity than unstressed individuals. The AKH 

could potentially be a useful framework in population-level studies, as it may allow for the 

identification of populations that exist in stressful environments without the need for the 

identification of particular taxa or community compositions that are deleterious. This may 

address many of the problems with the identification of dysbiosis. A measure of β-diversity, 

or dispersion, between individuals in different population in this case would act as a 

biomarker, rather than compositional metrics. Microbiome studies that focus on population-

level changes, rather than on the individual level, may be vital for conservation. 

Nemabiome 

Nematodes, members of the phylum Nematoda, are an incredibly diverse group. There are 

estimated to be over a million species and they live in a great range of environments 

including soil, ice, hot springs, tree canopies and in the bodies of other species (Kiontke & 

Fitch 2013). Parasites, including nematodes, have significant population level effects, 

impacting survival and fecundity in a range of species (Watson 2013) and are a key aspect of 

ecological functioning (Dobson & Hudson 1986).  

The literature regarding the effects of nematodes has focused on their impact on livestock 

(Parkins & Holmes 1989; Avramenko et al. 2017) and human health (Blum & Hotez 2018). 

Of the studies which focus on wildlife, many are interested in these species as vectors for 

nematodes which infect livestock (Chintoan-Uta et al. 2014; Barone et al. 2020). Parasites 

have been shown to impact on the growth rate of wild mammal populations (Irvine 2006) and 

are a vital consideration for conservation (Thompson et al. 2010). For mammalian herbivores, 

gastrointestinal nematodes are a crucial factor in disease and gut health (Coulson et al. 2018). 

The burden of gastrointestinal nematodes may be dependent on dietary quality, as it has been 

shown among Kenyan herbivores that low dry season protein intake correlates with high 

parasite burdens (Ezenwa 2004). Nematode infections can also affect bacteria within a host. 

In African buffalo (Syncerus caffer), nematode infections cause immune response changes 

that can make individuals more prone to bovine tuberculosis (Ezenwa et al. 2010). Despite 

these examples, the literature on the impact of nematodes on populations of species of 

conservation concern is not well-developed.  
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The importance of nematodes for conservation 

It has been shown that consideration of nematodes is vital for the conservation of small 

populations, especially generalist pathogens which can infect many species and travel in the 

bodies of human-associated species, and when coupled with other threats such as habitat loss 

(Kristen Page 2013). Infection with Baylisascaris procyonis, transmitted by racoons 

(Procyon lotor), has been identified as a potential cause of the decline of the Allegheny 

woodrat (Neotoma magister) (Page et al. 2012).  

However, in other species of conservation concern there is little evidence of adverse impacts 

of nematodes, including the Saiga antelope (Saiga tatarica) (Morgan et al. 2005). It has 

historically been assumed that species which inhabit the guts of vertebrates are parasitic and 

pathogenic, whilst more recent work has suggested that they can have positive impacts. For 

example, bullfrog tadpoles (Rana catesbeiana) infected with a tadpole‐specific 

gastrointestinal nematode (Gyrinicola batrachiensis) had accelerated development due to 

altered hindgut fermentation which increased this process’s contribution to energy uptake 

(Pryor & Bjorndal 2005). It is also hypothesised that the presence of particular nematodes can 

prevent organ inflammation, and clinical trials which expose humans to particular nematodes 

have had some positive results (Elliott & Weinstock 2017). Many species may also tolerate 

the presence of parasites and avoid the costs of active defence, in terms of resources and 

collateral damage, instead of resisting the infection by reducing or eliminating the parasite 

(Råberg et al. 2009). The presence of nematodes should therefore not be assumed to be 

negative, and the relationship between nematode communities, health and population-level 

impacts is likely to be more complicated.  

There are various factors which may impact the nematode communities present in a free-

living species. Geladas (Theropithecus gelada) in disturbed habitat were shown to have four 

times the taxonomic diversity of nematodes than individuals in less disturbed habitat 

(Schneider‐Crease et al. 2020). Schneider-Crease et al (2020) found that ecology was a 

stronger predictor of nematode community than phylogeny, and geladas have nemabiomes 

more similar to grazers in the same habitat than to those of much more closely related 

baboons (Papio spp).  

1.1.4 Changing aims and methods of conservation  

The other aims of this thesis are to interrogate the role of species-focused conservation in the 

future of the field and demonstrate its importance in both theory and practice. Under a 
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biocentric ethic, nature is valuable in its own right (Soulé 2013; Hunter et al. 2014). Species 

have inherent value (Batavia & Nelson 2017) and as such, all species deserve to be conserved 

just by merit of their own existence. Continued existence of species is therefore the ultimate 

aim. However, few people would argue that solely aiming for the avoidance of extinction is a 

sufficient justification for conservation (Berry et al., 2018). Focusing on just preventing 

extinction, especially if this is restricted to preserving species within historical ranges, may 

give rise to static conservation regimes that do not take account of inevitable changes to the 

biosphere and attempt to protect unsustainable species communities (Hannah et al. 2002). 

Other conservation aims include demographically and ecologically self-sustaining 

populations (Redford et al 2011), resilient ecosystems (Bellwood et al., 2003), the 

preservation of areas which are free from human influence (Saarinen, 2016) and the 

maintenance of ecosystem processes and function (Cinner et al. 2020). From an 

anthropocentric point of view, populations need to be maintained at sizes which allow for the 

provision of ecosystem services and benefits to humans (Tallis et al., 2008), including 

tackling poverty (Adams et al., 2004) and maintaining their importance for Indigenous 

peoples (Ens et al. 2016; Garnett et al. 2018). 

The preservation of wilderness 

One of the mainstays of Western conservation has historically been the protection and 

restoration of wilderness, usually defined as areas which are free from human influence 

(Mittermeier et al. 2003; Nash & Miller 2014). Wilderness has been important in the 

preservation of the natural world since at least the early 20th century (Adams 1913). Aldo 

Leopold wrote about wilderness being ‘normality’ (Leopold 1941) and so-called ‘pre-human’ 

baselines, which can more often be more accurately referred to as ‘pre-colonial’ baselines, 

are still common in conservation (Foster 2000; Nogué et al. 2017). This is despite evidence of 

Indigenous people and pre-colonial societies having wide-ranging impacts on the natural 

world (Head 1994; Bjorkman & Vellend 2010; Clement et al. 2015).  

Large herbivores can act as symbols of traditional ideas of pristine nature and wilderness 

(Samuel, 2000). Reserves in sub-Saharan Africa which contain black rhinos have often been 

perceived and marketed as ‘pristine nature’ and an ‘unspoiled Eden’ (Achiron & Wilkinson 

1986; Norton 1996; Adams & Hutton 2007). Concerns over the dissolution of the boundary 

between wild and captive have historically been raised in the case of rhino conservation. In 

the IUCN Species Survival Commission African Rhino Specialist Group’s 1999 African 

Rhino Status Survey and Conservation Action Plan, it is stated that ‘It is critical that there 
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should be no confusion over the distinction between wild and captive populations, as this 

could lead to a reduction in focus and effort to conserve existing rhino populations in their 

natural, wild habitats’ (Emslie & Brooks 1999).  

Despite this, the status of wilderness within conservation has increasingly been challenged 

(Cronon 1996; Nelson & Callicott 2008). In fact, it has been claimed that allusions to the 

existence of a nature/society binary, where humans and nature exist separately and any entry 

of people into natural spaces devalues them, are anachronistic and unhelpful (Latour 2004; 

Lorimer 2012). It has also been suggested that in light of the start of the Anthropocene, a 

proposed new geological epoch characterised by human activity (Soriano 2020), our very 

definition of nature will have to change (Lorimer 2015). This will have broad implications for 

the practice of conservation (Marris 2011). It must be noted that there has been opposition to 

attempts to collapse the nature-human binary, primarily because of concern that doing this 

could be a way to legitimise anthropogenic change (Soulé 1995, 2013; Malm 2018). 

If conservation moves away from concepts of wilderness and pre-human baselines, what 

should they be replaced with in the theory and practice of conservation? Chapter 7 discusses 

species-focused research and conservation in this context and suggests how they can be a part 

of efforts to prevent conservation being co-opted by interests which may want to legitimise 

development interests that continue to destroy biodiversity. 

The breakdown of the in situ/ex situ divide 

There is a general movement away from breaking the environment down into dichotomous 

categories such as nature/society, native/alien and even self/other (Haraway 1985; Latour 

1993; Lorimer 2012, 2015; Pearce 2016) which could be vital to the development of more 

pragmatic approaches to conservation in a human-dominated world (Hobbs et al. 2014). 

Differentiating between wild and captive may be on the way to becoming irrelevant due to 

the management which occurs in all reserves (Pritchard et al. 2012; Redford et al. 2012; 

Braverman 2014a). In situ conservation, defined by the Convention on Biological Diversity 

(CBD) as ‘the conservation of ecosystems and natural habitats and the maintenance and 

recovery of viable populations of species in their natural surroundings’ (CBD 1992), is the 

explicit priority globally in legal and institutional conservation frameworks (Pritchard et al. 

2012). In contrast to in situ conservation, ex situ conservation protects biological diversity 

outside of natural habitats, primarily in institutions such as zoos, aquaria or botanic gardens 

(Braverman 2014a; CBD 1992; Pritchard et al. 2012). Article 9 of the CBD states that ex situ 
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conservation should be carried out ‘predominantly for the purpose of complementing in situ 

measures’ (CBD, 1992).  

In situ and ex situ conservation have historically been carried out in parallel, and been 

strongly separated in terms of personnel, methods and populations (Byers et al. 2013). Zoos 

have traditionally focused on contributing to conservation through captive breeding (Bowkett 

2009; Conde et al. 2011), fundraising and education of visitors (Marino et al. 2010; Gusset & 

Dick 2011; Moss et al. 2015). However, zoos also have the potential to contribute more to the 

conservation of free-living populations (Fa et al. 2014). Zoos’ expertise lies in the 

management of small, isolated populations (Fa et al. 2011; Rees 2011). Free-living 

populations of many species increasingly resemble this situation due to anthropogenic 

impacts on the natural world (Sanderson et al. 2002; Ellis & Ramankutty 2008). Habitat loss 

(Butchart et al. 2010; Hansen et al. 2013) and fragmentation often leave species confined to 

small, isolated populations (Lindenmayer & Fischer 2007; Fischer & Lindenmayer 2007) 

which require some level of intervention or management to ensure that they are viable. In 

2007 84% of the 1,136 species listed under the US Endangered Species Act were classed as 

‘conservation reliant’, defined as those which will require interventions such as control of 

other species, active habitat management or artificial recruitment for the foreseeable future 

(Scott et al. 2010). 

New approaches to conservation which increase the level of intervention in situ are bringing 

the historically separate arenas of wild and captive management closer together. Whilst 

treating wild and captive populations as one large metapopulation may have practical benefits 

for conservation, the inherent weakening or even removal of the distinction between in and ex 

situ could be problematic. Researchers who support the integration of these historically 

separate arenas have suggested that our concept of nature needs to be re-considered 

(Pritchard et al. 2012; Braverman 2014a). Part of this is that the range that defines whether a 

species is in situ in a particular area is not static, and largely controlled by biogeography at 

the time of European colonisation (Pereyra 2020). This is a serious consideration, especially 

because much of Western conservation is based on the idea of wilderness and its protection 

(Cronon 1996; Mittermeier et al. 2003; Nelson & Callicott 2008). Therefore, anything which 

values other aspects of the natural world and potentially devalues wilderness must be 

carefully analysed.  
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The One Plan Approach 

There are a range of approaches which aim to integrate zoos into wider conservation and will 

increase the levels of intervention in situ. The IUCN Conservation Planning Specialist Group 

has been facilitating and fostering these ideas under various guises since the 1980s to 

integrate the zoo and wildlife management communities (Seal et al. 1994; Wick 2017). This 

methodology was branded the ‘One Plan Approach’ in 2011 and it ‘proposes integrated 

species conservation planning and considers all populations of the species both inside and 

outside their natural range under all conditions of management involving all responsible 

parties and engaging all available resources’ (Byers et al. 2013; Byers 2014). This branding 

attempts to draw attention to the work of the CPSG that bridges the in situ/ex situ divide. The 

aim of the OPA is to provide an explicit framework to allow all responsible parties and 

stakeholders to produce one integrated and comprehensive conservation plan for the 

conservation of a particular species (Byers et al. 2013; Byers 2014). This conservation plan 

should take all relevant populations of a species into account, outside and inside their natural 

range and under all conditions of management (Braverman 2014a). It has been shown that 

doing this can significantly impact conservation planning. Including feral and non-native 

populations in Red List threat assessments for Australian vertebrates reduced global threats 

statuses for 15 of the 18 species examined (Wallach et al. 2019). There are now several 

examples of the benefits that the OPA can have for species conservation (Wick 2017).  

The OPA is being embraced by zoos and breeding centres to create better links and 

strengthen their work on free-living populations (Barongi et al. 2015; Young et al. 2019). 

However, little work exists which critically evaluates the OPA and questions what 

professionals and donors think the future looks like for the conservation of rhinos and other 

large herbivores. It needs evaluation because the benefits of an integrated approach are 

accompanied by potential drawbacks, especially as captive breeding and management of free-

living populations have long-term, multifaceted and challenging responsibilities (Wikelski et 

al. 2004). The breakdown of the divide between the traditional in situ and ex situ 

conservation regimes has serious implications due to the classical importance of concepts of 

wilderness to conservation (Nash & Miller 2014). Evaluating the OPA is the aim of chapter 

5.  

Sources of funding  

Another aspect of conservation which is changing is how it is funded. The importance of 

biodiversity to human economies, and engaging with nature sustainably, are increasingly 
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recognised as vital to future livelihoods and well-being (Dasgupta 2021). Conservation is 

more and more strongly linked to economics, and capitalist methodologies are used as a 

source of funding (Büscher & Fletcher 2015). This includes market-based approaches such as 

eco-certification (Ibanez & Blackman 2016) and, in the case of black rhinos, even Impact 

Investment Projects, a pay-for-results financial instrument aimed at raising money for 

conservation (ZSL 2019). These financial schemes have led to accusations that conservation 

is becoming financialised (Kay 2018) and a critical body of literature has interpreted this as a 

negative process which has allowed conservation to be utilised as a method of primitive 

accumulation (Igoe 2010). Primitive accumulation is the process where precapitalist modes 

of production are transformed into capitalist modes of production and utilised to generate 

profit. This process has been called ‘accumulation by conservation’ (Büscher & Fletcher 

2015). It is important to assess whether those involved in conservation agree with this 

interpretation, because if not then it risks losing the support and professional efforts of these 

people.  

1.2 Black rhino conservation 

This thesis uses the black rhino as a case study of the facets of species-focused research 

outlined above. A range of methods are brought together to identify demographic 

heterogeneity and to attempt to explain it. The black rhino is also an ideal model species 

which can be used to discuss the future role of species-focused work, the importance of 

wilderness and the breakdown of the in situ/ex situ binary in conservation.  

The black rhino is a species of the family Rhinocerotidae within the order Perissodactyla, or 

odd-toed ungulates. Standing on average 1.7m tall, weighing up to 1300kg and thought to eat 

primarily browse which they select with their prehensile upper lip (Figure 1.1), they are 

classed as a megaherbivore (Owen-Smith 1992).  
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They are a long-lived species, regularly surviving to 30-35 years old in the wild (Chapter 3). 

Black rhinos are primarily solitary, inhabiting home ranges that vary massively in size 

depending on habitat type, from <5km2 up to >235km2 (Adcock 2001, Göttert et al. 2010, 

Plotz et al. 2016). Males often have exclusive core home ranges and small shared peripheries, 

whilst female ranges overlap with both males and females to a greater extent (Emslie 2009). 

Social behaviour is mostly restricted to mating and mother-calf relationships, but females and 

younger males have been observed to spend time in pairs and small, semi-stable groups 

(Figure 1.2) (Hutchins & Kreger 2006).  

Figure 1.1 A black rhino displaying the Flehmen grimace and demonstrating its prehensile upper 

lip. Photo credit: author 
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Black rhinos epitomise many of the challenges in contemporary species conservation. Firstly, 

they face a range of interrelated threats which can act synergistically. They, and other large 

herbivores, defined after Ripple et al. (2015) as those species with mean adult body masses of 

100kg or more, continue to experience alarming declines due to hunting, land-use change and 

competition with livestock (Ripple et al. 2015). Secondly, global economic forces drive some 

of the threats they face. Alongside hunting for meat, several large herbivore species including 

African elephants (Loxodonta africana) (Wittemyer et al. 2014), have body parts which are 

of particular value, incentivising illegal hunting (hereafter referred to as ‘poaching’) (Ripple 

et al. 2015). In the case of black rhinos, devastating levels of poaching have been driven by 

the extraordinary value of their horns (Biggs et al. 2013). Thirdly, there are serious 

disagreements within the community of people who are involved in black rhino conservation. 

The cultural value of this species means that many groups are interested in and have strong 

opinions about their conservation (Gordon et al. 2004). This includes governments and 

authorities in range states, international organisations, charities and zoos. Black rhinos are 

also one of the species which garner a great amount of celebrity attention (Brockington 2008; 

Chaudhry 2020). There are fierce debates over what the aims of conservation are, and how 

best to conserve this species, including whether a legal trade in horn would be beneficial 

(Biggs et al. 2013; Crookes & Blignaut 2015,) and even proposals to establish a large free-

Figure 1.2 Two young black rhino males on Lewa Wildlife Conservancy. This pair spent much of 

their time together during the fieldwork conducted for this thesis. Photo credit: author 
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living population in Australia (Hayward et al. 2018). Due to the threats they face and the 

attention they garner, black rhinos act as an interesting test case for how conservation is 

changing. 

1.2.1 Black rhinos in fenced reserves 

Black rhinos once lived right across sub-Saharan Africa, with the exception of the Congo 

basin (Figure 1.3), and likely numbered in the hundreds of thousands (Western & Vigne 

1985; Ashley et al. 1990; Cumming et al. 1990).  

 

 

This species underwent extreme declines during the 20th century (Ripple et al. 2015; Western 

& Vigne 1985). The earliest population estimates for the whole of Africa date to 1980, but it 

is estimated that in 1960, even after hunting and habitat loss due to clearance of land for 

settlement and agriculture drastically reduced both the abundance and range size of this 

species, 100,000 individuals remained (Leader-Williams 2002; Amin et al. 2006; Emslie 

2020). The first poaching crisis struck during the 1970s and 1980s, driven primarily by 

demand for the horn to make dagger handles in Yemen and for use in traditional Chinese 

medicine in East Asia (Amin et al. 2006). White rhinos (Ceratotherium simum) were targeted 

first, and black rhino populations only started to seriously decline after populations of whites 

were exhausted. In this period of the 20th century, when many mammal populations were 

rapidly decreasing, the black rhino is thought to have declined faster than any other large 

Figure 1.3   Range contraction of the black rhino between 1700, shown in blue, and 1987, 

shown in red. Due to the threat of poaching, the 1987 ranges have been moved in random 

directions and by random distances. Figure from Ripple et al. (2015) 



36 

mammal species (Ashley et al. 1990). Between 1960 and 1995, growing demand for rhino 

horn, corrupt governance and improved global infrastructure which facilitated transport and 

smuggling, led to wide-scale poaching which caused a drastic 98% collapse in the species 

until numbers dropped to around 2,410 in 1995 (Emslie & Brooks 1999).  

Poaching rates decreased during the 1990s, but another dramatic increase in poaching began 

in 2008 and continues to the present day (Figure 1.4) (Emslie et al. 2016). This is thought to 

have been driven by economic growth in China and Vietnam and the burgeoning middle 

classes who could afford horn (Rademeyer 2012; Ayling 2013; Biggs et al. 2013). The 

number of black and white rhinos poached per year in Africa increased from around 300 in 

2008 to a peak of 1,342 in 2015 (Emslie et al. 2016). There has been a slight decrease since 

then, and far more white rhinos are killed than black rhinos due to their greater numbers and 

preference for open habitat, but poaching is still a major threat to black rhinos (Emslie et al. 

2019).  

 

 

There are currently estimated to be around 5,500 black rhinos in Africa (Emslie et al. 2019) 

and they are classed by the IUCN Red List as Critically Endangered (IUCN 2020). 

Figure 1.4 The number of African rhinos poached 2006-2017. Modified from Emslie et al. (2019) 
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Black rhinos in Kenya 

The most widely accepted taxonomic evaluation states that there were originally seven 

subspecies of black rhino (Groves 1967; Hillman-Smith & Groves 1994). Four of these 

became extinct in historical times; the north-eastern (D. b. brucii), chobe (D. b. chobiensis), 

Uganda (D. b. ladoensis) and western (D. b. longipes). The latter was declared extinct by the 

IUCN in 2011 (Emslie 2012). There are three extant subspecies: the eastern (D. b. michaelis), 

south-central (D. b. minor), and south-western (D. b. bicornis) (Emslie 2012).  

 

 

Like other subspecies of black rhino (Figure 1.5), the eastern race was once extremely 

abundant. Despite large declines through the 20th century, there are estimated to have been 

around 20,000 black rhinos in Kenya in 1970 (KWS 2012). The poaching crisis of the 1970s 

and 1980s led to a drastic decline, with a minimum population of fewer than 400 around 1990 

(Figure 1.6) (Brett 1993; Gakahu 1993; Emslie & Brooks 1999; Okita-Ouma et al. 2007; 

KWS 2012).  

Figure 1.5 a) Decreases in black rhino populations in African countries in the 20th century. 

Dashed lines indicate extant populations. b) The original distributions of four black rhino 

subspecies in sub-Saharan Africa. Figure from Moodley et al. (2017) 
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This subspecies’ range used to span large parts of eastern Africa (Figure 1.5) but is now 

confined to national parks and other reserves in Kenya, Tanzania and more recently Rwanda, 

as around twenty black rhinos were recently reintroduced to Akagera National Park in the 

country after a twenty-year absence (Wally 2016). There is also a population present outside 

of the historic range of the subspecies in the Limpopo area of South Africa. Individuals were 

transported to South Africa to insure against extinction across east Africa, and there is now a 

population of 83 in the country. Kenya is the main range state and protects around 75% of 

Africa’s eastern black rhinos (Emslie et al. 2019).  

The creation of rhino sanctuaries 

Through the 1970s and 1980s, poaching reached crisis level in Kenya and it became clear 

that the legislation and wildlife management practices which were in place were insufficient 

to prevent the disastrous decline of the species. Like all wildlife in Kenya, rhinos are owned 

Figure 1.6 Changes in the Kenyan black rhino population 1970-2015. Data from Emslie et al. 

(2016), Emslie et al (2019) and KWS (2012) 
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by the state. A Presidential Decree on special protection for the black rhino in Kenya was 

issued in 1979 and began the development of specially fenced reserves called sanctuaries. 

The Kenya Wildlife Service (KWS) was created in 1989 by the Wildlife Conservation and 

Management (Amendment) Act 1989. Responsibility for coordinating their conservation falls 

to KWS, including publishing conservation and management strategies. Since that time, the 

policy framework of rhino protection in Kenya has been based around the ‘creation of 

intensively protected fenced sanctuaries’ (KWS 2012).  Black rhino populations are 

maintained in sixteen different management blocks in Kenya, across a range of reserves, 

sanctuaries and conservancies (Figure 1.7) which have various ownership and management 

structures (KWS 2017).  

 

 

The separation of Kenyan black rhinos into discrete populations, while presenting challenges 

for the conservation of the subspecies, is a natural experiment. Each reserve has a slightly 

different abiotic environment, with different soil types, rainfall and altitudes giving rise to 

different vegetation communities (Adcock et al. 2007). There are also differences in biotic 

Figure 1.7 Rhino conservation areas in Kenya. Figure from KWS (2017) 
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factors, with varying densities of other herbivores and predators. Finally, there are also 

disparities in human influences, with management practices varying slightly from reserve to 

reserve. This presents opportunities to study differences in the performance of the black 

rhinos in each reserve and identify potential drivers. The difficulty lies in separating out the 

various potential causes of variation in the breeding success or mortality of the rhinos. 

1.2.2 Black rhino population performance in Kenya 

Understandably, black rhino conservation has been focused on the prevention of poaching for 

the last forty years. Whilst poaching is still the main threat to black rhinos across Africa, 

Kenya has been remarkably successful in reducing poaching rates and it has been maintained 

below 1% per year since 2015. Conservation plans have increasingly focused on optimising 

population performance and breeding success through biological management (Patton et al. 

2008; Khayale et al. 2020). KWS sets out priorities which must be focused on for the long-

term vision of having ‘a meta-population of at least 2,000 black rhinos of the eastern African 

subspecies (Diceros bicornis michaeli) in Kenya, and in suitable habitats’ (KWS 2017).  

Currently, population performance varies between reserves, with some of them missing the 

targets set by the IUCN and KWS (Edwards et al. 2015). Individual females also vary in 

indicators of breeding performance including the number of calves, age of first reproduction 

and inter-calving interval (Patton et al. 2008). The strategic objectives of the KWS 2017-

2021 ‘Kenya Black Rhino Action Plan’ set a target annual growth rate of 5% in established 

sanctuaries. It is estimated that the maximum long term intrinsic growth rate of a black rhino 

population is around 11% pa (Okita-Ouma et al. 2010). Reserves also aim for an average 

intercalving interval of three years or less (Patton et al. 2008). To achieve these goals, and to 

allow the use of ‘well-established sanctuary populations as a ‘breeding bank’ to restock 

former range areas capable of supporting large populations not only in Kenya but also across 

east Africa’ (KWS 2017), population performance within sanctuaries must be maximised. 

Active management is already practised to try and improve the population performance on 

reserves. For example, if carrying capacity models suggest that a certain reserve is 

overstocked, then carefully selected individuals are translocated to try and boost population 

growth (Patton et al. 2008).  
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1.2.3 Demographic heterogeneity 

In chapter 3 I present a population model using data from three Kenyan black rhino reserves 

and use it to assess the importance of different vital rates to population growth and the risk of 

extinction they face under different conditions of reproductive skew and poaching pressure.  

Black rhinos, due to poaching and their own ecology, exemplify many of the challenges 

faced in species conservation. (Ferreira et al. 2011). This can be understood through the small 

and declining population paradigms which are a central focus of conservation science 

(Caughley 1994; Simberloff 2009; Redford et al. 2011). The small population paradigm 

focuses on the increased risk of extinction faced by small populations precisely because they 

are small, including inbreeding and the increasing risk posed by stochasticity. On the other 

hand, the declining population paradigm is concerned with the detection of declines in 

population size rather than size itself, the diagnosis of the external threats that are causing 

those declines, and the mitigation of threats (Caughley 1994). Black rhino conservation is 

primarily occupied with the declining population paradigm, as poaching is by far the major 

cause for their endangerment. However, as black rhino are often managed in small, isolated 

populations, the use of the small population paradigm is also required to fully understand the 

risk they face, and how best to conserve them. 

Demographic stochasticity is an important and often underestimated factor in the extinction 

risk faced by small populations (Melbourne & Hastings 2008), especially in fragmented 

habitats (Reed 2004), and it has been shown to be present in black rhino populations (Law et 

al. 2015). Genetic diversity can be lost and fitness compromised due to inbreeding and 

genetic drift (Charlesworth & Charlesworth 1987; Westemeier et al. 1998) and inbreeding 

depression is often cited as a threat to population viability (Keller & Waller 2002; O’Grady et 

al. 2006). Genetic variation has been shown to be important in black rhino population 

dynamics as multilocus heterozygosity in males predicts reproductive success (Cain et al. 

2014). Heterozygosity may therefore be one of the causes of demographic heterogeneity in 

black rhinos.  

Female black rhinos are non-cooperative breeders and there is no paternal care (Hutchins & 

Kreger 2006). In mammals, the variance in lifetime reproductive success for males tends to 

be much larger than for females (Kruuk et al. 1999) and this has been demonstrated for black 

rhinos (Garnier et al. 2001). When modelling mammal populations, ‘female dominance’ is 

normally assumed where there are always enough males to fertilise all females (Caswell 
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2000). However, it has been shown that there is significant positive female reproductive skew 

in non-cooperatively breeding mammals, where relatively few females produce a large 

proportion of the young (Clutton-Brock et al. 1982; Stockley & Bro‐Jørgensen 2011), 

including amongst translocated black rhinos (Gedir et al. 2017). Skewed female reproduction 

can potentially have a strong impact on population growth as it inherently means that there is 

some unused reproductive potential in the population. 

Female black rhinos exhibit significant variance in reproductive success. The two most 

commonly used measures of individual reproductive performance in female black rhinos are 

age at first calving and inter-calving interval (ICI) whereas at the population level, the yearly 

percentage of females calving is often used (Okita‐Ouma et al. 2021). Average age at first 

calving is around 7 years (Owen-Smith 1992) but this does vary between 5 and 14 

(unpublished data used for chapter 3). The minimum ICI is 1.4-1.5 years (Okita‐Ouma et al. 

2021) but less than 2.1 years is rare (Owen-Smith 1992) and an average of 2.5 years is the 

target for optimal performance (Hrabar & Toit 2005). Accounting for the year-to-year 

randomness observed in the percentage of females calving in a population, this measure 

varies between 10% and 45% (Okita‐Ouma et al. 2021). 

The effects of female reproductive skew may be magnified when coupled with other drivers 

of population dynamics such as poaching. Poaching is still a major threat for African rhinos, 

although rates have been decreasing since a peak in 2015 (Knight 2018). If a poaching event 

kills a female with a relatively high reproductive output, it would remove a greater amount of 

reproductive potential from the population than poaching when female reproduction is not 

skewed. Research has focused on the relationship between male breeding and poaching in 

other mammal species (Milner-Gulland et al. 2003, Archie & Chiyo 2012) but there are no 

previous studies which explicitly focus on the link between female reproductive skew and 

poaching in mammals, and whether they combine to increase extinction risk.  

Existing black rhino models 

Previous modelling of black rhino populations has generally used two different methods. The 

first aggregates performance data, such as breeding rates, for a certain population and tests 

whether these are dependent on factors such as rhino density (Okita-Ouma et al. 2010) or 

rainfall (Hrabar & Toit 2005). These models are not predictive but rather attempt to identify 

the drivers of population dynamics. Okita-Ouma et al. (2010) found that an exponential 

model best described population dynamics and found no evidence of density dependence in 
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Kenya populations. Hrabar and du Toit (2005) found that ICIs increased with decreasing 

rainfall in Pilanesberg National Park, South Africa, but a complex relationship exists between 

the percentage of females achieving maternal success, defined as raising a yearling, and rhino 

density. At low densities, density was positively correlated with the proportion of females 

achieving maternal success, which may be due to Allee effects. However, above a density of 

0.085 rhinos/km2 there was a decrease in calving success.  

The second method utilises stage-based matrix models. The population is split into a number 

of stages based on similarities of birth and death rates. Vital rates, the probability that an 

individual in a particular stage dies or breeds in any given year, are calculated. Matrix models 

can then be utilised to test whether stochasticity or density dependence are important. Law et 

al. (2015) found no evidence of density dependence or environmental stochasticity, but did 

find that demographic stochasticity was present. These matrix models can be used to conduct 

population viability analysis by projecting study populations into the future using calculated 

vital rates to estimate growth rates, estimate extinction risk and test the importance of 

different vital rates to overall population growth (Edwards et al. 2015). Brodie et al. (2011) 

found that density did not impact population growth and that adult female survival was the 

most important vital rate to population growth. 

1.3 Causes of demographic heterogeneity and identifying poor habitat 

The causes of the variation in fecundity and mortality observed between black rhino 

populations and individuals in Kenya and elsewhere are uncertain. Population modelling has 

suggested that it is not due to density dependence (Okita-Ouma et al. 2010; Brodie et al. 

2011; Law et al. 2015). There is some evidence from reintroductions that low numbers of 

rhinos in an area can result in higher mortality. After reintroductions mortality rates depend 

on an interaction between habitat and cohort size that results in very high mortality rates 

when few individuals are released into areas with low estimated carrying capacity, perhaps 

due to the lack of normative social relationships (Linklater et al. 2012).   

Rhinos face several threats which can increase mortality and decrease fecundity which could 

be the source of this variation. Poor habitat can be caused by biotic or abiotic factors that lead 

to a lack of the resources which the target species requires. Abiotic factors can be important 

for herbivores, and large ungulate community biomass in east Africa is strongly dependent on 

rainfall and soil nutrient availability (Fritz and Duncan, 1994), which drive the availability of 

water and palatable plants.  
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Biotic factors can also play a role, particularly on fenced reserves. Almost all rhinos in Africa 

are confined to protected areas by fences and management practices can create a higher than 

natural density, referred to as ‘compression’ (Emslie & Brooks 1999). This means that the 

impacts of the species community on the ecosystem are concentrated spatially and extended 

temporally. As browsers, black rhinos compete with elephants, giraffes (Giraffa spp.) and 

other browsers for food (Birkett 2002). The open woodlands which make up the majority of 

the browsing habitat of the sub-Saharan African savannah biome become radically changed 

when elephants are concentrated within an area (Thomson 1975; Mapaure & Campbell 

2002). Predators can also reach high densities. Lions will take young and sub-adult rhinos 

(Western & Vigne 1985; Brain et al. 1999; Plotz & Linklater 2009), and in reserves where 

they are fenced in, this can have a significant impact on rhino numbers. In small populations, 

even low levels of infant mortality can have serious impacts on population growth rates. 

Disease also poses a threat in small, confined populations. In the case of rhinos in Kenya, 

trypanosomosis along with other infections can seriously hamper conservation efforts 

(Obanda et al., 2011).  

Density-independent factors, including intra- and inter-sexual competition, may also give rise 

to demographic heterogeneity (Linklater & Hutcheson 2010). Range overlap in black rhinos 

is largely limited by intra-sexual competition (Emslie et al. 2009) and it has been shown that 

females translocated into male-biased populations can have lower offspring recruitment rates 

than individuals released into female-biased populations, likely due to sexual harassment 

from males (Gedir et al. 2017). This competition can also make black rhino populations slow 

to recover from declines, as it takes a long time for them to colonise a harvested neighbour’s 

range and take advantage of the resources (Linklater & Hutcheson 2010). Individual 

variations in fecundity and survival may be partly caused by intra-species competition, which 

is largely dependent on factors including sex-ratio rather than density.  

1.3.1 Diet and gut health 

Another potential driver of variation in mortality and fecundity rates is differences in habitat 

quality between reserves, and on a smaller scale between home ranges of individuals. Whilst 

I do not posit the black rhino is a refugee species, this is a useful framework for 

understanding how species can come to be conserved in sub-optimal habitat. For species 

which have undergone a range decline, such as the black rhino (Emslie 2020), there is a real 

danger of attempting to conserve them in suboptimal habitat by assuming that the remnant 

populations are in optimal habitat (Caughley 1994; Braunisch et al. 2008).  
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Black rhino diet 

Black rhinos are considered to be relatively strict browsers, mostly eating woody trees, 

shrubs and forbs (Figure 1.8). They prefer to browse between 0.5m and 1.2m and up to a 

maximum of around 2m (Owen-Smith 1992; Emslie et al. 2009).  

 

 

 

Previous studies have identified the flora which black rhinos prefer in different areas, and the 

seasonal variation in diets (Buk & Knight 2010). The species they utilise most often are trees, 

shrubs and herbs, from the families Fabaceae, Malvaceae, Ebenaceae and Phyllanthaceae. In 

Kenya it has been found that plant genera utilised most often by black rhinos include Grewia, 

Hibiscus, Phyllanthus, Euclea, Vachellia and Senegalia (the latter two were previously 

classed as Acacia) (Oloo et al. 1994; Muya & Oguge 2000). Grazing is considered to be rare 

and grasses, plants of the family Poaceae, are not thought to contribute much to black rhino 

diets (Owen-Smith 1992). Some studies have recorded a complete absence of them in black 

rhino diets (Buk & Knight 2010), and others have recorded very limited utilisation of very 

few species (Oloo et al. 1994). Although this does vary depending on habitat with some 

studies recording grasses as making up over 60% of the diet of some individuals (Landman et 

Figure 1.8 Rhino browsing on Ol Pejeta Conservancy. Photo credit: author 
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al. 2013). Landman et al (2013) also posited that grass utilisation can play a part in 

maintaining diet quality, with nitrogen levels positively correlated with the proportion of 

grass in the diet.  

Variation in black rhino diets 

Black rhino diets vary according to a few different factors which mediate what plants are 

available. There is seasonal variation as there are more plants available during the wet 

seasons following greening up of non-woody and deciduous species (Buk & Knight 2010). 

Herbaceous species of the genera Indigofera, Asparagus and Ferula are eaten by Kenyan 

black rhinos in the wet season (Oloo et al. 1994) and therefore the diversity of diets may 

increase following rainfall. 

Habitat changes can impact the diets which are available to black rhinos. As browsers, they 

have been shown to be relatively resistant to the impacts of short-term drought compared to 

the grazing white rhino (Ferreira et al. 2019). Potentially of more importance is decreasing 

browse availability. This can be caused by long-term drought and high densities of browsing 

species including African elephants, giraffes and black rhinos themselves. Over a three-year 

period on Ol Pejeta Conservancy, 40% of the reduction in Vachellia drepanolobium trees 

were attributed to elephants, 33% to black rhinos and 27% to drought (Birkett & Stevens‐

Wood 2005).  Recruitment of V. drepanolobium is very low, with studies recording that less 

than 1% of seedlings grow into trees (Wahungu et al. 2011). There is evidence for shifts in 

black rhino diet in the presence of elephants, most noticeably an increase in preference for 

grasses (Landman et al. 2013). High densities of black rhinos themselves have the potential 

to impact on the vegetation of reserves and make it less suitable for the species, especially 

because these populations are fenced into these reserves. Due to their selective browsing, 

they will have disproportionate effects on certain species, suggested to be deciduous trees 

with long shoots in South African semi-arid subtropical thicket (Ganqa & Scogings 2007). 

Highly preferred food plant species could be monitored and decreases in their availability 

could be used as an early warning for black rhino browsing impact (Buk & Knight 2010).  

A range of different factors have been hypothesised to control the plants which black rhinos 

eat alongside availability. They are selective in their use of habitat with use being determined 

by the availability of water, food, cover and the absence of human disturbance (Tatman et al. 

2000). A key factor in the health of any animal is an adequate nutritional intake. Herbivores 

are challenged by the fact that a large proportion of the diet they consume is made up of 



47 

polysaccharides and lignin which are not degradable by mammalian enzymes, collectively 

known as dietary fibre (Van Soest 1996). The proportion of the diet which is made up of 

dietary fibre is affected by the species of plants which are consumed, as well as their 

phenology. Gut bacteria contribute towards breaking some of this down, but generally the 

larger the content of indigestible fibre, the lower quality the diet (Van Soest 1996). As well as 

fibre content, nitrogen (N) and phosphorus (P) are commonly considered to be limiting to 

herbivore growth and are used to assess diet quality (Wrench et al. 1997; Landman et al. 

2013).  

Whether the nutritional contents of soil and diets have a significant effect on black rhino diet 

selection and population performance is uncertain. Studies investigating the browsing choice 

of the eastern black rhino have shown that it is a selective browser which feeds on plants with 

low phenol and alkaloid but high fibre contents. Within nutritionally similar species of plant, 

utilisation is driven by availability (Muya & Oguge 2000). In South Africa no correlation was 

found between plant species taken in a high proportion and those taken in low proportion in 

terms of water content, digestibility, protein or important mineral content (van Lieverloo et 

al. 2009).  

Of more relevance to conservation is whether diet quality can affect fecundity and survival. 

In Kenya, it was found that rhinos exhibited better breeding performance in areas of higher 

woody cover and soil conditions that encouraged high quantities of browse (Okita‐Ouma et 

al. 2021). Periods of drought have been shown to lead to low food availability and longer 

intercalving intervals (ICIs) in South Africa (Hrabar & Toit 2005). Reintroductions into areas 

with low estimated carrying capacity, which is largely based on the amount of browse 

available (Adcock et al. 2007), exhibit much higher mortality rates than projects where black 

rhinos are reintroduced into areas of high estimated carrying capacity (Linklater et al. 2012). 

Previous work would therefore suggest that it is the amount of browse available, rather than 

nutritional differences in available plants, which is important for rhino breeding success. 

However, the methods employed in these studies may have limitations, outlined in chapter 2, 

which may affect the results and there is little work that connects fine-scale dietary 

composition to breeding performance. Looking at broad scale browse availability may mask 

dietary preferences and whether there are plant species which black rhinos prefer to eat that 

give rise to better gut health and fitness.  
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Black rhino microbiome  

Black rhinos are hindgut fermenters and have digestive morphology and physiology adapted 

to the ingestion of high-fibre and low-nutrient plants which are difficult to digest (Clauss et 

al. 2006; Muegge et al. 2011). The fermentation chambers in their guts house microbes which 

produce enzymes that can break structural plant polysaccharides down (Mackie 2002), 

including cellulases, hemicellulases and pectinases (Hanning & Diaz-Sanchez 2015). In this 

symbiotic relationship the microbes provide fatty acid metabolites to the host, which are a by-

product of fermentation and make up a significant portion of the host’s energy uptake (West 

et al. 2019).  

In black rhinos, certain gastrointestinal bacteria have been associated with pathogenicity and 

death. In 2010, nine individuals died on Ol Jogi Conservancy from clinical clostridial 

enterotoxaemia. This was attributed to Clostridium perfringens type A, the pathogenicity of 

which was thought to be brought on by a long period of drought followed by high rainfall 

(Ndeereh et al. 2012). Identifying healthy and unhealthy microbiomes is a challenge, and 

knowledge of the exact function of particular microbial taxa is often lacking, which makes it 

difficult to say whether certain taxa, or certain characteristics of the microbiome including 

richness, evenness and β-diversity, are positive or negative (Olesen & Alm 2016). Some taxa 

are potentially pathogenic, but only become so in certain conditions (Xu et al. 2018) which 

means that identifying their presences does not mean that they are exhibiting negative effects.  

In black rhinos, microbiome studies have mostly focused on the health of captive individuals 

(Roth et al. 2019), but some have investigated associations with breeding success. It has been 

found that four relatively rare genera (Aerococcaceae, Atopostipes, Carnobacteriaceae and 

Solobacterium) are significantly positively associated with breeding success in captive rhinos 

(Antwis et al. 2019). A comparison of wild and captive black rhinos showed that captive 

black rhinos have microbiomes more similar to ruminant domesticated livestock and may 

experience dysbiosis resulting from the diet they receive in captivity. Captive individuals 

have lower proportions of bacteria involved in the breakdown of plant materials and higher 

proportions of glycolysis and amino acid synthesis pathways, suggesting that they receive 

enough starch but insufficient necessary macro- and micronutrients (Gibson et al. 2019).  

Black rhino nemabiome 

There is little work on the nematode community present in black rhinos. The most obvious 

nematode which infects black rhinos is Stephanofilaria dinniki, which contributes to causing 
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the lesions on the skin of the flanks of black rhinos (Round 1964). Black rhino 

gastrointestinal nematode communities are dominated by strongyles (suborder Strongylida) 

of genera Kiluluma and Khalilia as well as Probstmayria vivipara (Penzhorn et al. 1994; 

Knapp et al. 1997). Host density was found to be the only factor which predicted parasite 

abundance across 18 populations of South African black rhinos, but it is uncertain what 

impact nematodes have on the hosts, with parasite abundance found to have no impact on 

body condition or the size of sexual dimorphisms (Stringer 2016).  

Unlike other animals of conservation concern, there are no closely related domestic species 

which can be used as a model. The mostly closely related one that is often used is the horse 

(Equus caballus), another hind-gut fermenting odd-toed ungulate.  For example, horses are 

affected by acute larval cyathostominosis, a pathogenicity brought on by heavy burdens of 

cyathostomin strongyles, which causes a range of gastrointestinal symptoms and up to 50% 

mortality rate (Peregrine et al. 2006). An outbreak in a herd of mixed breed horses was 

shown to cause chronic active systemic inflammation, and to have an impact on the 

gastrointestinal microbiome (Walshe et al. 2020). This highlights that the interactions 

between the microbiome and nemabiome are important. Compared with clinically normal 

individuals, the alpha-diversity of the faecal microbiome of affected horses was significantly 

lower, whereas the β-diversity was higher (Walshe et al. 2020). This finding suggests 

interactions between the microbiome and nemabiome of odd-toed ungulates and supports the 

Anna Karenina hypothesis (Zaneveld et al. 2017). In this case, nematode pathogenicity 

causes changes in the microbiome, but stochastically and not in a uniform way, so increased 

β-diversity of the microbiome indicates dysbiosis and can be used as a biomarker.  

1.4 The aims and role of black rhino conservation 

Whilst black rhinos are often considered inherently valuable, and are conserved for their own 

sake, they are also important beyond this. Megaherbivores fulfil important ecological roles 

including selective herbivory and trampling (Owen-Smith 1992; van Wieren et al. 2008), 

seed dispersal (Campos-Arceiz & Blake 2011; Poulsen et al. 2013) and nutrient cycling 

(Doughty et al. 2016).  

Alongside this, and arguably more importantly, black rhinos have important roles as a 

charismatic icon in modern conservation. The attention black rhinos receive (Home et al. 

2009) can be leveraged for the fundraising and the protection of other species. Black rhinos 

act as a flagship species (Williams et al. 2000), defined as ‘a popular charismatic species that 
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serves as a symbol and rallying point to stimulate conservation awareness and action’ 

(Heywood 1995) and an umbrella species, defined as ‘species with large area requirements, 

which if given sufficient protected area, will bring many other species under protection’ 

(Noss 1990; Caro 2003; Roberge & Angelstam 2004). Large bodied species are more 

effective for this because they tend to have larger home ranges (Williams et al. 2000; 

Roberge & Angelstam 2004) and black rhinos are named as umbrella species in KWS 

management plans (KWS 2012).  

How black rhinos are conserved is therefore important for wider conservation. Alongside 

this, as a charismatic species, they attract a large amount of funding and much attention. 

Novel methodologies of conservation are often used first on such charismatic species. For 

black rhinos, this includes anti-poaching security technologies (Duffy 2014) and financial 

instruments such as the focus of schemes such as the Rhino Impact Investment Project (ZSL 

2019). One of the important aspects of these novel programmes is the integration of 

historically in situ and ex situ methodologies and black rhinos are an excellent model which 

can be used to study the implications of this. 

1.4.1 Black rhinos in zoos 

Black rhinos are among the group of ‘charismatic megafauna’ (Lorimer 2007; Berti et al. 

2020). These species receive a great amount of public interest (Moss & Esson 2010), attract 

donations to conservation organisations (Colléony et al. 2017) and are historically 

cornerstones of popular zoo collections (Skibins et al. 2017; Brereton & Brereton 2020). 

Black rhinos are one of the species which are thought to attract visitors to zoos (Moss & 

Esson 2010; Skibins et al. 2017). There is evidence that this flagship approach is successful 

to some extent, as zoos with large animals achieve higher number of visitors and contribute 

more to the conservation of free-living conservation projects (Mooney et al. 2020) and people 

donate more money to charismatic species (Colléony et al. 2017). Whilst fundraising, 

research and conservation breeding are all used as justifications to keep black rhinos in zoos, 

there are ethical debates about captive breeding (Braverman 2014b) and practical concerns 

over its value for conservation (Smith & Hutchins 2000). This is particularly the case for 

large-bodied and wide-ranging species (Balmford et al. 1995, 1996; Clubb & Mason 2003; 

Hosey et al. 2020). Captive black rhinos experience several health issues not described in 

free-ranging populations (Dennis et al. 2007) including iron overload syndrome (Olias et al. 

2012), and differences in gut microbiome have also been found (Antwis et al. 2019; Gibson 

et al. 2019) 
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Due to their popularity in zoos and the crashes in African populations due to poaching, zoos 

hold a significant portion of the global population of black rhinos, 187 individuals according 

to the Species360 Zoological Information System (ZIMS) (ZIMS 2021). Some of the earliest 

cooperative breeding programmes in zoos were focused on rhinos (Foose & Wiese 2006). 

Europe and North America have particularly well-developed programmes for breeding rhinos 

which have traditionally been justified as insurance populations, protected in zoos in case of 

extinction in the wild (Farhadinia et al. 2020), sources for reintroductions and ‘ambassadors’ 

to raise money and awareness for the conservation of free-ranging populations (Foose & 

Wiese 2006). Whilst the utility of zoo populations of large animals for reintroductions is 

disputed (Gilbert et al. 2017), five black rhinos were translocated from European zoos to 

Rwanda in 2019 (Martin 2019). This species is therefore an ideal model to use to study the 

integration of in situ and ex situ conservation through frameworks including the One Plan 

Approach. 

Implications for black rhino and large herbivore conservation 

For black rhinos and other species, the increasing prominence of approaches which will 

increase the management of species in situ raises some important questions for the aims of 

conservation. The OPA is a great example of these approaches and can be used to test 

attitudes towards such a framework. The options for defining the successful conservation of 

rhinos vary massively (Section 1.1.4). The implementation of frameworks such as the OPA 

may constrain which aims are possible. The emergence of such approaches necessitates that 

the importance of wildness to modern conservation, and other implications of these 

frameworks, is interrogated in order to identify any detachment between perceived aims and 

contemporary methodologies. Another potential objection to the implementation of the OPA 

is the increased role it will give to zoos in field conservation, as they will often be one of the 

stakeholders involved in drawing up these conservation plans. As well as approaches which 

may decrease the prominences of wildness in conservation, another important challenge in 

conservation is how it is funded, as summarised in section 1.1.4.  

1.5 Objectives and chapters 

The first objective of this thesis is to establish the differences in breeding performance and 

survival between individuals and populations and investigate the importance of individual 

variation to population performance. I do this using demographic data collected by the 

reserve management teams on the three focus reserves as part of the monitoring of their black 

rhino populations in chapter 3. I then use metabarcoding along with other analyses to study 
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the diets, microbiome and nemabiome of individuals with varying breeding success across 

the three populations. The data are used to connect environmental variables, such as rainfall 

and tree cover, with demographic metrics to see if variations in diet and gut health drive 

variation in breeding success (Chapter 4)  

The second objective of this thesis is to interrogate the role of species-focused work, and 

intensive management of particular species, in the future of conservation. I use the OPA as an 

example of the integration of in situ and ex situ conservation and the increasing level of 

intervention in situ. In chapter 5 I use case studies to show how it can succeed and fail, and a 

list of Endangered and Critically Endangered species to assess how widely applicable it will 

be. In chapter 6 I assess whether the aspirations of people who are vital to conservation differ 

from the direction of travel of its practice in terms of wildness, the role of zoos and funding 

sources. Finally, chapter 7 discusses the proposition that there is no eternal ‘Nature’ that is 

separate from society and can be objectively described by science, and the role that species 

conservation has in preventing the future of the field being dominated by powerful and 

capitalist interests. 
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This thesis employs a range of methodologies to achieve the objectives set out in Chapter 1. 

Here, I critically evaluate the methodologies and sources of data available, justify the use of 

the ones I have chosen to employ, and demonstrate the efforts made to mitigate their 

limitations. 

2.1 Vital rates, population models and population viability analysis 

2.1.1 Study populations  

My research focuses on the black rhino populations of three different reserves in Kenya. The 

choice of reserves, and the number of study populations was a trade-off between the amount 

of data needed with time and cost. The three chosen reserves are relatively close together, 

which allowed me to collect dung samples from all three within one trip, but present 

differences in habitat and environment to test whether these impact on rhino gut health and 

population performance. These reserves lie within the Ewaso ecosystem of northern Kenya, 

which is defined as the extent of the upper drainage basin of the Ewaso Nyiro and Ewaso 

Narok rivers which confluence in Laikipia county, and encompasses the migration routes of 

the area’s elephants (Loxodonta africana) (Georgiadis 2011). This includes the entirety of 

Laikipia County and parts of Samburu, Meru, Isiolo, and Marsabit counties (Figure 2.1). 
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This area is exceptional as it has managed to maintain a community of large mammals, 

including elephants, Grevy’s zebra (Equus grevyi), lions (Panthera leo) and African wild 

dogs (Lycaon pictus) in a largely unfenced landscape (Didier et al. 2011; Georgiadis 2011). 

However, the poaching pressure faced by black rhinos means that they are maintained on 

fenced reserves even in this landscape, with special gaps which allow the migration of all 

large mammal species other than rhinos. The three study reserves (Figure 2.2.) are private 

rhino sanctuaries and members of the Association of Private Land Rhino Sanctuaries 

(APLRS).  

Figure 2.1 The Ewaso ecosystem. Protected areas are outlined in white: 1, Samburu National 

Reserve (NR); 2, Shaba NR; 3, Buffalo Springs NR; 4, Mount Kenya National Park (NP); 5, 

Aberdare NP; 6, Karisia Hills Forest Reserve (FR); 7, Maralal FR; 8, Matthews Range FR;9, 

Loisai NR; 10, Ndoto Mountains FR. Major rivers are: 11, Ewaso Nyiro; 12. Ewaso Narok. 

Figure from from Georgeiadis 2011  
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Lewa Wildlife Conservancy in Meru County (0.20°N, 37.42°E) founded a 20km2 rhino 

sanctuary in 1983, which expanded to the current extent of 250km2 in 1995. The vegetation 

community is dominated by Vachellia (Acacia) drepanolobium wooded grassland (Figure 

2.3a) (Adcock et al. 2007; Giesen et al. 2007). Lewa is bordered by the Il Ngewsi 

Community Trust Conservancy, the Ngare Ndare Forest and the Borana Conservancy, which 

form part of the same conservation landscape. Rhinos are able to move in and out of the 

Ngare Ndare Forest and Borana, as the fence between Borana and Lewa was removed in 

2015.  

Ol Pejeta Conservancy is sited in Laikipia Country (0.02°N, 36.90°E). It founded a 360km2 

rhino sanctuary in 1988. The primary vegetation communities are grassland, V. 

drepanolobium wooded grassland and Euclea divinorum thicket (Figure.2.3b) (Adcock et al. 

2007; Kavwele et al. 2017).  

Ol Jogi Conservancy in Laikipia County (0.32°N, 36.98°E) was established as a 235km2 

rhino sanctuary in 1980. The vegetation community is dominated by wooded grassland 

habitat with mixed species woodland/thicket and a smaller proportion of V. drepanolobium 

(Figure 2.3c) (Adcock et al. 2007).  

Figure 2.2 The position of the three study reserves in Kenya 
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Figure 2.3 The distribution of vegetation types on each of the three study reserves a) Lewa Wildlife Conservancy b) Ol Pejeta Conservancy c) Ol Jogi 

Conservancy. Figure from Adcock et al. (2007) 
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2.1.2 Demographic data collection 

Private land sanctuaries have a number of responsibilities for monitoring and managing their 

rhino populations and reporting this to the Kenya Wildlife Service (KWS). These include 

individual identification using ear notch patterns, recording of births, deaths, imports and 

exports and the collation and archiving of this data. The monitoring of black rhino 

populations is vitally important in the prevention of poaching. Security and ranger teams aim 

to find each rhino daily and after a few days without seeing a particular individual, staff are 

mobilised to find them. Dates of births and deaths are therefore accurately recorded and 

causes of deaths can often be identified. There are also accurate records of the birth dates of 

imported individuals, provided by the source reserve, allowing their ages to be known. 

Due to these monitoring requirements, high quality demographic data are available for all 

three reserves. Black rhino calves usually stay with their mothers until the cow calves again, 

on average around 2.5-3 years (Owen-Smith 1992; Hrabar & Toit 2005) so maternity is 

certain. However, paternity is usually very difficult to assign with any confidence without 

genetic sequencing (Garnier et al. 2001; Cain et al. 2014), as mating can be unobserved by 

monitoring teams, and females do not always mate with just one male during oestrus.  

Data are available for the periods 1984-2019 for Lewa, 1980-2019 for Ol Jogi and 1990-2019 

for Ol Pejeta. These data were not only useful for the population model, but also as 

independent variables in chapter 4 to explore if variation in female breeding success can be 

explained by differences in diet and gut health. For these analyses, the breeding data had to 

be processed to give accurate estimates of historical breeding success. Intercalving intervals 

(ICIs) can be skewed towards shorter periods by early calf deaths, as calf mortality can cause 

females to mate, and therefore calve, earlier than they would have done otherwise (Garnier et 

al. 2002). The measure of reproductive success I used was yearling rate, defined as the annual 

rate which females over the age of five produced calves who survived to one year old. Five 

years old was chosen as it is the earliest that females can begin to reproduce (Law et al. 

2015). Gedir et al. (2018), in their study of the success of black rhino translocations, utilised a 

metric called offspring recruitment rate that defined a recruit as a calf that survived to four 

years old, the earliest possible age of sexual maturity. I chose a cut-off of calf survival to one 

year old because mortality rates fall sharply after this age and calves become less dependent 

on their mothers (Chapter 3). The purpose of using this metric was to estimate breeding 

success of mothers, and not survival rates of calves. As calves age, a death event is less likely 

to be dependent on the mother’s quality, and more dependent on that of the calf. An age of 
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one year old was considered to be appropriate to capture breeding success and the ability of 

the female to successfully raise calves, bust mostly exclude individual differences in calf 

quality, in line with other work conducted in South Africa (Hrabar and du Toit 2005). 

2.1.3 Population viability analysis 

Chapter 3 presents a population viability analysis (PVA) of the three black rhino populations. 

The demographic data available for these rhino populations can be used to construct 

population models which are valuable tools in assessing extinction risk.  

A key challenge for PVAs is the quality of demographic data used to parameterise them. A 

recent appraisal found that only 18% of PVAs were of high quality with appropriate data, 

parameters, and underlying assumptions relating to life-history and population dynamics 

(Chaudhary & Oli 2020). The high quality of the dataset used in this thesis is very rare for 

free-living populations and offers an excellent opportunity to investigate the importance of 

individual variation in breeding success to overall population performance in populations of a 

species of conservation concern. Complete female breeding histories allowed me to assign 

each female different reproductive values and investigate whether this reproductive skew 

impacts on the viability of populations. This may be of particular importance when the 

population is also affected by poaching. This research is not only important for black rhinos, 

but also for the conservation of small populations more generally. 

Limitations to previous black rhino models 

Demographic data can be used to build aggregate models which pool breeding and mortality 

data from individuals to assess which factors affect overall vital rates. Previous black rhino 

population dynamics studies have used linear regression analysis to assess the fit of models 

which use factors such as density and environmental variables to explain overall population 

growth (Hrabar & Toit 2005; Okita-Ouma et al. 2010). These models aggregate demographic 

data and are deterministic, so do not capture individual variation and stochasticity and may 

also fail to capture non-linear trends.  

Models can also be individual-based, modelling the fate of each individual separately over 

time separately. These individual-based models can be divided into matrix population models 

(Caswell 2000) or integrated population models which often use mark-recapture-recovery 

data that give estimates of population size, structure and vital rates and indirectly estimate 

parameters using a population projection and other data sources (Besbeas et al. 2002; Schaub 

& Abadi 2011). 
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Previous black rhinos studies have utilised stage-based transition matrix models (Brodie et al. 

2011; Edwards et al. 2015; Law et al. 2015). By grouping individuals into stages, some 

resolution is lost and conclusions about the importance of different ages are generalised over 

a range. Due to the completeness of this dataset, I could directly calculate required 

parameters, and construct an age-specific model, which does not rely on indirect estimates 

using an integrated model and does not group ages into stages.  

Limitations to the available data and assumptions 

Whilst the demographic data I used are of very good quality, there were limitations to it, and 

the PVA methodology in general. The model presented in chapter 3 is a female-only model. 

There is strong skew in male breeding success amongst black rhinos (Garnier et al. 2001; 

Cain et al. 2014). The concentration of breeding activity in relatively few males suggests that 

there is often unused male breeding potential in black rhino populations and so population 

performance is unlikely to be limited by the density of males. Female-only models are 

appropriate for projections of future population growth and estimates of extinction risk under 

different scenarios, and this method is sufficient for the purposes of this thesis Whilst black 

rhino breeding is unlikely to be limited by male density except in extreme circumstances, the 

assumption that males have no impact on the growth of a population may rarely be truly valid 

(Caswell 2000). A more complete model would include males, but I was restricted by the 

availability of data as paternity is difficult to assign without genetics. Population sex ratios 

have been shown to affect survival (Gedir et al. 2017) and offspring sex ratio (Linklater et al. 

2017). The inability to include males in the model means that some population dynamics 

driven by the presence of males will be missed. However, a female-only model is sufficient 

to study the impact of female breeding variation on population dynamics. 

The available dataset spanned a long time period and was remarkably complete, but the 

relatively small number of individuals used to calculate vital rates meant that mean raw age-

specific data may not be representative of vital rates. I therefore used generalised additive 

models (GAMs) (Wood 2011) to estimate age-specific vital rates. These are semi-parametric 

extensions of generalised linear models (GLMs) which do not rely on the assumptions that 

linear models and generalised linear models do (Hastie & Tibshirani 1990). Important here is 

that the relationships between variables are not restricted to any particular shape. Despite this, 

as with any modelling approach, it is a simulation of reality and its quality depends on the 

input data and whether it meets certain assumptions. Primarily, these models need to be tested 

for uniformity and under/overdispersion (Hartig 2018). Model selection and tests of the 
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distributional assumptions were used to ensure that the GAMs were sufficient for the 

purposes of this model.  

PVAs also rely on assumptions about the populations being studied. The key assumptions in 

chapter 3 were estimates of both density dependence and environmental stochasticity. 

Incorporating environmental stochasticity often relies on assumptions of its magnitude and 

importance for a particular population (Lande et al. 2003). Without long term and complete 

datasets, the magnitude of temporal variances in vital rates depending on environmental 

variations is often a ‘best guess’ based on what is thought to be correct for the type of species 

(McGowan et al. 2011). This can give misleading predictions because of the importance of 

stochastic factors in predicting extinction risk (Melbourne & Hastings 2008). The 

completeness of this dataset allowed me to calculate the variance in breeding and mortality 

rates for all individuals over time and use this to estimate environmental stochasticity. I could 

then incorporate this into the PVA. Despite the fact that this estimate was based on data, it 

still relied on some assumptions. Firstly, I assumed that breeding and mortality rates are 

affected independently. Comparing the rates of mortality and fecundity over time, this was 

reasonable and there was not sufficient evidence of the impact of environmental variability 

on vital rates for me to confidently modify this assumption (Figure 2.4). 
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Figure 2.4 Fecundity and mortality rates on Ol Pejeta over time a) The proportion of females of 

breeding age which bred every year b) The proportion of all females which died every year 
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Secondly, all individuals were assumed to be affected to the same extent by environmental 

stochasticity. This implies that if an environment is stressful for an individual in one year, 

then it is likely to be equally stressful for other individuals. It is possible that individual 

quality mediates the impact of environmental changes, which would violate this assumption. I 

did not include this in the model as again there was insufficient evidence to allow me to 

estimate this accurately. Finally, future variation was assumed to be similar to past variation. 

This is almost always assumed for PVAs but, in the face of climate change and other 

processes, is unlikely to be completely valid. 

Another common limitation in PVAs, and one that I also faced, is uncertainty in the 

estimation of ecological carrying capacity (ECC) and the way that density dependence acts 

on a population. In African savanna, a very variable environment (Shorrocks & Bates 2014), 

the concept of a fixed ECC can be misleading (Owen-Smith 2001). Black rhinos are 

considered to be highly selective browsers (Lush et al., 2015) and there is no simple 

relationship between the amount of tree cover found on a reserve and the carrying capacity of 

that reserve. Research into black rhino demography has primarily focused on populations 

recovering from poaching (Brodie et al. 2011) or shortly after founding and reintroductions 

(Hrabar & Toit 2005, Linklater & Hutcheson 2010, Linklater et al. 2012, Gedir et al. 2017). 

Larger populations in more extensive conditions are challenging to study due to the 

difficulties of monitoring a low density species which prefers wooded habitat (Walpole et al. 

2001; Ferreira et al. 2011). As such, it is difficult to study dynamics such as density 

dependence in black rhino populations because populations may not be at a density where it 

has begun to take effect. Exponential growth models have been used for some populations 

(Okita-Ouma et al. 2010; Law et al. 2015) while others have demonstrated positive 

correlations between density and breeding performance (Hrabar & Toit 2005). 

I have estimated ECC, the action of density dependence and environmental stochasticity 

using the available literature (McCullough 1992; Cromsigt et al. 2002; Emslie et al. 2009). 

Despite this, it is worth noting that the PVA is dependent on the estimations of these 

parameters to a certain extent, although incorporating them in different ways did not hugely 

affect the interpretation of the model. During the construction of the model, various 

mathematical relationships between population size and vital rates were tested as ways of 

including density dependence and environmental stochasticity in the model.  
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Originally density dependence and environmental stochasticity were included separately. For 

density dependence I first tried deterministic decreases in vital rates above a certain density. 

This option gave populations which settled at a stable carrying capacity, which is not 

observed for black rhinos, populations of which can at least temporarily increase above the 

ECC (McCullough 1992).  Environmental stochasticity could have been estimated using the 

standard deviation of the GAMs’ random effects, but the standard deviation of vital rates over 

time was considered to provide a more biologically meaningful estimation, as it came directly 

from variations in these vital rates. Combining density dependence and environmental 

stochasticity, by increasing stochasticity above 75% of ECC reflects the variable nature of the 

African savannah as a habitat (McLeod 1997; Shorrocks & Bates 2014). Truncating the 

distribution which was used to select the exact value of stochasticity every year prevented 

unrealistic jumps in population size. Projections were also run with different ECCs for each 

reserve and were found not to be a controlling factor of the observed patterns. For example, 

projections were run with no reproductive skew using Ol Jogi vital rates but the starting 

population structure and carrying capacity of Ol Pejeta. Ol Pejeta’s female starting population 

size was 71 and the estimated ECC was 70, compared to 28 and 45 for Ol Jogi. The mean 

population size of this projection was significantly lower than for the Ol Pejeta projection, at 

around 54 after 100 years compared to 135 for Ol Pejeta.  

Even when the data and understanding of the study system are excellent, predictions of future 

behaviour of populations rely on the assumption that future conditions will be the same as 

those used to parameterise the models. However, if done properly then PVAs can be accurate 

(Brook et al. 2000) and are crucial to both ecological understanding and conservation 

planning (Doak et al. 2015). I have attempted to adhere to the characteristics of top-

performing PVAs as set out by Chaudhary & Oli (2020): thoroughly described life history of 

study species and clearly stated study objectives; estimations of model parameters using 

statistically robust analysis of best available data sets and adequate descriptions of methods 

of data collection and analytical approaches used to estimate model parameters; development 

of a model tailored to the study species’ life histories; rigorously estimated demographic 

parameters using the best available data; adequate considerations of stochasticities, density 

dependence, and external factors which may influence population dynamics and persistence; 

perturbation analysis; unambiguous definition and reporting of estimates of population 

growth; and discussion of model limitations. 
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2.2 Non-invasive methodologies to study gut health in free-living populations 

2.2.1 Fieldwork 

When working with threatened species, it is vital to ensure that research minimises the stress 

which it exerts on individuals. Sedation and capture cause physiological stress and pose risks 

to the health of animals (Behringer & Deschner 2017). As such, non-invasive methods have 

been developed which allow samples to be collected for conservation-relevant biological 

research but do not disturb the target animals. I define non-invasive after Pauli et al. (2009) as 

a methodology where ‘animals are unrestrained and do not exhibit a chronic or severe stress 

response or experience reduction in survival or reproduction’. Often, my sampling was also 

unperceived where ‘animals are unaware of sampling and, therefore, are unaffected by it’ 

(Pauli et al. 2010). I was sometimes perceived by the rhinos, but this was no different to the 

security patrols, ranger teams and tourist cars which also travel around the reserves. 

Non-invasive sampling often relies on the collection of urine, faeces, hair or feathers (Kersey 

& Dehnhard 2014). As I was studying gut health, faecal samples were most appropriate for 

this thesis, and they can provide a wealth of information for studying wild mammals (Kohn & 

Wayne 1997). In order to collect these, I worked closely with the research, management and 

security teams on each reserve, tracking rhinos with the help of rangers and collecting faecal 

samples. Most samples were collected in the early morning or late afternoon and early 

evening. Due to the security and monitoring activities on the three reserves, each rhino is 

known by name and it is possible to estimate their location on a particular day. This means 

that it is possible to collect faecal samples from known individuals and the communication 

between rangers and the security offices means that the approximate position of individuals is 

constantly updated. 

As much as possible, I collected dung which was observed being excreted.  Black rhinos 

often defecate repeatedly in the same places, creating piles of dung named ‘middens’.  There 

are several of these middens in an individual’s home range and several individuals may use 

each one. Middens are thought to advertise the territories of males and the sexual status of 

females (Freeman et al. 2014). The presence of varying ages of dung, potentially from 

different individuals, means that particular care must be taken when collecting dung samples 

to ensure that only fresh dung from the target individual is collected. 

The use of middens, and the constant updates of which rhinos have been seen in which 

places, mean that dung which has not been observed being excreted can often be attributed to 
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a particular individual. Black rhino dung is characterised by large boluses, approximately 10-

15cm in diameter, which makes it easy to tell apart from the pats of African buffalo 

(Syncerus caffer) and the small boluses of giraffe (Giraffa spp) and antelope species. It can 

look similar to both white rhino (Ceratotherium simum) and African elephant dung but can be 

distinguished from both. White rhino dung is almost totally composed of grass whereas black 

rhino dung is made up mostly of branches, twigs and thorns (personal observations). 

Elephants consume a lot of browse but their dung is often more cylindrical rather than 

spherical and black rhinos leave a characteristic 45 degree cut on twigs that they have 

consumed. Black rhinos have no incisors or canine teeth and cut browse with either the pre-

molars or molars, and this cut is considered to be diagnostic of their browsing (Kotze & 

Zacharias 1993).  

In order that they could be used for metabarcoding and faecal egg count analyses, only 

samples which I was certain were less than 6 hours old were collected. I collected all the 

fresh black rhino dung which I came across and recorded the confidence to which it could be 

assigned to a particular individual. Only those samples which could be assigned to particular 

individuals with a high degree of confidence were included in the analyses. 

Samples were collected over two field seasons, between June – July 2018 and January – 

March 2019. These periods were chosen as the former is generally part of the wet season in 

this area of Kenya, and the latter is a dry season (Adcock et al. 2007). 226 samples were used 

for the metabarcoding analysis, 73 from Lewa, 53 from Ol Pejeta and 100 from Ol Jogi. 

Samples were taken from 88 different individuals.  

2.2.2 Sample storage 

Ideally, when conducting DNA analyses, native dung samples should be frozen at -20°C as 

soon as possible after collection and only defrosted just prior to DNA extraction (Antwis et 

al. 2019). However, freezing facilities were not available on Ol Pejeta and Lewa and only at 

Mpala Research Centre, which was my base while working at Ol Jogi. When freezing is not 

possible, the best alternative is storing faecal samples in ethanol, which has been shown to be 

the most effective of several tested methods at preserving DNA, and validated for up to six 

months (Murphy et al. 2002). All samples were stored in 8ml of 100% ethanol in vortex tubes 

during the field season up to a maximum of nine weeks. These tubes were then stored at -

20°C until DNA extraction.  
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2.2.3 Proximate diet analysis 

Previous work which tests the nutritional quality of rhino diets has often measured soil 

nutrient content (Okita‐Ouma et al. 2021). This work does not account for the uptake of 

nutrients by plants and does not measured nitrogen (N) and phosphorus (P), thought to be 

vital for browsers. Other work has directly measured the nutrient content of plants which are 

selected by rhinos (Muya & Oguge 2000; van Lieverloo et al. 2009). However, testing the 

nutritional content of plants directly does not accurately give a measure of dietary quality 

because it is difficult to accurately measure these in the proportion in which they are selected 

(Cook et al. 1994). Instead, measuring the chemical composition of faecal samples has been 

shown to give an accurate estimate of diet and range quality (Erasmus et al. 1978; Wrench et 

al. 1997; Grant et al. 2000).  

First of all, samples were ground into a powder. Dietary fibre content, N and P are most often 

used as indicators of forage quality (Wrench et al. 1997; Grant et al. 2000). The analyses I 

conducted were constrained by those that were available at the International Livestock 

Research Institute (ILRI) in Nairobi, Kenya. The lab there was able to measure Neutral 

Detergent Fibre (NDF) and Acid Detergent Fibre (ADF). As different samples have different 

moisture contents, this nutrient analysis should be expressed as a percentage of dry matter, 

which allows for different samples to be directly compared. Water was removed by drying 

the samples in an oven at 105°C overnight and the percentage of dry matter is calculated 

(AOAC 1990).   

NDF indicates the amount of ‘bulk’ structural carbohydrates of the plants, including 

hemicellulose, cellulose and lignin. In order to measure this, samples were digested with a 

neutral detergent solution of sodium dodecyl sulphate and ethylene diamine tetra acetic acid 

(EDTA) and the cell contents soluble in neutral pH were then extracted and retained by 

filtration (Van Soest et al. 1991). ADF shows the least digestible plant components, mainly 

cellulose and lignin, and it is mainly NDF minus hemicelluloses. This was measured by 

dissolving the product of the NDF analysis using cetyl trimethyl ammonium bromide 

(CTAB) (Van Soest et al. 1991; Van Soest 1996). Generally, low values of both are desired 

as they indicate more digestible diets. A combination of the two measures can be used to 

calculate relative feed value (RFV), a metric used widely in the livestock industry (Jeranyama 

& Garcia 2004), using the formulas below: 
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𝐷𝐷𝑀 = 88.9 − (0.779 𝑥 𝐴𝐷𝐹) 

𝐷𝑀𝐼 = 120/𝑁𝐷𝐹 

𝑅𝐹𝑉 =
(𝐷𝐷𝑀 𝑥 𝐷𝑀𝐼)

1.29
 

𝐴𝐷𝐹 = 𝐴𝑐𝑖𝑑 𝑑𝑒𝑡𝑒𝑟𝑔𝑒𝑛𝑡 𝑓𝑖𝑏𝑟𝑒,  

𝐷𝐷𝑀 = 𝐷𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑙𝑒 𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟,  

𝐷𝑀𝐼 = 𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 𝐼𝑛𝑡𝑎𝑘𝑒,  

𝑁𝐷𝐹 = 𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑑𝑒𝑡𝑒𝑟𝑔𝑒𝑛𝑡 𝑓𝑖𝑏𝑟𝑒, 

𝑅𝐹𝑉 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐹𝑒𝑒𝑑 𝑉𝑎𝑙𝑢𝑒  

 

This calculation provides a metric where the higher the value, the more digestible the diet, 

and a diet of maximum digestibility would have a value of 100. This metric is designed for 

dairy cows fed on an alfalfa-based diet so the number itself will not be that important but the 

variation in the value does provide an indication of difference in digestibility.  

The other measures of diet quality I was able to measure were carbon (C) and N content 

using the flash combustion technique (Campbell & Plank 1992). Samples were dried at 60 

degrees overnight, 200mg were weighed into 5ml steel crucibles and run through the Vario 

Max cube CN analyzer. Crude protein content can be calculated from the N content of the 

samples based on the observation that all proteins contain about 16% N.  

The limitations of this analysis are that other nutrients, mainly P, are important to the quality 

of herbivore diets (Grant et al. 2000), including black rhinos (Landman et al. 2013). I was not 

able to measure other nutrients due to the analyses available at the International Livestock 

Research Institute (ILRI) in Nairobi. However, RFV and crude protein together can provide a 

good indicator of the diet quality of the rhinos.  

The sampling protocol used repeated measures and was nested by individual. 90 samples 

were analysed for their nutritional content, 30 from each reserve and from 49 different 

individuals. 75 of these samples were also included in the metabarcoding analysis. 

2.2.4 Faecal egg counts 

Faecal egg counts (FECs) are a method of estimating the gastrointestinal parasite burden of 

an animal, and usually employed to estimate the burden of gastrointestinal helminth parasites, 

and primarily strongyle nematodes (Coulson et al. 2018). They are commonly used in 

veterinary assessments of domestic species (Cringoli et al. 2004) and are a robust measure of 
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parasite burden as they have been shown to be repeatable from the same individual over time 

(Scheuerle et al. 2016) and are not affected by the time of day the sample is collected (Rinaldi 

et al. 2009).  

It has been shown that there is a strong positive relationship between FECs and parasite 

burden in studies where autopsies on domestic species were possible (Roberts & Swan 1981; 

Rieu et al. 2007). They are therefore a reliable measure of the intensity of infection 

(Swarnkar et al. 2000; Seivwright et al. 2004). However, a high frequency of false negative 

results means that they are not particularly useful for identifying whether an individual is 

infected with a particular parasite (Meana et al. 1998; Traversa et al. 2008) or indicating 

disease process (Walshe et al. 2020). I therefore utilised FECs not as an indicator of disease, 

but as a general measure of parasite burden, which could be incorporated into our analyses in 

concert with other data sources. In black rhinos, FECs almost solely estimate the burden of 

gastrointestinal strongyles, along with lower amounts of cestode eggs (Stringer et al. 2014). I 

did observe some cestode eggs in prepared samples, but these were not present in densities 

sufficient to be included in analyses. 

Stringer et al. (2013) tested FEC methodologies in black rhinos in order to reduce sampling 

error. I followed the sample collection protocol which the authors identified as optimal. This 

includes consistently collecting faeces from the centre of boluses and conducting FECs on 

fresh dung within 6 hours of defecation. FECs were carried out using a modified McMaster 

technique (Zajac & Conboy 2012) using a saturated sodium chloride salt solution, at a sample 

dilution of 1:14, for flotation. The number of eggs within both grids of a McMaster slide were 

then counted, giving an analytical sensitivity of 50 eggs per gram (EPG) of faeces. The 

method chosen was a trade-off between reliability, as demonstrated for gastrointestinal 

strongyles in sheep (Cringoli et al. 2004), and the availability of both time and reagents. 

Sodium chloride was chosen because it is easily available, and whilst it floats fewer 

gastrointestinal strongyle eggs than other flotation solutions, it has been shown to result in 

good flotation numbers and alternatives contain reagents which were difficult to source 

(Cringoli et al. 2004). A dilution factor of 1:10 has been shown to give a higher reliability 

than 1:15 (Cringoli et al. 2004), but 1:14 was chosen to be consistent and comparable with 

previous work carried out in the lab group on other species. Eggs were counted in two grids, 

a total of 0.3ml of solution. This has a lower reliability coefficient than using the full 1.0ml of 

the McMaster slide (Cringoli et al. 2004). However, I obtained up to six samples during some 

sampling sessions and found that I could not conduct all the processing within the time limit 
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imposed by degradation. Counting the eggs in two grids was therefore chosen as a 

compromise. 

2.2.5 Metabarcoding: Diet, nemabiome and microbiome  

Limitations to other methods of studying black rhino diets 

The methods of studying rhino diets which are usually utilised, namely observational studies 

where researchers follow individual rhinos and record the bites that they take (Hall-Martin et 

al. 1982), feeding track studies where researchers observe plants with damage characteristic 

of black rhino browsing (Kotze & Zacharias 1993; Buk & Knight 2010; Jackson 2018) and 

microhistological analysis of faeces (Malan et al. 2012; Landman et al. 2013) all have their 

limitations. Observational studies can also only take place during the day, and black rhinos 

are very active at night (Kiambi et al. 2020). Black rhinos can be difficult to track for 

extended periods because they generally do not tolerate the presence of humans, often either 

running away or charging. They also spend a lot of their time in dense thicket vegetation, in 

which they are be difficult to track and observe. In feeding track studies, it is more difficult to 

detect characteristic black rhino feeding damage on forbs and grasses than on woody species 

(van Lieverloo et al. 2009b). The lack of grass in diets recorded using tracking methods has 

been suggested to be an artefact of this methodology (Buk & Knight 2010). Together, these 

factors mean that observational and feeding track research is likely to only record a portion of 

the plants which the rhinos are actually eating. 

Microhistological analysis is not subject to the limitation of missing plants eaten in particular 

habitats and at night, but it comes with different limitations. Firstly, the species identifiable in 

dung are not proportional to those eaten because of different ways in which digestion and 

fragmentation occurs (Holechek et al. 1982). More digestible plants are therefore less likely 

to be identified, although this may be less of an issue for black rhinos which have relatively 

poor digestion (Owen-Smith 1992). Some species may also become unidentifiable, or 

difficult to identify to even genus level, during digestion or slide preparation. This process is 

also very time-consuming and labour-intensive, making it relatively low throughput, as well 

as prone to observer error (Holechek et al. 1982).  

Limitations to other methods of studying black rhino microbiome 

Identification of microbial communities presents even greater challenges. Before DNA 

sequencing was possible, microbes had to be cultured for identification to be possible. This is 

still used in clinical settings and the taxa present are identified using morphological features, 
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including colony size and colour, microscopy, including Gram staining, and biochemical tests 

(Váradi et al. 2017). These techniques can only identify some microbes and can also lack 

specificity (Abayasekara et al. 2017). In clinical settings, they continue to be useful because 

they are often used to confirm a suspected infection by a particular pathogen and researchers 

therefore use the tests which will identify those particular taxa. For example, the deaths of 

nine black rhinos on Ol Jogi were suspected to be caused by Clostridium so specific tests can 

be used to confirm that (Ndeereh et al. 2012). However, these methods are less useful when 

the aim is to characterise a microbial community and there are no a priori assumptions of 

what is present.  

Limitations to other methods of studying black rhino nemabiome 

Methods of identifying gastrointestinal nematodes in wild mammals are affected by similar 

problems. Euthanising individuals and directly identifying the taxa present during autopsies, 

which can be possible for livestock, is not acceptable for wild species of conservation 

concern. The nematode community of black rhinos has been characterised by 

opportunistically conducting autopsies on individuals which died or had been euthanised due 

to illness or injury (Penzhorn et al. 1994; Knapp et al. 1997). FECs give a reliable estimate of 

parasite burden but are not effective for identifying taxa (Traversa et al. 2008). It is possible 

to culture the eggs from dung samples and identify species from larval morphology, but this 

is low throughput and prone to observer error (van Wyk et al. 2004). A comparison of 

metabarcoding with morphological identification of nematodes from domestic ruminants 

showed that adopting metabacoding can reduce bias introduced in larval culture (Borowski et 

al. 2020). 

Metabarcoding 

Due to these limitations, the most appropriate method for this study, and the one which I 

chose, was DNA metabarcoding. Developed in the 1980s (Lane et al. 1985), this 

methodology uses amplification and sequencing of standardised gene regions as a tag for 

species identification (Hebert & Gregory 2005). In other words, this is the automated 

identification of multiple taxa and can be done using environmental samples including dung. 

This is obviously useful for taxonomic research, but is increasingly utilised by ecologists 

(Valentini et al. 2009) and conservation scientists (Wei et al. 2019). Next-generation 

sequencing (NGS) platforms, which can sequence billions of reads in a single run (Shendure 

& Ji 2008), can facilitate high-throughput biodiversity assessments using degraded DNA 

extracted from faecal samples (Taberlet et al. 2012).   
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DNA extraction 

Metabarcoding uses DNA extracted from a sample of some kind, dung in this case, to 

identify the taxa present from a particular group using a particular gene region. DNA was 

extracted using the QIAamp DNA Stool Mini Kit, following on from Antwis et al. (2019) 

who used it to study the microbiome of captive rhinos. Other kits are available but the one 

chosen is optimised to extract DNA from faecal samples and has been shown to be the most 

effective one in the extraction of bacterial DNA from human faecal samples (McOrist et al. 

2002).  

DNA amplification 

Once DNA was extracted, polymerase chain reaction (PCR) was used to amplify the target 

gene regions using primers specific to those regions. The gene region which is chosen 

depends on the taxa that are being identified. The regions I chose were based on those which 

have been proven to work effectively for identifying the three groups which are the focus of 

this work. For bacteria, the 16s rRNA gene (v4 region) is often used (Lane et al. 1985), 

including for rhino microbiome (Antwis et al. 2019). Metabarcoding has not been carried out 

to study the gut nematode community of black rhinos but the rDNA ITS-2 region is most 

often used to study the nemabiome of livestock (Avramenko et al. 2015, 2017) and wildlife 

(Schneider‐Crease et al. 2020). For plants I chose the P6 loop of the chloroplast trnL(UAA) 

region which has been used to characterise herbivore diets in the area of Kenya that is the 

focus of this thesis (Kartzinel et al. 2015; Gill et al. 2019).  

PCR was also used to attach oligonucleotide tags to the forward and reverse ends of these 

amplified sequences (Kozich et al. 2013). After this, the DNA from each sample has a unique 

combination of tags which can be used to assign sequence to samples during the sequencing 

stage. The PCR methods followed were based on those used in previous metabarcoding work 

which focused on these regions. For bacteria I followed the methodology set out in Antwis et 

al. (2019) which uses one PCR which both amplifies the required region and attaches 

oligonucleotide tags. For nematodes I followed Avramenko et al. (2015) and for plants I 

followed Kartzinel et al. (2015), both of which use two separate PCR runs, the first to 

amplify the correct region and the second to attach the tags.  

The products of each PCR were quality checked using an Agilent 2200 TapeStation (Agilent 

Technologies, CA, USA), which measures the base-pair lengths, and the concentration 

quantified on a Qubit™ 4.0 Fluorometer (Invitrogen, CA, USA). PCR conditions were 
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modified if the products did not contain DNA sequences of the expected lengths or the 

required concentrations.  

DNA sequencing 

All the samples were then pooled and this pool was sequenced using a next-generation 

sequencing machine, in this case an Illumina MiSeq (Caporaso et al. 2012), which was 

available at ILRI and has been shown to generate sequences suitable for this type of work 

(Quail et al. 2012). The unique combination of tags allows the DNA products to be pooled 

and each sequence can be assigned to the correct sample. The number of reads of each unique 

sequence from each sample were counted.  

Before the full sequencing run, a titration sequencing run was used to measure the relative 

amount of DNA in each sample found in the pool. The pool for this run was made using an 

equal amount of product from each sample. The resulting number of reads assigned to each 

sample provides an estimate of relative concentration of DNA in each sample’s product. For 

the full run, samples were pooled according to the concentration of DNA they contained, so 

that each sample should have contributed the same amount of DNA to the final pool, in order 

to minimise sequencing bias as much as possible. 

Analysis 

The target amplicon for the diet and nematode analyses were sometimes shorter than the 

paired reads which were sequenced, so adapters were present in the resulting sequences. I 

first used Cutadapt 2.1 (Martin 2011) to remove the forward and reverse adapters present in 

these data. Further analysis was conducted using the DADA2 analysis pipeline in R (Callahan 

et al. 2016). After filtering, trimming, denoising, merging of paired reads, and the removal of 

chimeras, the resulting amplicon sequence variants (ASVs) identified were processed before 

analysis. Samples with low numbers of reads were excluded from the analysis. This was 

defined as samples with fewer than 2000 total reads, which is considered to indicate sample 

failures (Avramenko et al. 2015). Further processing was used for the microbiome data and 

ASVs with fewer than 100 reads were excluded. This was conducted for the microbiome and 

not the other two methodologies as there weas a much larger number of reads for the 16S 

amplicon and a large number of ASVs with low numbers of reads. This step is often included 

in 16S microbiome studies (Longo & Zamudio 2017; Antwis et al. 2019). A blank extraction 

using the same method was used as a negative control in order to exclude ASVs that were 

present and therefore could not confidently attributed to the dung. After these processing 
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steps, ASVs were assigned taxonomy if possible using reference databases. For bacteria this 

was the SILVA v138 database (Quast et al. 2013; Yilmaz et al. 2014), for nematodes it was 

the Nematode ITS2 v1.0.0 database (Avramenko et al. 2015; Workentine et al. 2020) and for 

plants a local trnL-P6 reference library , version 2.0, constructed at Mpala Research Centre 

(Gill et al. 2019). 

Limitations 

There are limitations to this approach, reviewed in Taberlet et al. (2012). Firstly, errors are 

introduced into output sequences by degradation of template DNA, during amplification and 

during sequencing. I attempted to reduce errors introduced by degradation by storing all 

samples within six hours of defecation. Dung was collected from the middle of boluses, 

which has been shown to experience less degradation than the surface when measuring 

hormones (Edwards et al. 2014) and conducting FECs (Stringer et al. 2014). Storage 

protocols were based on those which have been shown to minimise degradation (Murphy et 

al. 2002). Most erroneous reads are caused by sequencing chemistry (Coissac et al. 2012) and 

can artificially inflate diversity estimates (Kunin et al. 2010). The MiSeq sequencing I used 

can introduce errors but has been shown to be high enough quality for the taxonomic 

identification in this study (Quail et al. 2012). The DADA2 analysis pipeline utilised in this 

thesis is set up to identify and correct Illumina-sequence amplicon errors which arise during 

PCR and sequencing (Callahan et al. 2016). In comparison with other approaches, DADA2 

returns similar community structures and dissimilarity measures, but identifies more ASVs 

than other methods, which results in higher alpha diversity (Nearing et al. 2018). DADA2 

may therefore be better at finding rare organisms but may also produce more false positives, 

which must be considered when interpreting results. The processing of ASVs which result 

from the DADA2 pipeline was used to guard against false positives, mitigate against these 

limitations, and conservatively estimate the diversity present in each sample.  

Secondly, there must be suitable amplicons and taxonomic reference libraries which take a 

great amount of work to identify and build respectively (Taberlet et al. 2012). This project 

builds on previous work which uses established barcodes and reference libraries which have 

been shown to be adequate for similar research. 

Finally, assigning taxa to each sequence appropriately is difficult and methods can introduce 

bias into analyses (Coissac et al. 2012). The DADA2 pipeline utilises a naïve Bayesian 

classifier algorithm designed for 16S rRNA sequences (Wang et al. 2007) but is applicable to 
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other barcodes and is commonly used in metabarcoding work (Callahan et al. 2016; 

Avramenko et al. 2017; Antwis et al. 2019).  

2.2.6 Environmental variables 

Differences in rainfall and vegetation cover were identified as factors that may explain 

variation in black breeding rates and population performance. The sources of data for these 

variables are outlined here. 

Rainfall 

Rainfall levels were estimated using the Climate Hazards Group Infrared Precipitation 

combined with Station observations (CHIRPS) dataset (Funk et al. 2015). CHIRPS uses 

station data and satellite data of infrared Cold Cloud Duration (CCD) observations to give 

daily, pentadal and monthly 1981-present precipitation estimates, at a resolution of 0.05°. 

Smart interpolation techniques are used to give accurate estimates in areas which do not have 

good station coverage. Interpolation and remote sensing data can have their limitations, but 

this product was found to be more accurate than other products across eastern Africa (Dinku 

et al. 2018). Rainfall was estimated for the 30 days previous to sample collection for the pixel 

under each sample, each of which is roughly equivalent to 5.5km2, to give a biologically 

relevant measure of water availability to both the rhinos and vegetation (Birkett & Stevens‐

Wood 2005).  

Woody cover 

The proportion of woody cover has been utilised as a proxy for forage available to black 

rhinos. There is evidence that woody cover is positively correlated with breeding success 

(Okita‐Ouma et al. 2021). This work uses land cover maps of sub-Saharan Africa built using 

Moderate Resolution Imaging Spectroradiometer (MODIS) remote sensing images. Kahiu 

and Hanan (2018) present a validated method of separating MODIS Leaf Area Index (LAI), 

defined as the one-sided green leaves per unit ground area, into woody and herbaceous 

components in sub-Saharan ecosystems using the differing phenology of these plant taxa. The 

resulting maps therefore include layers which show the proportion of bare ground, 

herbaceous cover and woody cover at a 1km resolution, the latter of which is split into 

evergreen, needle-leaf and broad leaf (Kahiu & Hanan 2018), which can be used to estimate 

overall woody cover.  
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Choosing scale of land cover 

Black rhinos interact with the environment in their home ranges which form a small part of 

each reserve, so it is not appropriate to aggregate data over the whole reserves. Instead, the 

home ranges of individuals are the relevant scale to use. Black rhino home ranges are 

generally larger than the resolution of the remote sensing data being used in this habitat. 

Home ranges are estimated to be a minimum of around 2.5km2 in the habitat type and rainfall 

levels of the three study reserves (Emslie et al. 2009). Therefore, it is also not appropriate to 

just use the data associated with the pixels which lie underneath each sample. Home ranges 

were estimated using the position of samples collected over the two field seasons described 

and another one which took place between October – December 2017. This does not provide 

an exact demarcation of the home ranges of each individual, however it does provide an 

estimate of the habitat type which each rhino interacts with. This gave a mean range size of 

around 15.5km2, which is smaller than estimations of home range sizes of around 20km2 from 

studies in South Africa which used radio transmitters (Plotz et al. 2016). The different 

methodologies and different environments of this study and my thesis are both likely to 

contribute to the difference. The exact boundaries of the home ranges are not crucial to this 

study, as they were used to give a coarse estimation of the environment which the rhinos 

interact with. As the rainfall data is at a coarser resolution, and there is spatial correlation 

between adjacent pixels, the rainfall of the pixel under each sample was used. 

Limitations to remote sensing 

There are limitations to estimations of land cover using remote sensing, and maps based on 

MODIS are no different. Mapping of tree cover using MODIS products can be challenging, 

partly because the relatively large pixels, 500m in this case compared to 30m Landsat pixels, 

are more likely to contain mixed vegetation cover which is more difficult to classify than 

non-mixed (Jung et al. 2006). Uncertainties become greater at tree cover of less than 30% 

(Hansen et al. 2005), which includes large parts of the reserves in this work. Kahiu and 

Hanan (2018)’s map has its limitations, as it is dependent on the MODIS input, and also on 

allometric models used during validation. However, the map was developed on a large 

dataset and validations were robust. These were carried out using literature-derived 

measurements of woody and herbaceous LAI, as well as site-based measurements of tree 

density and crown diameters which were used to calculate canopy cover within test plots in 

Kenya, one of which was Ol Pejeta. The estimates from Kahiu & Hanan (2018) can be used 

to estimate available forage for black rhinos (Adcock et al. 2007; Bucini & Hanan 2007) and 
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have been used to compare woody cover with breeding success in Kenyan black rhino 

populations (Okita‐Ouma et al. 2021).  

2.2.7 Analysis 

Chapter 4 uses metabarcoding data to link environmental variables to diet quality and gut 

health and finally to variations in individual breeding success. One of the primary benefits of 

DNA metabarcoding for this study is that DNA extracted from each faecal sample can be 

used to study the taxonomic community of plants, microbes and nematodes at the same time. 

Whilst diet, nemabiome and microbiome are all important to black rhino conservation 

individually, the real novelty of this work is the ability to study all three of these things 

together and the interactions between them. Variations in diet, whilst important for 

conservation by themselves, also impact on gut microbiome (Amato et al. 2013) and 

nemabiome (Avramenko et al. 2017), and microbial communities also interact with 

gastrointestinal helminths (Walk et al. 2010). A study focusing on Coquerel's sifakas 

(Propithecus coquereli) showed that protozoan infection reduced the diversity of the gut 

microbiome and increased the abundance of taxa which are associated with shortened gut 

transit time, causing the sifakas to extract lower amounts of nutrients from their diet 

(McKenney et al. 2017). 

Mechanistic explanations for differences in conservation status are vital for the future of 

conservation (Buckley et al. 2012; Beehner & Bergman 2017). I hypothesise that rhinos with 

poor habitat, indicated by high grass abundance, low nutrient levels in their diet, high 

abundance of pathogenic bacteria and nematodes, and dysbiosis of microbiome and 

nemabiome will exhibit lower measures of breeding success for females. The limitation of 

this approach is that the metabarcoding, FEC, hormone and nutrient data are all taken from 

two time-points, June-July 2018 and January-March 2019. As a long-lived, K-selected 

mammal, ten months is not a long enough time span to directly connect the results with 

breeding and mortality events. The available breeding data also covers average breeding 

performance over a lifetime. Black rhinos home ranges are dynamic over time (Lent & Fike 

2003) and lifetime breeding data may therefore reflect the fitness potential associated with a 

range of habitats, as it will have been affected by all the home ranges which that individual 

has had.  However, these two things can still be linked if individuals compete for territories, 

and poorer quality individuals are restricted to marginal habitat. These individuals will 

therefore eat poorer quality diets, exhibit negative biomarkers and have lower breeding 

success over time.  
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2.3 The aims of conservation and the integration of in situ and ex situ 

2.3.1 Review of the One Plan Approach 

In chapter 5 I review the OPA. I outline the potential benefits and downsides of the approach, 

and present case studies of conservation initiatives which have zoos as leading partners 

applying OPA principles. These case studies showcase the things which are needed for a 

project to be successful and also highlight aspects which can cause them to fail. For 

frameworks such as the OPA to make significant contributions to the field of conservation, it 

must be widely applicable to threatened species. In order to test this, I used species listed by 

the Alliance for Zero Extinction (AZE), information on threats and conservation interventions 

from the IUCN Red List (IUCN 2018), and information on zoo populations from the 

Zoological Information Management System (ZIMS), managed by Species360 (ZIMS 2018).    

Alliance for Zero extinction species 

The AZE is an alliance of groups which manages a list of sites which contain one or more 

species designated as Endangered or Critically Endangered on the IUCN Red List and are 

restricted to a single site. These taxa are therefore highly vulnerable to extinction and by 

focusing on them zoos will, by definition, be contributing to meeting Aichi target 12 

(Butchart et al., 2012). The importance of protecting AZE species and sites has been 

recognised by their inclusion in a range of legislative frameworks including the Convention 

on Biological Diversity (CBD) and the Key Biodiversity Areas (Funk et al., 2017) and an 

assessment using a conservation opportunity index showed that there are good opportunities 

to conserve AZE species (Conde et al., 2015). As has been pointed out for similar approaches 

(Conway 1995), the OPA is a demanding, special case conservation approach which requires 

significant investment of money and effort. The OPA could be utilised for the conservation of 

those species which are most threatened (Fa et al. 2011). The 2010 AZE list allowed me to 

test this. The view of the AZE is that preventing extinction is fundamental to conservation, 

and that the species which are limited to these sites are those that are at the most at risk of 

extinction in the world. I used the 2010 list because in 2018 the AZE changed focus to sites 

rather than species, and a there is no list of species available for their revised sites. 

Red List 

In order to analyse the potential that the OPA has to be used for these species at great risk of 

extinction, I analysed the threats faced by, the conservation interventions recommended for 

and the interventions actioned for each one. This information was obtained from the IUCN 

Red List (IUCN 2018). The Red List is not complete and comparing assessments between 
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species can be misleading (Collen et al. 2016). It also does not include populations outside of 

the native range of a species (Wallach et al. 2020), which is an important consideration when 

considering frameworks that span the traditional division between in situ and ex situ. The 

detail of listings varies from species to species, with well-known and charismatic species 

having much more extensive entries. It is therefore likely that well-studied species have more 

threats and conservation interventions mentioned. Despite this, it is the best available data on 

such a diverse array of species and the most comprehensive resource on the threats faced and 

conservation programmes implemented and needed for global biodiversity (Rodrigues et al. 

2006; Bennun et al. 2018). 

Species360 ZIMS (Zoological Information Management Software) 

Although candidates for the OPA are not restricted to those species which require ex situ 

breeding, some certainly will. Data on zoo populations of these species were obtained from 

the Zoological Information Management System (ZIMS), managed by Species360 (ZIMS 

2018) to show which species were kept in captive populations and therefore likely to be the 

focus of zoo conservation programs. Many zoos, breeding centres and private collections do 

not use ZIMS, which therefore may give smaller estimates of captive populations than are 

found in reality, but again it is the best data available. 

2.3.2 Survey questionnaires 

In chapter 6 I investigate whether the views of conservation professionals diverge from those 

of members of the UK public who support conservation, and whether these views match the 

reality of contemporary conservation practice.  Assessing people’s attitudes towards a certain 

topic is a key part of the social sciences, and there are several methods for doing this 

including interviews, focus groups and surveys. Survey research (Krosnick 1999; 

Klandermans 2002) was appropriate for this work because it allows for larger sample sizes, 

and questions can be designed which allow for quantitative analysis (Boone & Boone 2012; 

Willits et al. 2016). Survey questionnaires have been often used in conservation to assess 

views of both the public and professionals (Balmford et al., 2007; Bennett et al., 2019; 

Sandbrook et al., 2019).  

Target populations, sampling and response rates 

I assessed the attitudes of two populations which are vital to conservation, conservation 

professionals and members of the UK conservation-supporting public. Members of the 

Western public who take an interest in, donate to and support conservation are often 
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neglected when designing conservation projects, even though their preferences are important 

to the success of interventions (Eden 1996; Buckley et al. 2012; Anyango-van Zwieten et al. 

2019). These two groups are key to conservation (Veríssimo et al. 2018), and as such they 

were targeted for this survey.  

Respondents were recruited using purposive sampling (Etikan et al. 2016) and professionals 

were also recruited using snowball sampling (Ghaljaei et al. 2017). Purposive sampling 

identifies cases which are known to be useful for the research questions and is used to gain a 

depth of understanding from a relatively small sample in mixed method research (Palinkas et 

al. 2015). Random sampling from members of the public would not be appropriate for this 

study as many people are not interested in conservation (Wray-Lake et al. 2010; Troumbis 

2017) and their views are not as relevant to current practice as those who directly support it, 

financially or otherwise. Purposive sampling instead targets people who are thought to hold 

important views on a particular subject (Robinson 2014), and its use should be made clear 

when presenting research (Campbell et al. 2020). Engaging the general public is important 

but it is beyond the scope of this study. Snowball sampling is useful for accessing 

respondents who would be otherwise hard to reach (Johnson 2014). There is always a risk of 

contacting respondents who are not suitable, but the descriptions on the advertisements and 

on the survey itself should have prevented anyone who was not suitable from answering the 

survey. 

Consistent problems for survey studies are response rates and sample sizes. Advertisements 

and reminders for the survey were approved by ethical committees at both the University of 

Manchester and Chester Zoo, and I was constrained as to how many communications I could 

send out. The sample size was adequate for the analyses conducted, but this study does not by 

any means give a comprehensive overview of the views of everyone which is important to the 

field of conservation. Large donors and policy makers, not covered in this work, should be 

consulted on their aspirations for the aims and methods of conservation. I made efforts to 

contact professionals who work globally, and the information respondents gave about their 

geographic focus confirms this, but it is likely that professional respondents predominantly 

came from the Western world. There are also whole groups of people who are not represented 

in this study. The use of a zoo mailing list to recruit members of the conservation-supporting 

public means that certain groups, including those heavily concerned with animal welfare and 

opposed to zoos, are not represented. This study therefore mainly includes zoo members and 

is not representative of all conservation supporters in the UK, many of which are also aligned 
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with animal welfare movement. Members of the UK public may also differ in their views of 

conservation from people from other countries. Especially important when considering social 

goals as well are Indigenous people (Ens et al. 2016; Garnett et al. 2018) and communities 

who inhabit areas near protected areas or places of conservation concern (Andrade & Rhodes 

2012). The limitations of the respondents who are represented in this survey are important to 

consider when interpreting the results of this study. 

Survey design 

There are several aspects to consider when designing a survey study to ensure that the 

resulting data is useful for analysis (Wagenaar 2005). Questions should be simple, avoid 

ambiguity and also not be worded in a leading way which implies that certain answers are 

‘correct’ (Martin 2005). I piloted the study using conservation researchers and practitioners 

as well as people who do not work in the field. Piloting the surveys on both experts and non-

experts allowed me to test the usefulness of responses from both target groups (Martin 2005).    

I utilised specifically designed and targeted question types to ensure that the resulting 

responses could be meaningfully included in an analysis. This included a question which 

asked respondents to rank organisations in the order in which they should contribute 

financially towards conservation, Likert scales which combined a number of Likert-style 

items (Willits et al. 2016) and scenario questions. Qualitative data were obtained from open-

ended answers in comment boxes which accompanied the Likert scales and scenario 

questions. 

Data analysis 

This mixed-methods approach allowed for a range of analyses to answer the research 

questions. There is debate over whether data resulting from Likert-style questions can be 

treated as interval scale scores and whether it is appropriate to analyse them using parametric 

statistics (Willits et al. 2016). Technically, Likert data is ordinal (Stevens 1946; Jamieson 

2004) which cannot be included in parametric analyses. Despite this, it is now widely 

accepted that combining several Likert items, which ask questions relating to attitudes on the 

same area, into a Likert scale provides results that can be analysed as quantitative interval 

scale scores (Allen & Seaman 2007; Boone & Boone 2012).  

The resulting summed scores from each Likert scale were then used as explanatory variables 

in linear regressions and generalised linear models. Simulation studies have shown that Likert 

scales with more points, possible answers such as ‘Strongly disagree’, ‘Disagree, ‘Agree’ and 
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‘Strongly agree’, are more appropriate for analysis on the interval scale (Wu & Leung 2017). 

However, there is a trade-off between this and respondence rates, as respondents may be put 

off by questions with more complex answers (Connelly et al. 2003). 

Qualitative data were obtained from open-ended answers in comment boxes which 

accompanied the Likert scales and scenario questions. Analysing qualitative data is 

challenging (Bailey & Jackson 2003). I used coding to analyse these data, which is a process 

of reading responses and classifying parts of them into emergent themes (Stuckey 2015). 

There is no one-size-fits-all method, and the exact way to do it depends on the data and the 

purpose of the analysis (Elliott 2018). As I had a small sample size, I was able to code 

responses manually by reading through them and considering the themes that were emergent 

through this reading (Basit 2003), based on a method from Strauss and Corbin (1998). 
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Abstract 

Female reproductive skew can influence extinction risk in small populations but is not well 

studied in non-cooperatively breeding mammals. Investigating this in free-living populations 

is difficult as it requires detailed individual-based demographic data. We present a population 

viability analysis using an age-specific, female-only, individual-based, stochastic population 

model for three Kenyan populations of the Critically Endangered eastern black rhino 

(Diceros bicornis michaeli). This subspecies is at risk of poaching, and intensive monitoring 

has provided detailed demographic data. Using this model, the three populations are projected 

100 years into the future over 500 simulations. Ol Jogi has a lower mean birth rate and a 

higher mean birth rate than the other two reserves, and without stochasticity or reproductive 

skew has an intrinsic growth rate of ~0.02 compared to ~0.05 for the other two reserves. We 

find strong reproductive skew amongst females and including this in projections makes the 

projected population growth on Ol Jogi negative. Under simulated poaching pressure, the 

inclusion of female reproductive skew makes the populations more vulnerable to extinction. 

At 5% offtake, the probability of extinction on Ol Jogi increases from 10.2% to 81% with the 

inclusion of this skew.  Elasticity analysis indicates that juvenile survival is the most 

important vital rate for black rhino population dynamics. This work shows that individual-

level variation in female fecundity is a crucial consideration when constructing population 

models and conducting conservation planning, as extinction risk may be underestimated 

without it. With respect to black rhino conservation, this work emphasises the vital 

importance of continuing work to prevent poaching, suggests reducing juvenile mortality 

should be a priority, and raises questions over whether it is possible to encourage 

reproduction in females with low breeding success or to protect high-value individuals. 

3.1 Introduction 

With over 1 million species facing extinction (IPBES 2019) and an average of 68% decline in 

monitored vertebrate populations between 1970-2016 (WWF 2020) quantifying extinction 

risk and identifying its drivers in vulnerable populations is crucial to the conservation of 

biodiversity. In studying this, and trying to prevent it, the small and declining population 

paradigms have been a central focus of conservation science and practice (Caughley 1994). 

The small population paradigm focuses on increased risk of extinction faced by small 

populations precisely because they are small. Environmental and demographic stochasticity 

become more important at smaller population sizes (Sæther 1997; Lande et al. 2003) and 

small populations are more prone to inbreeding depression (Lacy 1993; O’Grady et al. 2006). 
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On the other hand, the declining population paradigm is concerned with external threats that 

are causing declines (Caughley 1994). Small populations that face severe external threats, 

vulnerable under both of these paradigms, are therefore at great risk of extinction.    

Reproductive skew, one aspect of demographic variance, is less well-studied than other types 

of variance but can influence extinction risk in small populations (Kendall & Fox 2003). It 

has been proposed theoretically that unstructured variation in fecundity probabilities can 

affect demographic variance and increase extinction risk, but this is not the case for survival 

probabilities (Robert et al. 2003). ‘Unstructured’ variation here means that the reproductive 

value is assigned to each individual at random, independent of other individuals (Kendall & 

Fox 2003). Demographic heterogeneity has been found to be a better predictor of extinction 

risk than environmental stochasticity in some cases (Melbourne & Hastings 2008).  

Generally, the sex that invests less in offspring competes for mates, which means that 

variance in lifetime reproductive success (LRS) amongst mammals tends to be larger for 

males than for females (Ellis 1995). Few studies have investigated the effect that female 

reproductive skew, here defined as the rate a female raises young to an age where the risk of 

neo-natal mortality decreases significantly, has on population viability in mammals. This is 

partly because it requires long-term individual-based data that tracks reproductive events 

across a female’s lifespan, which are difficult to collect. However, it is also because of the 

assumption that, outside of cooperatively breeding species (Keller & Reeve 1994), there is 

little reproductive skew among females or it is not important. In population modelling, 

‘female dominance’ is often assumed where there are always enough males to fertilise all 

females (Caswell 2000). The few long-term datasets that are available have shown that there 

is significant female reproductive skew in non-cooperatively breeding mammals (Stockley & 

Bro‐Jørgensen 2011). Female red deer (Cervus elaphus) rear between 0 – 13 fawns over their 

lifetimes (Clutton-Brock et al. 1982). Disentangling age-specific reproduction from female 

reproductive skew and assessing how this influences population viability will add important 

dynamics of individual heterogeneity into demographic studies. Extinction risk could be 

severely underestimated because variability has been wrongly attributed to environmental 

rather than the demographic stochasticity (Melbourne & Hastings 2008).  

Skew in female reproduction means that, by definition, some females are not reproducing at 

the optimal rate and there is therefore some reproductive potential in the population that is 

not being utilised. Furthermore, the effects of female reproductive skew may be magnified 



107 

when coupled with other drivers of population dynamics such as poaching. In principle, the 

population-level variation caused by any change in mortality and reproduction will be 

magnified when combined with additional variability at the individual level. Poaching has 

been shown to increase male reproductive skew in African elephants (Loxodonta africana) 

(Archie & Chiyo 2012) and catastrophic poaching of male saiga antelopes (Saiga tatarica 

tatarica) led to a crash in the number of pregnancies due to disturbed mating behaviour 

(Milner-Gulland et al. 2003). The specific interplay between female reproductive skew and 

poaching and their combined effect on population viability has yet to be explored. If a 

poaching event kills a female with a relatively high reproductive output, it would remove a 

greater amount of reproductive potential from the population than poaching when female 

reproduction is not skewed.  

One Critically Endangered subspecies for which the assessment of extinction risk is vital is 

the eastern black rhino (Diceros bicornis michaeli). Poaching is still a major threat for 

African rhinos, despite the decrease since a peak in 2015 (Knight 2018).  Due to the risk of 

poaching, this species is conserved in isolated populations (Okita-Ouma et al. 2007; KWS 

2017; IUCN 2020). Kenya, as the major range state for the subspecies (Emslie et al. 2019), is 

a main stakeholder in the conservation of black rhino. Worryingly, many captive and free-

living black rhino populations are currently missing population growth targets (Mills et al. 

2006; Edwards et al. 2015). In Kenya this target is ‘a net growth of at least 5% per annum 

maintained in at least six established populations; positive net growth achieved in all 

recovering populations’ (KWS 2017). Of particular concern is neonatal mortality, at least 

partly due to predation (Mills et al. 2006; Patton 2009). 

Following the creation of the Kenya Wildlife Service (KWS) in 1989, there has been a 

detailed policy framework in place for rhino protection in Kenya centred around the ‘creation 

of intensively protected fenced sanctuaries’ (KWS 2017). Translocations between reserves do 

occur, and they are managed as an artificial metapopulation, Despite this, these isolated 

populations present the opportunity to conduct a proxy natural experiment for studying the 

drivers of variation in vital rates. Reserves vary in habitat based on altitude, rainfall, soil type 

and the resultant vegetation community (Adcock et al. 2007). In black rhinos, high variance 

in reproductive success has been identified within males (Garnier et al. 2001) and found to be 

predicted by multilocus heterozygosity (Cain et al. 2014). Reproductive skew has been 

identified within both captive and free-living female black rhinos, including variation in the 

number of calves, age of first reproduction and inter-calving interval (Patton et al. 2008; 
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Edwards et al. 2015). Extreme female reproductive skew has also been detected in post-

translocation populations. Amongst 203 female rhinos moved in Namibia and South Africa in 

80 separate translocations, 47 did not recruit a calf to reproductive maturity (Gedir et al. 

2018).   

The aim of our study was to assess the extinction risk of the eastern black rhino in three 

Kenyan populations under multiple drivers of population dynamics including poaching and 

reproductive skew. Black rhinos in Kenya are intensively monitored as part of efforts to 

protect them from poaching. As such, there is an excellent availability of current and 

historical demographic data, which can be used to accurately estimate vital rates, stochasticity 

and reproductive skew.  

In order to do this, we used population viability analysis (PVA), which is routinely used to 

assess the risk of extinction faced by a species or population over a particular time period 

(Boyce 1992; White 2000) and the importance of particular threats, such as wind turbines for 

migratory bats (Frick et al. 2017). In practical conservation they can be used to evaluate 

changes in management practices (Fantle-Lepczyk et al. 2018) in both free-living and captive 

populations (Jackson et al. 2019). The utility of PVAs to effectively quantify extinction risk 

and prevent future population declines is reliant on parameterisation from good quality data 

and appropriate life-history assumptions for focal populations. This is a key challenge; a 

recent appraisal found that only 18% of PVAs were of high quality with appropriate data, 

parameters, and underlying assumptions relating to life-history and population dynamics 

(Chaudhary & Oli 2020).  

 We used a data-driven approach to estimate population viability using around 40 years of 

individual-based demographic data. Such a long-term dataset is very rare, particularly for 

free-living populations of Critically Endangered species. To explore extinction risk, we 

constructed an age-specific, female-only, individual-based, stochastic population model. This 

incorporated density dependence, environmental stochasticity, demographic stochasticity and 

reproductive skew. We then used this model to simulate population growth over the next 100 

years for each reserve. We simulated population growth under different offtake scenarios to 

simulate the effect that reproductive skew and different levels of poaching would have on 

population growth and conducted elasticity analysis to show which vital rates were most 

important for the growth of the population.  
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3.2 Methods 

3.2.1 Study population 

We focused on the populations of three different reserves in Kenya. The first is the 250km2 

Lewa Wildlife Conservancy in Meru County (0.20°N, 37.42°E) which founded a 20km2 rhino 

sanctuary in 1983 and converted completely to a conservancy in 1995. It varies in altitude 

between 1,500m and 2,000m, the average annual rainfall is 570mm and the landscape is 

dominated by Pennisetum stramineum-Vachellia (Acacia) drepanolobium wooded grassland 

with other habitats including mixed species bushland and mountain forest (Adcock et al. 

2007; Giesen et al. 2007). The second is the 360km2 Ol Pejeta Conservancy in Laikipia 

County (0.02°N, 36.90°E), in which a rhino sanctuary was founded in 1988. It varies in 

altitude between 1,750 and 2,000m, the average annual rainfall is around 740mm and the 

habitat cover types are dominated by grassland, V. drepanolobium wooded grassland and 

Euclea divinorum thicket (Adcock et al. 2007; Kavwele et al. 2017). The third is the 235km2 

Ol Jogi Conservancy in Laikipia County (0.32°N, 36.98°E), which was established as a rhino 

sanctuary in 1980. It varies in altitude between 1,600 and 2,200m, with an average annual 

rainfall of around 570mm and a wooded grassland habitat with mixed species 

woodland/thicket and a smaller proportion of V. drepanolobium (Adcock et al. 2007).  

3.2.2 Data collection 

Due to poaching, black rhinos in these three reserves have been intensively monitored since 

the foundation of the sanctuaries. Individuals have unique ear notch patterns, are known by 

name and monitoring and security teams aim to find each rhino daily. As such, there is high 

quality demographic data available for all three reserves. Black rhino calves usually stay with 

their mothers for around 2.5-3 years, dependent on when the cow produces another calf, 

which makes the assignment of maternity almost certain. Paternity is much more difficult to 

assign without the use of genetic techniques (Cain et al. 2014), as mating is not always 

observed and females may mate with several males during oestrus. As there is very little 

confidence in the assignment of paternity, we could not include males in this study. Whilst 

high skew in male breeding success (Garnier et al. 2001) suggests that there is a lot of extra 

breeding potential among males, so generally black rhino breeding is unlikely to be limited 

by the density of males, the presence of males can alter female reproduction due to inter-

sexual interactions (Linklater & Hutcheson 2010). Females translocated into male-biased 

populations have been shown to have lower offspring recruitment rates than individuals 

released into female-biased populations, likely due to sexual harassment from males (Gedir et 
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al. 2018). A female-only design allows us to study the effect of female reproductive skew on 

population dynamics, but it should be noted that it will miss the impacts that inter-sexual 

interactions can have. 

The three rhino reserves record the dates of births, deaths, imports, and exports. There are 

also accurate records of the birth dates of imported individuals, provided by the source 

reserves, allowing their ages to be known. This means that the age at which females died and 

gave birth has been accurately recorded since the foundation of each sanctuary. Data are 

available for the periods 1984-2019 for Lewa, 1980-2019 for Ol Jogi and 1990-2019 for Ol 

Pejeta. 

Using the records kept by the reserves we constructed a time-to-event demographic dataset 

for each population documenting whether each female died, bred, or was imported or 

exported in a given year since the founding of each sanctuary. For import or export events, 

individuals were brought in or removed from the population with no birth or death event. 

Individuals were only ever translocated once in their lifetimes. 10 females were imported to 

and 10 exported from Lewa, 19 females imported to and 2 exported from Ol Jogi and 18 

females imported to and 2 exported from Ol Pejeta. Imported and non-imported individuals 

were not separated in the analysis but as we incorporated individual-level differences in vital 

rates, the model does capture some of the potential variation between imported and non-

imported individuals. As we had accurate censoring dates for import, export, births and 

deaths, there is a good degree of certainty regarding the calculation of vital rates which is 

sufficient for the purposes of this study. The demographic outcomes were coded as binary 

response variables, where a 1 indicated birth or survival in a given observation year. A total 

of 34 calves died before their sex was recorded, eight on Lewa, 25 on Ol Pejeta and three on 

Ol Jogi. We randomly selected whether each of these was a male or a female and removed 

the simulated male calves from the model. After this there were 99 females recorded from Ol 

Pejeta, 79 from Lewa, 55 from Ol Jogi and a total of 2252 year-age observations. 

3.2.3 Estimation of age-specific vital rates 

Previous black rhino population models have utilised a stage-based approach and grouped 

ages with similar vital rates. For example, Edwards et al. (2015) used a six-stage 

demographic model. However, due to the availability of long-term demographic data for the 

focal populations, we were able to construct age-specific models that incorporated vital rate 

changes across lifespan, an approach that has recently been applied to the Asian elephant 
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(Elephas maximus) (Jackson et al. 2019). All analyses were done in R version 4.0.1 (R Core 

Team 2020) and RStudio (RStudio Team 2020). 

Mortality and birth events in the demographic records were used to quantify population vital 

rates on each reserve to parameterize population projection models. Age-specific rates of 

mortality and birth were estimated from the raw data using generalised additive models 

(GAMs) implemented in the mgcv package (Wood 2011). We estimated vital rates using 

additive models because of the relatively small number of individuals at each age, which may 

mean raw age-specific data are not representative of vital rates. An additive modelling 

approach enabled us to capture nonlinear trends in vital rates across an individual's lifetime at 

a finer-scale resolution than a stage-based approach.  

We modelled the probability of birth and death separately. In each model, reserve (factor; 

Lewa, Ol Pejeta or Ol Jogi) and age (numeric integer from zero to 40) were used to predict 

the occurrence of a birth or death for an individual across observation years. The response 

variables were binary, indicating birth/no birth and death/survival, and as such the models 

were fitted with binomial error structures and a logit link function. Reserve was incorporated 

as a factor and age as a smoothing term fit with a thin plate regression spline (Wood 2003). 

We used model selection based on the Akaike information criterion (AIC) (Akaike 1987; 

Burnham & Anderson 2004) to decide the basis dimension (k value) to use for the smoothing 

term (Appendix 3.1).  

The DHARMa package in R was used to calculate scaled model residuals in order to assess 

the distributional assumption of our models (Hartig 2018). DHARMa uses a simulation-based 

approach to create scaled residuals for mixed effects models that are visually interpretable 

and allow distributional assumptions to be tested statistically. We tested for 

under/overdispersion and uniformity in simulated residuals using 1000 simulations 

(Appendix 3.1).  

3.2.4 Parameterisation of stochastic projection model  

To assess the future viability of the three black rhino populations, we built female-only, 

stochastic, individual-based projection models using the predicted age-specific vital rates and 

projected 100 years into the future.  Projections started from the populations present at the 

end of 2019. We do not present the age structures of these starting populations due to 

confidentiality of data associated with black rhino populations. An individual-based 

modelling framework allows us to incorporate demographic stochasticity, an important 
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source of uncertainty and an advantage over deterministic models. Every year, whether an 

individual died or bred was simulated using a Bernoulli distribution determined by the 

probabilities calculated using the age-specific predictions for each reserve. We removed 

individuals over the age of 40 in each year of each simulation (probability of mortality for 

individuals aged 40 was given a value of 1), because few individuals survived over this age 

and there was large variation in life-history parameters. No individuals in the dataset bred 

over the age of 34.  

3.2.5 Estimate of environmental stochasticity 

Deterministic models do not provide a full understanding of population dynamics in 

changeable environments. In addition to demographic stochasticity, both density dependence 

and environmental stochasticity must be included for more accurate representations of how 

populations will behave over time (Higgins et al. 1997; Stenseth & Chan 1998).  

The presence of long-term demographic datasets from each population allowed us to estimate 

environmental stochasticity from observed variance in vital rates across the study period. We 

calculated the annual mortality rate for the whole population on each reserve, and the annual 

birth rate for reproductive ages (5 to 34 years of age). We then calculated the standard 

deviation of each of these vital rates and used those standard deviations as an estimate of the 

environmental stochasticity present in each population for each vital rate. To incorporate 

these into the projection models, every year of the simulation, we sampled from two 

truncated normal distributions. These had a mean of zero, a standard deviation equivalent to 

that of the vital rates and were truncated at 0.5 and -0.5 in order to prevent unrealistic jumps 

in population size. The breeding and mortality probability were modified separately by these 

simulated factors, but all individuals received the same changes in a given year. After this we 

ensured that no individuals below the age of 5 bred, as this is a pre-reproductive life stage. 

3.2.6 Estimate of density dependence 

Research on black rhino demography has primarily been done on populations that are 

relatively small, those recovering from poaching (Brodie et al. 2011) and those that have been 

recently founded (Hrabar & Toit 2005; Linklater & Swaisgood 2008; Linklater et al. 2012; 

Gedir et al. 2018). Exponential growth models have been selected as being the most 

appropriate to describe some populations where no evidence of density dependence could be 

found (Okita-Ouma et al. 2010; Law et al. 2015) and in other populations there is a positive 

correlation between density and indicators of breeding performance such as the percentage of 
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females that successfully raise a yearling (Hrabar & Toit 2005). Black rhino populations will 

not be able to grow in a limited area indefinitely. Therefore, there needs to be a way of 

including density dependence into black rhino population models in a biologically relevant 

way. 

In variable environments like African savannahs (Shorrocks & Bates 2014) carrying capacity 

is dependent on resource availability, which changes over short time scales dependent on 

environmental variability, and there is no long-term equilibrium density (McLeod 1997). 

Large ungulate community biomass in east Africa is strongly dependent on rainfall and soil 

nutrient availability (Fritz & Duncan 1994). For a particular reserve, rainfall is the main 

factor that will vary over time and the concept of a fixed ecological carrying capacity (ECC) 

is not particularly meaningful in areas with variable rainfall (Owen-Smith 2001). Instead, 

regulation of population size due to intraspecific competition is likely to be less important for 

population dynamics than the variation in external abiotic factors. As levels of rainfall are 

constantly changing, these populations will be unlikely to reach equilibria even in the absence 

of other changes. Increasing densities of rhinos do have impacts that reduce the capacity of 

the habitat to support future populations, mainly through browsing pressure (Birkett 2002). 

However, the impacts of browsing pressure can be exacerbated by drought, and so the 

variation in rainfall may mediate density dependence and the impact that other browsers have 

on the rhinos (Birkett & Stevens‐Wood 2005).  

It is hypothesised that density dependence only has a significant effect as populations of 

black rhinos approach the ECC (Cromsigt et al. 2002). In some cases they are only affected 

above 75% of the ECC (Emslie et al. 2009) and they can increase above the estimated ECC 

for a particular habitat (McCullough 1992). ECC was estimated using the scheme set out in 

Emslie et al (2009) which incorporates reserve size, average annual rainfall and habitat type. 

All three reserves fall into the category ‘0.2-0.4 rhino per km2 occur commonly in 500–

750mm [annual rainfall] areas where savannah bush and shrub cover is generally good, 

riverine or groundwater vegetation is often present in undegraded conditions, and soils are 

medium to good fertility.’ It is assumed that all three reserves have a maximum density of 

0.4km2 and using the reserve sizes this gives ECC estimations of 100 for Lewa, 140 for Ol 

Pejeta and 90 for Ol Jogi. Assuming an equal sex ratio, these were halved to give the 

predicted ECC of all females on each reserve. Projections were run with a range of ECCs on 

each reserve, and the exact figure was found not to be a controlling factor of the observed 

patterns. 
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During the construction of the model, various mathematical relationships between population 

size and vital rates were tested as ways of including density dependence and environmental 

stochasticity in the model. The one that was chosen reflected observed patterns in black rhino 

population dynamics. We incorporated density dependence into the stochastic projection 

models accounting for the observation that rhino populations can go above ECC, and are 

dependent on, and synergistic with, environmental stochasticity. Below 75% of ECC, 

environmental stochasticity was calculated as above. If the population was above 75% of 

ECC, then the simulation distributions from which environmental stochasticity was drawn 

were altered. The standard deviations were increased in proportion to the size of the 

population above 75% of ECC. The mean of the sampling distribution for breeding 

probability was decreased, and the mean of the sampling distribution for mortality probability 

was increased, both in proportion to size of the population above 75% of ECC. When the 

population approached ECC, stochasticity in the environment was expected to increase the 

chance of mortality and decrease the chance of reproduction. The distributions were truncated 

once more at -0.5 and 0.5 to prevent jumps in population size that were biologically 

unrealistic.  

3.2.7 Reproductive skew 

We also estimated the variation in the individual breeding value of the females from 

demographic data. We conservatively estimated female reproductive skew by calculating the 

number of calves each female over the age of 9 had successfully raised to the age of one year. 

Generally black rhinos reach sexual maturity around the age of 5 (Law et al. 2015). However, 

the number of females who had had no calves was dominated by younger individuals, and we 

considered that including all females over the age of 5 would inflate the reproductive skew 

present in the population. We chose females aged 9 and above to estimate reproductive skew, 

as the average age of first calving is around 7 years (Owen-Smith 1992) and 9 is around first 

peak of reproductive probability. Females should therefore on average have bred by this age.  

Gedir et al. (2018) utilised a metric called offspring recruitment rate that defined a recruit as a 

calf that survived to four years old, the earliest possible age of sexual maturity. However, we 

chose a cut-off of calf survival at one year old as the purpose of using this metric was to 

estimate breeding success of individual females. As calves age, a death event is less likely to 

be dependent on the mother’s quality, and more dependent on that of the calf. An age of one 

year old was considered to be appropriate to capture the ability of the female to successfully 
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raise calves, without being affected too much by individual differences in calf quality, in line 

with other work on black rhino population dynamics (Hrabar and du Toit 2005).  

The number of yearlings each female had produced was divided by their age above 5, to give 

an annual rate of yearling production. At the start of the projection, or at birth, each female 

was assigned a relative reproductive value using the distribution of the rate of yearling 

production. These values were scaled around zero to preserve the average breeding 

probability of each population. Every year of the simulation, the probability that each 

individual female reproduced was altered by a factor of their relative reproductive value. 

A formal description of the model, following the protocol set out in Grimm et al. (2006), can 

be found in the Appendix 3.2.  

3.2.8 Analysis  

The population model and projections were then used to analyse the impact that female 

reproductive skew has on these black rhino populations, both by itself and when coupled with 

simulated poaching scenarios, the differences between the three populations and the 

importance of different vital rates. 

Reproductive skew and poaching 

We projected the change in the population sizes with and without female reproductive skew 

to test the impact that it has on each population under different poaching regimes. To 

simulate the effect that poaching would have on each population, we used a Bernoulli 

distribution to decide whether each adult over the age of 5 would be poached in a particular 

year. We increased the probability of being poached annually from 0% to 20%, which 

allowed us to compare how the probability of extirpation of each population over 100 years 

changed with and without reproductive skew under different simulated poaching regimes.  

Long-term growth rates and elasticity analysis 

We estimated the stochastic long-term population growth rates of the three populations using 

the results of our simulations. Firstly, we averaged the population size in each year, year t, for 

all 500 simulations. We then calculated the proportional change in this average population 

size between year t and year t+1.  We calculated the long-term population growth rate from 

year 25 to year 100, as transient dynamics in the early stages of the simulations would have 

inflated population growth rates and around year 25 the growth rates entered a stochastic 

oscillating pattern (Appendix 3.3). Where x is this long-term population growth rate, if x > 1 
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then the population will increase over time. The estimated long-term increase of the 

population rlong is given by: 

𝑟𝑙𝑜𝑛𝑔 = 𝑙𝑛𝑥 

In order to show the effect of stochasticity and reproductive skew on the projected growth 

rates of these three black rhino populations, we also estimated the demographic potential of 

each population. We created Leslie matrices for each reserve from the estimated age-specific 

vital rates and then using the popbio package (Stubben & Milligan 2007) we calculated the 

asymptotic population growth rate, λ, for each population. Considering a Leslie matrix A, the 

individual elements of the matrix aij give the rate at which individuals of age j add to age i 

during a single year. λ is the dominant eigenvalue of A. The intrinsic rate of increase of the 

population r, which we term the demographic potential growth rate (Caswell 2000), is given 

by: 

𝑟 = 𝑙𝑛𝜆 

We calculated elasticities of this demographic potential for each vital rate from the Leslie 

matrices. Elasticities quantify the proportional change in population growth rate that results 

from a proportional change in one of the matrix elements. (de Kroon et al. 1986; Caswell 

2000; Heppell et al. 2000). These are calculated by: 

𝑒
𝑖𝑗 = 

𝑎𝑖𝑗

𝜆
 

𝜕𝜆
𝜕𝑎𝑖𝑗

 = 
𝜕𝑙𝑜𝑔𝜆

𝜕𝑙𝑜𝑔𝑎𝑖𝑗 
= 

𝜕𝑟
𝜕𝑙𝑜𝑔𝑎𝑖𝑗

 

Elasticity analysis shows the relative contributions of each vital rate to λ (Heppell et al. 2000) 

and allows for direct comparisons between different vital rates. This means survival and 

reproduction can be compared, which is not possible when using sensitivities. Elasticities 

therefore give an estimate of the importance of ages and demographic rates to the populations 

and their management.  
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3.3 Results 

3.3.1 Reproductive skew 

 

 

The reproductive skew of the females in the three populations, indicated by the variation in 

the annual rate in which females over the age of 9 produce calves that survive to the age of 1, 

largely conforms to a zero-inflated Poisson distribution (Figure 3.1). This demonstrates that 

black rhino females in these populations do vary in their reproductive success.  

Figure 3.1 – Histogram showing the variation in reproductive value of all females above the age of 

9, estimated using the number of calves they raise to the age of one year annually 
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Including reproductive skew in the model has a significant effect on the projected change in 

the Ol Jogi population (Figure 3.2). With reproductive skew included the population size is 

lower than the 2019 size on average after 100 years. There was a lesser effect on the 

projections for Lewa and Ol Pejeta (Appendix 3.4). This shows that the inclusion of female 

reproductive skew in population models is an important consideration, as it can increase the 

Figure 3.2 – A comparison of the population projections for Ol Jogi a) without and b) with 

female reproductive skew. Graphs for Lewa and Ol Pejeta can be found in Appendix 3.4 
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extinction probability for small populations, or those with low intrinsic growth rates, even in 

the absence of offtake.  

 

 

The inclusion of reproductive skew significantly increases probability of extinction under the 

same level of offtake (Figure 3.3). Even with no offtake, 0.8% of the Ol Jogi simulations 

went extinct over 100 years when reproductive skew was included. At 5% offtake, the 

probability increases from 10.2% to 81% when reproductive skew is included in the model. 

The larger populations are also affected. At 10% offtake, the extinction probabilities on Ol 

Pejeta and Lewa increase from 0.4% and 1.6% to 10.2% and 46.4% respectively.  

 

 

 

Figure 3.3 – The change in percentage of 500 simulations that reach a population size of 

zero over 100 years for each population with and without reproductive skew under 

different levels of offtake. 95% confidence intervals calculated using the adjusted Wald 

method 
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3.3.2 Differences between reserves 

 

 

 

Figure 3.4 – a) Birth and death rates for all ages, defined as the probability that an individual will 

breed or die in each year. Points show the raw aggregate demographic rates, with standard errors. 

Lines show the predicted demographic rates calculated using GAMs. b) The mean demographic rates 

across all ages for each reserve, with standard errors. 
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The profile of the birth and mortality rates are what we would expect from a long-lived 

mammal, with relatively high probabilities of mortality for very young and very old 

individuals (Figure 3.4a). The raw data shows no births for individuals under the age of 5 or 

over the age of 34. There are three peaks in birth rates, around 10, 20 and 30 years of age. On 

average, Ol Jogi has higher mortality rates and lower birth rates than the other two reserves 

(Figure 3.4b).  

A comparison of the r and rlong values for each population shows the effect of stochasticity 

and reproductive skew on the projected growth rates of the populations (Table 3.1). It can be 

seen that including these processes decreases the growth rates from the demographic potential 

of all three populations, and changes Ol Jogi from having a positive to a negative growth rate 

over 100 years. Without stochasticity, Lewa has the highest growth rate, whereas with it, Ol 

Pejeta does. Ol Jogi having much lower values than the other two reserves. 

 

Reserve r rlong 

Lewa 0.055206 0.0055619 

Ol Jogi 0.019803 -0.0022949 

Ol Pejeta 0.054787 0.0066700 

Table 3.1 – r and rlong values calculated from the Leslie matrices for each reserve 
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On average, the populations on Lewa and Ol Pejeta are predicted to continue to increase over 

100 years, exceeding the predicted ECCs of 50 and 70 respectively, whereas on Ol Jogi, the 

population is predicted to decline slowly over time on average (Figure 3.5).  

 

 

 

 

 

 

 

 

Figure 3.5 –Projected changes in the sizes of the populations 100 years into the future with 

reproductive skew, starting with the population size and structure at the end of 2019. The solid 

lines show the mean of all 500 simulations and dotted lines show 95% confidence intervals 
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3.3.3 Elasticity analysis 

 

 

Mortality rates have a much greater impact on λ than fecundity rates (Figure 3.6), which is 

expected in mammals with late maturity and low reproductive rates (Oli & Dobson 2003). 

Mortality rates of younger individuals contribute more to λ, and elasticities decline gradually 

with age which can be understood as the younger an individual is, the greater its lifetime 

reproductive potential. There are peaks in the contribution of fecundity to λ at ages that 

broadly correspond with the peaks in fecundity rates (Figure 3.4).  

3.4 Discussion 

Individual-level variation in demography is an important factor to consider in studies of 

population dynamics (Kendall & Fox 2003). Despite this, it is incorporated into PVAs 

relatively rarely. We provide evidence from a free-living and Critically Endangered 

subspecies that variation in female breeding success can increase extinction risk. Datasets 

Figure 3.6 – Elasticities of both vital rates for Ol Jogi. The other two reserves have very similar 

patterns (Appendix 3.5) 
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that allow for estimation of variation in breeding success are rare, but we show that PVAs 

that do not include this key driver of population dynamics may be underestimating extinction 

risk. We also highlight important differences between three key reserves for Kenyan black 

rhinos and identify populations, age groups and vital rates that may require increased 

conservation effort. 

3.4.1 Female reproductive skew 

Reproductive skew in females is not often accounted for in the viability or conservation of 

large herbivore populations but we show that it can affect the projected population growth, 

particularly in small populations or those with relatively low intrinsic growth rates. In the 

current study, we provide empirical evidence for the theoretical proposition that unstructured 

variation in fecundity probabilities can increase extinction risk (Robert et al. 2003). In the 

short term, when coupled with small populations, demographic variance can increase 

extinction risk, and in the long term it reduces effective population size (Ne) and increases 

loss of genetic variation (Trask et al. 2017). This shows that individual-level variation in 

female fecundity is a crucial consideration when constructing population models and 

conducting conservation planning.  

Male reproductive skew has been found to only have a small impact on the extinction risk of 

mammal populations affected by poaching. Variation in the territory size of male tigers 

(Panther tigris), a proxy for harem size, only has a minor impact on the probability of 

extinction of populations subject to poaching (Horev et al. 2012). As far as we are aware, the 

combined impact of variation in female breeding success and poaching has not been 

investigated in a large-bodied vertebrate species. It has previously been found that poaching 

female adult giant pandas (Ailuropoda melanoleuca) leads to lower population sizes and a 

higher chance of extinction than poaching of adult males or young individuals (Yiming et al. 

2003). However, here we have found that female demographic variation significantly 

increases the extinction risk of populations of large mammals that are affected by poaching. 

This may be because when there is variation of reproductive value between individuals in the 

population, a large proportion of total reproductive potential is invested in relatively few 

individuals. If one of these individuals with a high reproductive potential is removed from the 

population, it has a big impact on the projected growth of the population. We suggest that the 

lack of work into the combination of poaching and female reproductive skew is an important 

oversight, and the extinction risk faced by populations due to poaching may have been 
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underestimated due to this. This has far-reaching implications for conservation and the 

extinction risk of species that are affected by poaching.  

With respect to the conservation of black rhinos, the importance of female reproductive skew 

has two implications. Firstly, it highlights just how destructive even low levels of poaching 

can be to the long-term viability of a population of black rhinos (Ferreira et al. 2015) and 

emphasises the importance of the reduction of poaching levels. This is already a management 

priority for rhino management in Kenya, with the aim to keep levels less than 1% per annum 

(KWS 2017). Here we show that even low levels of poaching can significantly increase the 

chances of extinction, especially when coupled with female reproductive skew and small 

population sizes. Secondly, management should be used to try and reduce female 

reproductive skew and encourage as many females as possible to breed. Future research 

should focus on factors that decrease the probability of females breeding and raising young 

whether this be diet, disease, predation or anything else. Most important will be factors that 

are associated with nulliparous females. A significant proportion of females in a population 

can be nulliparous, up to half after translocation events (Gedir et al. 2018). If female-female 

competition can be identified as the cause of skew, then high reproductive success could 

indicate dominance. Translocating dominant females to another population, after they have 

contributed to the source population’s genetic pool, may allow sub-dominant females to 

breed. 

The impact of female reproductive skew, especially when paired with poaching, poses a 

difficult problem for conservation more generally. First of all, assessing whether a species 

exhibits skew in female breeding success requires effective monitoring. Long-term data 

collection is needed to know which individuals are reproducing and the highest risk 

individuals in a population. Even if this is possible, designing conservation programmes to 

mitigate the impact of female reproductive skew will be challenging. Apart from tackling 

poaching and providing optimal habitat conditions, conservation specifically focused on 

alleviating this skew would have to be carried out on an individual basis by either 

encouraging reproduction in females with low success or protecting high-value females. It is 

possible to induce double-clutching, rescue eggs and young from failing nests and use captive 

breeding and cross-fostering to even out the reproductive success of birds in intensive 

conservation programs (Jones & Merton 2012). However, this will be more difficult with 

mammals, especially those that exhibit maternal care.  
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3.4.2 Stochasticity and differences between reserves 

It is estimated that the maximum long term intrinsic growth rate of a black rhino population is 

9%-11% pa (Okita-Ouma et al. 2010). To achieve this, and to allow the use of ‘established 

populations as a ‘breeding bank’ for the provision of a continuous supply of rhinos to build 

up other populations and to expand into new secure areas with suitable habitats’ (KWS 

2017), the underlying causes of variation must be identified. Once potential source and sink 

populations have been identified, metapopulation and habitat management can be used to 

optimise population growth.  

The realised growth rate of these black rhino populations is decreased from their 

demographic potential growth by demographic and environmental stochasticity as well as 

reproductive skew. It is expected that stochastic events have a greater impact on small 

populations (Lacy 2000). Ol Jogi has both a smaller population size and a lower intrinsic 

growth rate than the other two reserves. The vulnerability of this population to extinction 

when faced with stochasticity and variance in female reproductive success is likely to be a 

consequence of both these factors. When projections were run with reproductive skew using 

Ol Jogi vital rates but the starting population structure and carrying capacity of Ol Pejeta, the 

mean population size was still significantly lower than the other two reserves, at around 54, 

and mean population growth was almost 0, after 100 years.  

The three study reserves here are only around 50km from each other and have been 

sanctuaries for comparable periods of time. Ol Jogi and Lewa are also similar sizes (235km2 

and 250km2 respectively) and have similar annual rainfall. The difference in intrinsic growth 

rates is therefore quite surprising and determining the cause of this is crucial for the 

conservation of black rhinos in Kenya. Poor population performance is often attributed to 

overstocking (Patton et al. 2008). However, here we have shown that this is unlikely to be the 

cause of lower growth rates on Ol Jogi, as Lewa has a higher density of black rhinos and a 

higher intrinsic growth rate.  

Differences between populations could be due to the availability of browse on each reserve 

which translates into the quality of the diet available to the rhinos. Assessments give 

relatively similar estimates for the percentage to which browsable plant canopies fill the 0-2m 

zone of the habitat, and also estimate that Ol Jogi has a higher proportion of browse that is 

highly suitable for black rhinos (Adcock et al. 2007). Black rhinos are selective browsers, and 

their dietary preferences may depend on nutritional value as well as the content of phenols 
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and alkaloids (Muya & Oguge 2000). The exact community of plant species and their 

phenology, and not just the availability of browsable plants, may therefore be important for 

rhino health and population growth rates. Black rhinos can incorporate significant amounts of 

herbaceous plants into their diets, which is often attributed to competition with elephants 

(Landman et al. 2013) or reductions in woody cover (Jackson 2018). Rhino diets also vary 

seasonally, possibly due to the decreased palatability of plants in the dry season (Oloo et al. 

1994). Reserves that experience greater seasonality, or more intense droughts, may therefore 

offer less valuable diets to black rhinos that therefore experience higher mortality and lower 

birth rates. 

Black rhinos are affected by a range of diseases (Fischer-Tenhagen et al. 2000) including 

trypanosomiasis (Clausen 1981) and the Ol Jogi population may be affected to a greater 

extent than the other two populations (Ndeereh et al. 2012). Poor genetic diversity could also 

be a factor. Although D. b. michaeli seems to have retained the most genetic diversity of all 

the remaining subspecies of black rhino (Harley et al. 2005), lower heterozygosity has been 

linked to reduced male reproductive success (Cain et al. 2014). Low diversity could be 

affecting populations in unknown ways, and there are suspicions that cases of bilateral 

blindness in Kenyan black rhinos could have a genetic component. Predation may also be a 

potential factor in increasing mortality rates, particularly for young individuals (Plotz & 

Linklater 2009; Patton 2009). 

Studies of several discrete populations allow for the monitoring of the efficacies of different 

conservation strategies. For example, a study of seven Cape mountain zebra populations was 

used to show that low grass abundance is associated with lower population growth rates, 

population density and male-skewed sex ratios (Lea et al. 2016). Management of endangered 

species in discrete populations across varying habitat are natural experiments that allow for 

the causes of demographic variation to be studied. Further work should try to explain the 

differences in growth rates between these three reserves identified here. Future conservation 

planning for black rhinos should then be able to take account of factors that increase death 

rates and decrease birth rates. 

3.4.3 Structure of a black rhino population – elasticities  

Studies of large herbivore dynamics generally identify the survival of adult females (Sæther 

& Bakke 2000) and pre-reproductive life stages (Gaillard et al. 2000) as the most important 

life stages. This study suggests that it is juvenile survival that is most important for black 
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rhino population dynamics. This is an important result for the conservation of black rhinos as, 

coupled with this, all three populations experience high neonatal death rates (Figure 3.4). Calf 

deaths are relatively common and will have a proportionately larger effect on the growth of 

the population than deaths of older individuals.  

The significance of juvenile survival is also important for conservation in light of the 

hypothesis that juvenile survival is the first vital rate to be affected by increasing density of a 

population or other stressors (Eberhardt 2002). If this is true, and it is also the vital rate that is 

most important to future population growth, then monitoring juvenile survival is vital for 

conservation of black rhinos. Any increases in juvenile mortality will act as an early warning 

system for impacts on the population and need to be addressed quickly to prevent a 

depression of population growth. In Namibia and South Africa, calf mortality rates within the 

first year after birth have been found to range between 8% and 14% (Du Toit 2006). Our 

GAMs predict comparable rates, 12% for Lewa and Ol Pejeta and 17% for Ol Jogi. Focusing 

of reducing the death rate of calves should therefore be a conservation priority for these 

reserves, and black rhino managers. Recent work has shown that juveniles, particularly those 

under two years old, have much higher mortality rates after translocation for restocking than 

older individuals (Linklater et al. 2012). This model suggests that the likely death of juveniles 

after release will have a large negative impact on the success of these restocking events and 

reinforces the importance of the recommendation that only adults should be used when 

restocking black rhino populations (Linklater et al. 2012). 

3.5 Conclusion 

Neglecting to include female reproductive skew in mammal population models may result in 

serious underestimation of extinction risk. This is especially the case in species and 

populations affected by human offtake of some kind. Alongside the prevention of illegal 

offtake, conservation strategies for black rhinos may need to take account of female 

reproductive skew and find ways to encourage reproduction in all females. The PVA 

presented here also highlights the importance of preventing juvenile mortality in black rhinos 

and reinforces recommendations to use adults in restocking. 

This work has shown the effectiveness of employing a data-driven approach in the 

construction and parameterisation of population models. The quality and completeness of the 

dataset utilised allowed us to estimate environmental stochasticity and demographic variance 

from real-world data, and not rely purely on demographic theory. Datasets like this one are 
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extremely rare, but we would urge future conservation monitoring programmes to collect 

information on variation in female breeding success if possible, especially if the species is 

affected by poaching or harvesting, which will allow for more accurate estimation of 

extinction risk. 

3.6 References 

Adcock K, Amin R, Khayale C. 2007. Habitat characteristics and carrying capacity relationships of 9 

Kenyan black rhino areas. Darwin Initiative. Kenya Wildlife Service, Nairobi, Kenya. 

Akaike H. 1987. Factor analysis and AIC. Psychosometrica 52:317–332. 

Archie EA, Chiyo PI. 2012. Elephant behaviour and conservation: social relationships, the effects of 

poaching, and genetic tools for management. Molecular Ecology 21:765–778. 

Birkett A. 2002. The impact of giraffe, rhino and elephant on the habitat of a black rhino sanctuary in 

Kenya. African Journal of Ecology 40:276–282. 

Birkett A, Stevens‐Wood B. 2005. Effect of low rainfall and browsing by large herbivores on an 

enclosed savannah habitat in Kenya. African Journal of Ecology 43:123–130. 

Boyce MS. 1992. Population viability analysis. Annual review of Ecology and Systematics 23:481–

497. 

Brodie J, Muntifering J, Hearn M, Loutit B, Brell B, Uri-Khob S, Leader-Williams N, Du Preez P. 

2011. Population recovery of black rhinoceros in north‐west Namibia following poaching. 

Animal Conservation 14:354–362. 

Burnham KP, Anderson DR. 2004. Multimodel Inference: Understanding AIC and BIC in Model 

Selection. Sociological Methods & Research 33:261–304. 

Cain B, Wandera A, Shawcross S, Edwin-Harris W, Stevens-Wood B, Kemp S, Okita-Ouman B, 

Watts P. 2014. Sex‐Biased Inbreeding Effects on Reproductive Success and Home Range 

Size of the Critically Endangered Black Rhinoceros. Conservation Biology 28:594–603. 

Caswell H. 2000. Matrix population models. Sinauer Sunderland, MA, USA. 

Chaudhary V, Oli MK. 2020. A critical appraisal of population viability analysis. Conservation 

Biology 34:26–40. 

Clausen B. 1981. Survey for trypanosomes in black rhinoceros (Diceros bicornis). Journal of Wildlife 

Diseases 17:581–586. 

Clutton-Brock TH, Guinness FE, Albon SD. 1982. Red deer: behavior and ecology of two sexes. 

University of Chicago press, Chicago, USA. 

Cromsigt JPGM, Hearne J, Heitkönig IMA, Prins HHT. 2002. Using models in the management of 

Black rhino populations. Ecological Modelling 149:203–211. 

de Kroon H, Plaisier A, van Groenendael J, Caswell H. 1986. Elasticity: The Relative Contribution of 

Demographic Parameters to Population Growth Rate. Ecology 67:1427–1431. 

Du Toit R. 2006. Guidelines for implementing SADC Rhino conservation strategies. ADC Regional 

Programme for Rhino Conservation, Harare, Zimbabwe. 

Eberhardt LL. 2002. A Paradigm for Population Analysis of Long-Lived Vertebrates. Ecology 

83:2841–2854. 

Edwards KL, Walker SL, Dunham AE, Pilgrim M, Okita-Ouma B, Shultz S. 2015. Low birth rates 

and reproductive skew limit the viability of Europe’s captive eastern black rhinoceros, 

Diceros bicornis michaeli. Biodiversity and Conservation 24:2831–2852. 

Ellis L. 1995. Dominance and reproductive success among nonhuman animals: A cross-species 

comparison. Ethology and Sociobiology 16:257–333. 

Emslie R, Amin R, Kock R. 2009. Guidelines for the in situ re-introduction and translocation of 

African and Asian rhinoceros. IUCN, Gland, Switzerland. 

Emslie RH, Milliken T, Talukdar BK, Burgess G, Adcock K, Balfour D, Knight MH. 2019. African 

and Asian Rhinoceroses-Status, Conservation and Trade A report from the IUCN Species 

Survival Commission (IUCN SSC) African and Asian Rhino Specialist Groups and TRAFFIC 

to the CITES Secretariat pursuant to Resolution Conf. 9.14 (Rev. CoP17) CoP18 Doc. 83.1 



130 

Annex 2. African and Asian Rhinoceroses - Status, Conservation and Trade. CITES 

Secretariat. 

Fantle-Lepczyk J, Taylor A, Duffy DC, Crampton LH, Conant S. 2018. Using population viability 

analysis to evaluate management activities for an endangered Hawaiian endemic, the Puaiohi 

(Myadestes palmeri). PLOS ONE 13:e0198952. 

Ferreira SM, Greaver C, Knight GA, Knight MH, Smit IPJ, Pienaar D. 2015. Disruption of Rhino 

Demography by Poachers May Lead to Population Declines in Kruger National Park, South 

Africa. PLOS ONE 10:e0127783. 

Fischer-Tenhagen C, Hamblin C, Quandt S, Frölich K. 2000. Serosurvey for selected infectious 

disease agents in free-ranging black and white rhinoceros in Africa. Journal of Wildlife 

Diseases 36:316–323. 

Frick WF, Baerwald EF, Pollock JF, Barclay RMR, Szymanski JA, Weller TJ, Russell AL, Loeb SC, 

Medellin RA, McGuire LP. 2017. Fatalities at wind turbines may threaten population viability 

of a migratory bat. Biological Conservation 209:172–177. 

Fritz H, Duncan P. 1994. On the carrying capacity for large ungulates of African savanna ecosystems. 

Proceedings of the Royal Society of London. Series B: Biological Sciences 256:77–82. 

Gaillard J-M, Festa-Bianchet M, Yoccoz NG, Loison A, Toïgo C. 2000. Temporal Variation in 

Fitness Components and Population Dynamics of Large Herbivores. Annual Review of 

Ecology and Systematics 31:367–393. 

Garnier J, Bruford M, Goossens B. 2001. Mating system and reproductive skew in the black 

rhinoceros. Molecular Ecology 10:2031–2041. 

Gedir JV, Law PR, Preez P du, Linklater WL. 2018. Effects of age and sex ratios on offspring 

recruitment rates in translocated black rhinoceros. Conservation Biology 32:628–637. 

Giesen W, Giesen P, Giesen K. 2007. Habitat Changes at Lewa Wildlife Conservancy, Kenya. From 

cattle ranch to conservation area: effects of changing management on habitat from 1962 - 

2006 at Lewa Wildlife Conservancy Kenya. Available from 

http://rgdoi.net/10.13140/RG.2.2.12661.73442 (accessed September 23, 2020). 

Grimm V et al. 2006. A standard protocol for describing individual-based and agent-based models. 

Ecological Modelling 198:115–126. 

Harley E, Baumgarten I, Cunningham J, O’Ryan C. 2005. Genetic variation and population structure 

in remnant populations of black rhinoceros, Diceros bicornis, in Africa. Molecular Ecology 

14:2981–2990. 

Hartig F. 2018. DHARMa: residual diagnostics for hierarchical (multi-level/ mixed) regression 

models. Available from https://CRAN.R-project.org/package-DHARMa. 

Heppell S, Pfister C, Kroon HD. 2000. Elasticity Analysis in Population Biology: Methods and 

Applications. Ecology 81:605–605. 

Higgins K, Hastings A, Sarvela JN, Botsford LW. 1997. Stochastic Dynamics and Deterministic 

Skeletons: Population Behavior of Dungeness Crab. Science 276:1431–1435. 

Horev A, Yosef R, Tryjanowski P, Ovadia O. 2012. Consequences of variation in male harem size to 

population persistence: Modeling poaching and extinction risk of Bengal tigers (Panthera 

tigris). Biological Conservation 147:22–31. 

Hrabar H, Toit JT du. 2005. Dynamics of a protected black rhino (Diceros bicornis) population: 

Pilanesberg National Park, South Africa. Animal Conservation 8:259–267. 

IPBES. 2019. Global assessment report on biodiversity and ecosystem services of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Page 

(Brondizio ES, Settele J, Diaz S, Ngo HT, editors). IPBES secretariat, Bonn, Germany. 

IUCN. 2020. The IUCN Red List of Threatened Species. Version 2020-1. IUCN. Available from 

https://www.iucnredlist.org. 

Jackson J, Childs DZ, Mar KU, Htut W, Lummaa V. 2019. Long-term trends in wild-capture and 

population dynamics point to an uncertain future for captive elephants. Proceedings of the 

Royal Society B: Biological Sciences 286:20182810. 

Jackson L. 2018. Browse availability and reserouce utilisation by the eastern black rhinoceros 

(Diceros bicornis michaeli) on two wildlife conservances in Kenya. University of 

Southhampton, Southampton, UK. Available from https://www.lewa.org/jackson-lara-2018/ 

(accessed March 11, 2021). 



131 

Jones C, Merton D. 2012. A Tale of Two Islands: The Rescue and Recovery of Endemic Birds in New 

Zealand and Mauritius. Page in J. Ewan, D. Armstrong, K. Parker, and P. Seddon, editors. 

Reintroduction Biology: Integrating Science and Management. Wiley-Blackwell, Hoboken, 

New Jersey, USA. 

Kavwele CM, Kimanzi JK, Kinyanjui MJ. 2017. Impacts of Bush Encroachment on Wildlife Species 

Diversity, Composition, and Habitat Preference in Ol Pejeta Conservancy, Laikipia, Kenya. 

International Journal of Ecology. 

Keller L, Reeve HK. 1994. Partitioning of reproduction in animal societies. Trends in Ecology & 

Evolution 9:98–102. 

Kendall B, Fox G. 2003. Unstructured individual variation and demographic stochasticity. 

Conservation Biology 17:1170–1172. 

Kendall BE, Fox GA. 2002. Variation among Individuals and Reduced Demographic Stochasticity. 

Conservation Biology 16:109–116. 

Knight M. 2018. African Rhino Specialist Group report/ Rapport du Groupe de Spécialistes du 

Rhinocéros d’Afrique. Pachyderm 59:14–26. 

KWS. 2017. Kenyan Black Rhino Action Plan 2017-2021 Sixth Edition. Kenya Wildlife Service, 

Nairobi, Kenya. 

Lacy RC. 1993. Impacts of inbreeding in natural and captive populations of vertebrates: implications 

for conservation. Perspectives in Biology and Medicine 36:480–496. 

Lacy RC. 2000. Considering Threats to the Viability of Small Populations Using Individual-Based 

Models. Ecological Bulletins:39–51. 

Lande R, Engen S, Saether B. 2003. Stochastic population dynamics in ecology and conservation. 

Oxford University Press on Demand, Oxford, UK. 

Landman M, Schoeman D, Kerley G. 2013. Shift in black rhinoceros diet in the presence of elephant: 

evidence for competition? PLoS One 8:e69771. 

Law PR, Fike B, Lent PC. 2015. Dynamics of an expanding black rhinoceros (Diceros bicornis 

minor) population. European Journal of Wildlife Research 61:601–609. 

Lea J, Kerley G, Hrabar H, Barry T, Shultz S. 2016. Recognition and management of ecological 

refugees: A case study of the Cape mountain zebra. Biological Conservation 203:207–215. 

Linklater WL, Gedir JV, Law PR, Swaisgood RR, Adcock K, Preez P du, Knight MH, Kerley GIH. 

2012. Translocations as Experiments in the Ecological Resilience of an Asocial Mega-

Herbivore. PLOS ONE 7:e30664 

Linklater WL, Hutcheson IR. 2010. Black Rhinoceros are Slow to Colonize a Harvested Neighbour’s 

Range. South African Journal of Wildlife Research 40:58–63. 

Linklater WL, Swaisgood RR. 2008. Reserve Size, Conspecific Density, and Translocation Success 

for Black Rhinoceros. The Journal of Wildlife Management 72:1059–1068. 

McCullough DR. 1992. Concepts of Large Herbivore Population Dynamics. Pages 967–984 in D. R. 

McCullough and R. H. Barrett, editors. Wildlife 2001: Populations. Springer Netherlands, 

Dordrecht, Netherlands. 

McLeod SR. 1997. Is the Concept of Carrying Capacity Useful in Variable Environments? Oikos 

79:529–542. 

Melbourne B, Hastings A. 2008. Extinction risk depends strongly on factors contributing to 

stochasticity. Nature 454:100–103. 

Mills A, Morkel P, Amiyo A, Runyoro V, Borner M, Thirgood S. 2006. Managing small populations 

in practice: black rhino Diceros bicornis michaeli in the Ngorongoro Crater, Tanzania. Oryx 

40:319–323. 

Milner-Gulland EJ, Bukreeva OM, Coulson T, Lushchekina AA, Kholodova MV, Bekenov AB, 

Grachev IA. 2003. Reproductive collapse in saiga antelope harems. Nature 422:135–135. 

Muya SM, Oguge NO. 2000. Effects of browse availability and quality on black rhino (Diceros 

bicornis michaeli Groves 1967) diet in Nairobi National Park, Kenya. African Journal of 

Ecology 38:62–71. 

Ndeereh D, Ouma BO, Gaymer J, Mutinda M, Gakuya F. 2012. Unusual mortalities of the eastern 

black rhinoceros (Diceros bicornis michaeli) due to clostridial enterotoxaemia in Ol Jogi 

Pyramid Sanctuary, Kenya. Pachyderm 51:45–51. 



132 

O’Grady J, Brook B, Reed D, Ballou J, Tonkyn D, Frankham R. 2006. Realistic levels of inbreeding 

depression strongly affect extinction risk in wild populations. Biological Conservation 

133:42–51. 

Okita-Ouma B, Amin B, Kock R. 2007. Conservation and management strategy for the black rhino 

(Diceros bicornis michaeli) and management guidelines for the white rhino (Ceratotherium 

simum). KWS, Nairobi, Kenya. 

Okita-Ouma B, Amin R, van Langevelde F, Leader-Williams N. 2010. Density dependence and 

population dynamics of black rhinos (Diceros bicornis michaeli) in Kenya’s rhino 

sanctuaries. African Journal of Ecology 48:791–799. 

Oli MK, Dobson FS. 2003. The Relative Importance of Life‐History Variables to Population Growth 

Rate in Mammals: Cole’s Prediction Revisited. The American Naturalist 161:422–440. 

Oloo TW, Brett R, Young TP. 1994. Seasonal variation in the feeding ecology of black rhinoceros 

(Diceros bicornis L.) in Laikipia, Kenya. African Journal of Ecology 32:142–157. 

Owen-Smith R. 1992. Megaherbivores: the influence of very large body size on ecology. Cambridge 

University Press, Cambridge, UK. 

Owen-Smith R. 2001. Overview of the population dynamics of large mammals. Pages 9–13 in R. 

Emslie, editor. Proceedings of a SADC Rhino Management Group (RMG) Workshop on 

Biological Management to meet Continental and National Black Rhino Conservation Goals. 

KwaZulu Natal: Giants Castle Game Reserve. 

Patton F. 2009. Lion predation on the African Black Rhinoceros and its potential effect on 

management. Endangered Species Update 26:43–50. 

Patton F, Campbell P, Parfet E. 2008. Biological management of the high density black rhino 

population in Solio Game Reserve, central Kenya. Pachyderm 44:72–79. 

Plotz R, Linklater W. 2009. Black rhinoceros (Diceros bicornis) calf succumbs after lion predation 

attempt: implications for conservation management. African Zoology 44:283–287. 

R Core Team. 2020. R: A Language and Environment for Statistical Computing. R Foundation for 

Statistical Computing, Vienna, Austria. Available from https://www.R-project.org. 

Robert A, Sarrazin F, Couvet D. 2003. Variation among Individuals, Demographic Stochasticity, and 

Extinction: Response to Kendall and Fox. Conservation Biology 17:1166–1169. 

RStudio Team. 2020. RStudio: Integrated Development for R. RStudio, Boston, MA, USA. Available 

from http://www.rstudio.com/. 

Sæther B. 1997. Environmental stochasticity and population dynamics of large herbivores: a search 

for mechanisms. Trends in Ecology & Evolution 12:143–149. 

Sæther B-E, Bakke Ø. 2000. Avian Life History Variation and Contribution of Demographic Traits to 

the Population Growth Rate. Ecology 81:642–653. 

Shorrocks B, Bates W. 2014. Biology of African Savannahs Second Edition. Oxford University Press, 

Oxford, UK. 

Stenseth NC, Chan K-S. 1998. Nonlinear sheep in a noisy world. Nature 394:620–621. 

Stockley P, Bro‐Jørgensen J. 2011. Female competition and its evolutionary consequences in 

mammals. Biological Reviews 86:341–366. 

Stubben CJ, Milligan BG. 2007. Estimating and Analyzing Demographic Models Using the popbio 

Package in R. Journal of Statistical Software 22. 

Trask AE, Bignal EM, McCracken DI, Piertney SB, Reid JM. 2017. Estimating demographic 

contributions to effective population size in an age-structured wild population experiencing 

environmental and demographic stochasticity. Journal of Animal Ecology 86:1082–1093. 

White GC. 2000. Population viability analysis: data requirements and essential analyses. Pages 288–

331 in L. Boitani and T. Fuller, editors. Research techniques in animal ecology: controversies 

and consequences. Columbia University Press, New York, NY, USA. 

Wood SN. 2003. Thin plate regression splines. Journal of the Royal Statistical Society: Series B 

(Statistical Methodology) 65:95–114. 

Wood SN. 2011. Fast stable restricted maximum likelihood and marginal likelihood estimation of 

semiparametric generalized linear models. Journal of the Royal Statistical Society: Series B 

(Statistical Methodology) 73:3–36. 

WWF. 2020. Living Planet Report 2020 - Bending the curve of biodiversity loss. Page (Almond REA, 

Grooten M, Peterson T, editors). WWF, Gland, Switzerland. 



133 

Yiming L, Zhongwei G, Qisen Y, Yushan W, Niemelä J. 2003. The implications of poaching for giant 

panda conservation. Biological Conservation 111:125–136. 

 

Ethics 

This project was approved by the University of Manchester’s Committee for the ethical 

review of category D research (Ref: 0030). Research was conducted in affiliation with the 

Kenya Wildlife Service and licensed by the Republic of Kenya’s National Commission for 

Science & Innovation (Permit numbers: NACOSTI/P/17/87006/16178 and 

NACOSTI/P/19/1947).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



134 

 

 

 

Chapter 4 – Identifying habitat 

quality: the impact of seasonal 

variation and vegetation cover on the 

diet, microbiome and nemabiome of 

the eastern black rhino (Diceros 

bicornis michaeli) 

 



135 

Abstract 

Identifying suitable habitat for threatened species using methods which do not rely solely on 

historic distributions presents an important challenge to conservation. This is especially the 

case for those which are confined to small parts of their former ranges and fenced reserves. 

One vital part of habitat suitability is the availability of a suitable diet. We used 

metabarcoding of DNA from faecal samples to characterise the diets, microbiome and 

nemabiome of the Critically Endangered eastern black rhino (Diceros bicornis michaeli) 

concurrently across three Kenyan sanctuaries and wet and dry seasons. We combine these 

data with the relative woody and herbaceous cover in each individual’s home range, measures 

of faecal nutrient content, strongyle faecal egg counts and female breeding success. We use 

this to test how diet, its nutritional value and its effects of gut health and fitness, differ 

spatially and temporally. Dietary and microbiome composition were significantly controlled 

by rainfall, vegetation cover and reserve, whereas nemabiome composition was not. The 

composition of diet, microbiome and nemabiome all positively correlated, providing evidence 

that dietary composition is a regulator of the available niches for gut bacteria and nematodes. 

Dietary dispersion increases during the wet season. On Lewa and Pejeta, rhinos shifted their 

diets from Vachellia and Euclea, woody plants, to eat more herbaceous vegetation and 

abundant crude protein content increased. Some herbaceous plant genera including Cenchrus 

and Rhamnus, are associated with high nutrient content. On Ol Jogi, where herbaceous cover 

is much lower and these high-value genera may not be available, dietary nutrient content is 

lower, and individuals shift from Vachellia to Euclea in the wet season. We identify bacterial 

taxa which are indicative of different habitat types and may be key to for digestion and gut 

functioning, including Kurthia in areas of high woody cover and Lachnospiraceae in areas of 

high herbaceous cover. Nemabiome composition was stable spatially and temporally, but 

high parasite burdens occur in areas of high woody cover and are associated with a particular 

nemabiome composition. Finally, we find evidence that older females, which may have a 

competitive advantage over younger females, gained the greatest benefit to their breeding 

success in areas of mixed woody and herbaceous cover. We suggest that herbaceous plants 

are more important to the black rhino than has been previously realised, which is an 

important finding for conservation and may require changes to the ways in which rhino 

habitat is identified, carrying capacity is estimated and habitat is managed. 
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4.1 Introduction 

One of the primary challenges facing modern species conservation is the evidence-based 

identification of suitable habitat (Homyack 2010; Christie et al. 2020). Land use change and 

habitat destruction have caused widespread range declines of many taxa (Ripple et al. 2015; 

Wolf & Ripple 2017). This has often left them confined to relatively small parts of their 

former range which may reflect areas of low threat rather than optimal habitat (Kerley et al. 

2012; Scheele et al. 2017). Climate change and land use change will further alter fitness 

landscapes and shift range boundaries into the future (Prober et al. 2019; Powers & Jetz 

2019). Quantifying the suitability of habitat in ways which do not solely rely on historic 

occurrences is needed to inform the design of effective conservation programmes (Lea et al. 

2017). 

This situation becomes more acute when populations are confined to fenced areas, preventing 

them dispersing and disturbing normal population dynamics (Woodroffe et al. 2014). Fitness 

varies across environmental gradients and when dispersal is not possible, populations in 

‘sink’ areas of low fitness can decline towards extirpation if they are not maintained by 

immigration from ‘source’ areas (Pulliam 1988). Protected areas have often been placed in 

economically marginal areas (Joppa & Pfaff 2009), which reduces conflict with other land 

uses such as agriculture (Venter et al. 2018), or due to the desire of private landowners to use 

their land for conservation (Cumming & Allen 2017). Protected area placement is therefore 

unlikely to be ecologically optimal for the protection of threatened species (Craigie et al. 

2010). 

The Critically Endangered eastern black rhino (Diceros bicornis michaeli) is largely 

conserved in fenced and isolated populations (KWS 2017) because poaching continues to be 

a major threat for rhinos across Africa (Knight 2018). These populations exist in places that 

were largely chosen according to anthropogenic, rather than ecological, factors and it is vital 

to test the habitat suitability of these reserves. Kenya holds the majority of the population of 

this subspecies (Emslie et al. 2019) and the country’s black rhino conservation strategy 

focuses on the ‘creation of intensively protected fenced sanctuaries’ (KWS, 2017). There are, 

therefore, several isolated populations which span a range of habitat types and environmental 

gradients (Adcock et al. 2007). Habitat and population performance can be compared 

between these discrete populations, and also on a smaller scale by comparing the breeding 

histories, health and home range habitat of individuals which are intensively monitored. On a 

population level, modelling has estimated that some Kenyan black rhino reserves face a 
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greater risk of extinction than others (Chapter 3). On an individual level, high variance in 

reproductive success has been identified between individual males (Garnier et al. 2001), and 

females, to a lesser extent (Chapter 3). Explaining this variation, and identifying habitat 

factors which encourage good health and, in turn, high fecundity and survival rates, are vital 

to future conservation planning for the subspecies. 

One possible explanation for variation in black rhino breeding success and population 

performance is access to a suitable diet and its effects on gut health, which are key parts of 

habitat suitability and conservation planning (Landman et al. 2013; Lea et al. 2017). Here, we 

integrate data from a range of methods to test this. Environmental factors can be correlated 

with measures of fitness (Hrabar & Toit 2005), but research that aims to identify suitable 

habitat needs to include individual-level data that can be used to identify mechanistic reasons 

for declines (Kearney & Porter 2009). ‘Biomarkers’, biological characteristics which can be 

used to identify a particular positive or negative process or state (Cooke & O’Connor 2010) 

are a crucial part of explaining variations in fitness (Gaillard et al. 2000). Considering the 

complexity of organisms’ relationships to their environment, using a single biomarker can 

give an incomplete or erroneous picture of what explains fitness variation. Therefore, the 

validation and combination of a suite of biomarkers can provide more reliable information 

(Wasser et al. 2017; Lea et al. 2017). Despite calls for the integration of biomarkers in this 

way, relatively few studies purse this methodology (Madliger et al. 2018).  

Black rhinos are browsers and it is generally expected that reserves with greater tree cover of 

palatable species, such as Vachellia (Acacia) drepanolobium will provide better quality diet 

for the species and therefore have greater carrying capacity (Adcock et al. 2007). A feeding 

track study in Augrabies Falls, Karoo and Vaalbos National Parks in South Africa recorded 

no grasses in black rhino diets (Buk & Knight 2010). Estimates of carrying capacity are 

largely based on the availability of woody species considered to be palatable for the species 

(Adcock et al. 2007). However, some individuals in Addo Elephant National Park in South 

Africa were reported to have up to 63% of their diets made up of grasses (Landman et al. 

2013). It has been shown that rhinos in areas of greater woody cover exhibit earlier age at 

first calving (Okita‐Ouma et al. 2021) and periods of drought can lead to low browse 

availability and longer inter-calving intervals (ICIs) in South Africa (Hrabar & Toit 2005). 

Black rhinos have been shown to increase the proportion of grasses they eat in the presence 

of elephants due to competition for browse, which may indicate stress (Landman et al. 2013). 
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Adaptations to browsing (Owen-Smith 1992) could make this inefficient and lead to long-

term fitness costs.  

Woody plants consumed by browsers contain a high proportion of structural polysaccharides 

such as lignin and cellulose which are not degradable by mammalian enzymes, collectively 

known as dietary fibre (Wright et al. 2001). High proportions of fibre are considered to 

indicate diets which are indigestible and therefore of lower quality (Dierenfeld et al. 1995; 

Van Soest 1996). As well as fibre content, nitrogen (N) is also limiting to herbivore growth 

and can be measured as a proxy of diet quality (Wrench et al. 1997; Landman et al. 2013). 

Measuring the chemical composition of faecal samples has been shown to give an accurate 

estimate of diet and range quality (Erasmus et al. 1978; Wrench et al. 1997; Grant et al. 

2000).  The species community of plants available to black rhinos, and their nutritional 

quality, are important to assess the overall quality of an individual’s diet (Dierenfeld et al. 

1995). Herbaceous vegetation makes up a significant proportion of savannah ecosystem 

productivity, even in African savannas where it is lower than the neotropics (Lloyd et al. 

2008). Black rhino diets depend heavily on availability (Muya & Oguge 2000), so assessing 

the value of herbaceous and woody plants for black rhinos is essential for the siting and 

management of rhino reserves to ensure that high value plants are available.  

The gastrointestinal microbial community (henceforth the ‘microbiome’) is important for 

mammalian herbivores due to its role in digestion (Mackie 2002; Ley et al. 2008; Hanning & 

Diaz-Sanchez 2015). Mammalian enzymes cannot digest many structural plant 

polysaccharides, so many species, including black rhinos, have evolved fermentation 

chambers in their digestive tracts (Clemens & Maloiy 1982). As gut bacteria play an 

important digestive function, we would expect microbiome composition to correlate with diet 

composition as has been found in pika (Ochotona curzoniae) (Li et al. 2016) and the Kenyan 

community of large herbivores (Kartzinel et al. 2019). There are few studies that characterise 

black rhino microbiomes, and studies have focused on the health and breeding of captive 

individuals (Antwis et al. 2019; Roth et al. 2019) or comparisons of wild and captive 

individuals (Gibson et al. 2019).   

Dysbiosis, defined here after West et al. (2019) as the ‘breakdown or collapse of the 

microbial community with typically negative implications for the host’ is often used in 

conservation microbiome research. There are objections to the use of the term (Hooks & 

O’Malley 2017; Olesen & Alm 2016), particularly regarding the inability to distinguish 
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directionality of causation between microbiome changes and poor health (Bäckhed et al. 

2012). Despite this, particular microbiome characteristics which are associated with poor 

habitat and diet, and in turn, with poor fitness and population performance (Jiménez & 

Sommer 2017) can be used as biomarkers (Barelli et al. 2015). These characteristics can be 

identified on the individual or the population level. The ‘Anna Karenina Hypothesis’ (AKH) 

(Zaneveld et al. 2017) proposes that extrinsic challenges and stressors lead to stochastic 

variations in the microbiome variations, rather than shifts from a healthy stable state to an 

unhealthy stable state. If this holds true, then groups of stressed individuals will exhibit 

greater β diversity of their microbiome than unstressed individuals. The AKH could 

potentially allow for the identification of populations that exist in stressful environments 

without the need for the identification of particular taxa or community compositions that are 

deleterious, thereby removing the need for knowledge of the functional role of particular 

bacteria taxa. 

The gastrointenstinal community of nematodes (henceforth the nemabiome) is the name 

given to the community of nematode helminths which inhabit an animal’s gut. Parasites have 

been shown to impact on the growth rate of wild mammal populations, and the nemabiome is 

a crucial consideration for disease and gut health (Page et al. 2012; Coulson et al. 2018). It 

has historically been assumed that nematodes which inhabit the guts of vertebrates are 

parasitic and pathogenic, but recent work has suggested that they can have neutral (Morgan et 

al. 2005) or even positive impacts (Pryor & Bjorndal 2005). The overall parasite burden 

(Stringer et al. 2014) and nemabiome composition (Avramenko et al. 2017) are both 

important for conservation. Gastrointestinal nematode infection may depend on dietary 

quality, as it has been shown that low protein intake in dry seasons is associated with high 

parasite burdens in Kenyan herbivores (Ezenwa 2004). There can also be interactions 

between nematodes and bacteria within hosts. Nematode infections in African buffalo 

(Syncerus caffer) have been shown to make individuals more prone to bovine tuberculosis 

infection (Ezenwa et al. 2010). Black rhino gastrointestinal nematode communities are 

thought to be dominated by strongyles (suborder Strongylida) of genera Kiluluma and 

Khalilia as well as Probstmayria vivipara (Penzhorn et al. 1994; Knapp et al. 1997) but the 

impacts of various nematode taxa on health and fitness are yet to be determined. 

This aim of this study is to provide evidence for the suitability of black rhino habitat. We 

characterise variations in diet, microbiome and nemabiome between three reserves in 

Laikipia and Meru Counties in Kenya. We then test whether the these are affected by the 
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ratio of woody cover and herbaceous cover in an individual’s habitat, the reserve they inhabit, 

seasonality, and whether the three covary. We tested whether particular habitat types and 

dietary compositions are associated with differing nutrient levels and the relationship 

between the nemabiome and nematode parasite burden. Among females, environmental 

factors were compared with age and a measure of breeding success to demonstrate whether 

these differences combined to impact on individual fitness. This allows us to provide 

evidence for the suitability of black rhino habitat and identify which of these factors can be 

used as biomarkers in future studies of rhino health and conservation.   

4.2 Methods 

4.2.1 Study populations 

Lewa Wildlife Conservancy is sited in Meru County (0.20°N, 37.42°E), has an average 

annual rainfall of 570mm and is dominated by Vachellia (Acacia) drepanolobium wooded 

grassland with other habitats including mixed species bushland and mountain forest (Adcock 

et al. 2007; Giesen et al. 2007). Ol Pejeta Conservancy in Laikipia Country (0.02°N, 

36.90°E) has an average annual rainfall of around 740mm and the habitat cover types are 

dominated by grassland, V. drepanolobium wooded grassland and Euclea divinorum thicket 

(Adcock et al. 2007; Kavwele et al. 2017). Ol Jogi Conservancy also in Laikipia County 

(0.32°N, 36.98°) has an average annual rainfall of around 570mm and is dominated by 

Vachellia and Senegalia woodland/thicket and has a smaller proportion of V. drepanolobium 

wooded grassland than the other two reserves (Adcock et al. 2007).  

4.2.2 Environmental data 

All geographical analyses were conducted in QGIS version 3.16 (QGIS.org 2020). 

Rainfall 

We estimated the amount of rainfall in across the study reserves during field seasons using 

the Climate Hazards Group Infrared Precipitation combined with Station observations 

(CHIRPS) dataset at a resolution of 0.05° (Funk et al. 2015). We used rainfall over the 30 

days previous to sample collection for the pixel under each sample, which is roughly 

equivalent to 5.5km2, to give a biologically relevant measure of water availability to both the 

rhinos and vegetation (Birkett & Stevens‐Wood 2005). We split this into four quantile groups 

for some analyses at ranges of 7.48mm - 27.5mm, 27.5mm – 40.00 mm, 40.01mm – 

72.10mm and 72.10mm – 203.50mm.  
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Woody cover 

This work uses land cover maps of sub-Saharan Africa built using Moderate Resolution 

Imaging Spectroradiometer (MODIS) remote sensing images and validated maps of woody 

and herbaceous cover (Kahiu & Hanan 2018). These are produced by a validated method of 

partitioning Leaf Area Index (LAI), defined as the one-sided green leaves per unit ground 

area, into woody and herbaceous components in sub-Saharan ecosystems using the differing 

phenology of these plant taxa. The resulting map layers show the proportion herbaceous 

cover and woody cover at a resolution of 1km2 (Kahiu & Hanan 2018). The dataset is split 

into eight-day periods, which show the mean leaf cover for that period from the years 2003-

2015. We extracted the leaf cover from the eight-day period which showed the maximum 

woody and herbaceous cover on each reserve individually and gave an estimation of the 

maximum potential leaf cover of each type. This measure therefore shows the maximum 

potential cover of each type of vegetation. 

We extracted woody and herbaceous cover in the estimated home ranges of each rhino. Black 

rhino home ranges vary in size and are generally larger than the resolution of the leaf cover 

data (Emslie et al. 2009). We estimated home ranges of individuals using the dung sampling 

outlined in section 4.2.4. Black rhinos excrete dung in middens that are spread around their 

home ranges. Home ranges were estimated using all the dung samples collected over the two 

field seasons described in section 4.2.4 and another one which took place between October – 

December 2017. This was a total of 449 faecal samples from 128 individuals. The number of 

samples per individual ranged from 1 to 13. 100 individuals had more than one sample, with 

a mean of 4.2 sample per individual and a mode of 3. The size of each individual’s home 

range was estimated by creating a minimum bounding circle around each individual’s 

samples, truncated at the boundary of the reserves. This gave a mean range size of 15.5km2. 

The 28 individuals which had one sample were assigned a home range with a radius which 

was equivalent to the mean of the radii of the other individuals, around 2.2km. The woody 

cover, herbaceous cover and the ratio of the two (referred to as vegetation cover) was then 

calculated within each of these home ranges. The ratio was log transformed for inclusion in 

analyses. As the rainfall data is at a coarse resolution, the rainfall of the pixel under each 

sample was used. 

4.2.3 Breeding data 

Intensive monitoring means that dates of births, deaths and breeding events of black rhinos 

are accurately recorded, and we used these records to calculate measures of breeding success. 
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Here we use two measures of breeding success. The first is the number of calves a female has 

produced. The older a female is, the more time they have had to breed, so we also included 

age in our analyses. Breeding data was available for 63 adult females, defined as being over 

the age of 5, who were sampled across the three trips, 24 from Lewa, 23 from Ol Jogi and 16 

from Ol Pejeta. 

The second is a measure called ‘yearling rate’ which we used when grouping female rhinos 

for bacterial indicator analysis. This is defined as the annual rate which females over the age 

of five produced calves which survived to one year old. This yearling rate metric takes 

account of both breeding rate and the ability of females to successfully raise a yearling. Calf 

mortality is important for black rhino conservation (Mills et al. 2006) and should be 

incorporated into measures of fitness. Females which have not bred are assigned a yearling 

rate of zero, but amongst females which have bred, larger yearling rates indicate greater 

reproductive success. 

Paternity is difficult to assign without the use of genetic techniques (Garnier et al. 2001; Cain 

et al. 2014), as mating is not always observed and females may mate with several males 

during oestrus. Due to this uncertainty, we did not include data on male breeding in the 

analyses.   

4.2.4 Sampling 

We collected samples over two field seasons, June – July 2018 and January – March 2019. 

These periods were chosen because they span wet and dry seasons (Adcock et al. 2007). Due 

to the security and monitoring activities on the three reserves, each rhino is known by name 

and it is usually possible to estimate their location on a particular day. Samples included in 

the analysis were either observed being excreted or could be assigned to particular individual 

with a high degree of confidence. Only samples less than 6 hours old were collected and most 

were collected in the early morning and late afternoon. 

We collected samples from at least two complete boluses per dung pile, from several areas of 

each bolus and avoiding the surface 1cm depth. Samples were placed in sealed plastic bags 

and had excess air removed. We conducted faecal egg counts and processing for storage of 

samples appropriate for metabarcoding and hormonal analysis within 6 hours of defecation.  
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4.2.5 Proximate diet analysis 

Storage 

We air-dried a part of each sample for around 48 hours until fully dry. These were then stored 

in clean sample bags until they were ground to a powder ready for analysis. 

Analysis 

We estimated the dietary fibre and nitrogen (N) content of 90 faecal samples, 30 from each 

reserve and from 49 different individuals. One individual had three samples, 39 individuals 

had two samples, and nine had one. 75 of these samples were also included in the 

metabarcoding analysis. Samples were run in duplicate and the means of the two values were 

used in analysis. 

Neutral detergent fibre (NDF) content represents components of diet which are of low 

digestibility, and show the content of hemicellulose, cellulose and lignin. It was measured 

using digestion with a neutral detergent solution of sodium dodecyl sulphate and ethylene 

diamine tetra acetic acid (EDTA) and the cell contents soluble in neutral pH are then 

extracted and retained by filtration (Van Soest et al. 1991). Acid detergent fibre (ADF) is 

NDF without the hemicellulose and represents the least digestible parts of the diet. It was 

measured by dissolving the product of the NDF analysis using cetyl trimethyl ammonium 

bromide (CTAB) (Van Soest et al. 1991; Van Soest 1996). Generally, low values of both 

indicate digestible diets. A combination of the two measures can be used to calculate relative 

feed value (RFV), a metric used widely in the livestock industry (Jeranyama & Garcia 2004), 

using the formulas below: 

𝐷𝐷𝑀 = 88.9 − (0.779 𝑥 𝐴𝐷𝐹) 

𝐷𝑀𝐼 = 120/𝑁𝐷𝐹 

𝑅𝐹𝑉 =
(𝐷𝐷𝑀 𝑥 𝐷𝑀𝐼)

1.29
 

 

𝐴𝐷𝐹 = 𝐴𝑐𝑖𝑑 𝑑𝑒𝑡𝑒𝑟𝑔𝑒𝑛𝑡 𝑓𝑖𝑏𝑟𝑒,  

𝐷𝐷𝑀 = 𝐷𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑙𝑒 𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟,  

𝐷𝑀𝐼 = 𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 𝐼𝑛𝑡𝑎𝑘𝑒,  

𝑁𝐷𝐹 = 𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑑𝑒𝑡𝑒𝑟𝑔𝑒𝑛𝑡 𝑓𝑖𝑏𝑟𝑒, 

𝑅𝐹𝑉 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐹𝑒𝑒𝑑 𝑉𝑎𝑙𝑢𝑒  
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This calculation provides a metric where the higher the value, the more digestible the diet, 

and a diet of maximum digestibility would have a value of 100. This metric is designed for 

dairy cows fed on an alfalfa-based diet but the relative differences represent variations in 

digestibility of diets. 

We measured N content using the flash combustion technique (Campbell & Plank 1992) on a 

Vario Max cube CN analyser. Crude protein content can be estimated from the N content of 

the samples based on the observation that all proteins contain about 16% N, so is estimated 

by multiplying the proportion N content by 6.25. One sample had an anomalously high N 

content so was removed from analysis.  

4.2.6 Faecal egg counts 

We estimated the burden of intestinal strongyle infection using faecal egg counts (FECs) on 

all samples included in both the metabarcoding and nutrient analyses. FECs were conducted 

on fresh samples as soon as possible after collection. Stringer et al. (2013) tested FECs in 

black rhinos and we followed the recommended sampling protocol, as described in section 

4.2.4.  

We carried out FECs using a modified McMaster technique (Zajac & Conboy 2012) using a 

saturated sodium chloride salt solution for flotation. After homogenisation inside the sample 

bags, we mixed 3 grams of sample with 42ml of saturated salt solution, sieved and left to 

stand for 3 minutes. We then counted number of eggs within both grids of a McMaster slide 

(a total of 0.3ml of solution), giving an analytical sensitivity of 50 eggs per gram (EPG) of 

faeces. 

4.2.7 Metabarcoding 

Storage 

We homogenised samples in their sample bags, and then removed around 3g using sterile 

implements. We stored samples in 8ml of 100% ethanol during the field season up to a 

maximum of nine weeks. Storage in ethanol has been shown to be effective for the extraction 

of DNA up to six months after sample collection (Murphy et al. 2002). These tubes were then 

stored at -20°C until DNA extraction in November 2019.  

226 samples were used for the metabarcoding analysis, 73 from Lewa, 53 from Ol Pejeta and 

100 from Ol Jogi, from a total of 88 different individuals. 
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Extraction  

We extracted DNA using the QIAamp DNA Stool Mini Kit (Qiagen, UK) according to the 

manufacturer’s protocol with the addition of an incubation at 95°C for 30 minutes. Extraction 

was carried out with an extraction blank to act as a negative control in a laboratory designed 

to conduct molecular analyses, with separate pre- and post-PCR rooms and different 

equipment for extraction, PCR (including a PCR cabinet sterilised after each batch) and post-

PCR processing. Products were checked using a Qubit 4 Fluorometer using a Qubit™ 

dsDNA BR Assay Kit (Invitrogen, CA, USA) according to the manufacturer’s instructions. 

All extraction blanks had DNA concentrations that were too low to quantify. 

We analysed samples for bacterial, plant and nematode composition using amplicon 

sequencing. For bacteria, we used 16s rRNA V4 region (Kozich et al. 2013; Antwis et al. 

2019). For nematodes we used the rDNA ITS-2 region accordng to (Avramenko et al. 2015, 

2017). For plants we used the P6 loop of the chloroplast trnL(UAA) region (Kartzinel et al. 

2015, 2019). We dual-indexed amplicon sequences with index primers to allow for DNA 

sequences to be assigned to their sample. The 5’ end of each forward amplicon primer was 

tagged with one of 16 8-nt multiplex identification (MIID) tags, and the 5’ end of each 

reverse amplicon primer was tagged with one of 8 8-nt MIID tags. These indexes could be 

combined to give 384 different combinations which allowed for all PCR products to be 

uniquely identifiable after they were pooled for sequencing. (Primer sequences in Appendix 

4.1).  

Bacteria 

We amplified the DNA and indexed for the 16S rRNA gene (v4 region) in one round of PCR 

using dual indexed forward and reverse primers (Kozich et al. 2013). PCRs were run in 30μl 

reactions using 5x HOT FIREPol Blend Master Mix (Solis BioDyne, Estonia), 2μM primers 

and 3μl of sample DNA using thermocycling conditions of 95 °C for 15 min; 25 cycles of 

95 °C for 20s, 50 °C for 60s, 72 °C for 60s; and a final extension at 72 °C for 10 min. 

Diet 

We amplified DNA in 25μl PCRs according to Kartzinel et al. (2015) for the trnL-P6 region 

using Platinum Green Hot Start PCR 2X Master Mix (Thermo Fisher, MA, USA), 0.2μM 

each primer [trnL(UAA)g/trnL(UAA)h], and 2μl of sample DNA using thermocycling 

conditions of 95 °C for 5 min; 35 cycles of 95 °C for 30s, 55 °C for 40s, 72 °C for 60s; and a 

final extension at 72 °C for 10 min. We cleaned PCR products using HighPrep PCR clean up 
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beads (MagBio, USA) according to the manufacturer’s instructions. We used a second round 

of PCRs to add the indexes to the amplicon primers in 25μl reactions using KAPA HiFI 

Ready mix (Kapa Biosystems, MilliporeSigma, MI, USA), 1μM index primes and 2μl 

cleaned PCR product using thermocycling conditions of 95 °C for 45s; 7 cycles of 98 °C for 

20s, 63 °C for 20s, 72 °C for 2 mins.  

Nematodes 

We amplified DNA in 25μl PCRs in a protocol modified from Avramenko et al. (2015) for 

the rDNA ITS-2 region using Kapa HiFi Hotstart PCR kit with dNTPs (Kapa Biosystems, 

MilliporeSigma, MI, USA). Following the method set out in Avramenko et al. (2015), 

amplicon primers were made up of four forward and four reverse primers with 0, 1, 2 or 3 

random nucleotides included between the locus specific primer sequence and Illumina 

adapter sequence to increase the diversity of generated amplicons. Forward and reverse 

primers were mixed in equal proportions and 0.5μM of each of the forward and reverse mixes 

were used in the PCRs along with 4μl of sample DNA. We used double the amount of DNA 

and modified the themocycling conditions from Avramenko et al. (2015) after quality 

checking of PCR products. Final conditions used were 95 °C for 2 mins; 35 cycles of 98 °C 

for 20s, 62°C for 15s, 72°C for 15s; and a final extension at 72 °C for 2 minutes. We cleaned 

PCR products using HighPrep PCR clean up beads. We used a second round of PCRs to add 

the indexes to the amplicon primers in 25μl reactions using KAPA Kapa HiFi Hotstart PCR 

kit with dNTPs (Kapa Biosystems, MilliporeSigma, MI, USA), 1μM index primers and 2μl 

cleaned PCR product using thermocycling conditions of 95 °C for 45s; 7 cycles of 98 °C for 

20s, 63 °C for 20s, 72 °C for 2 mins.  

Sequencing 

The method used was the same for all three groups from this point, with the exception of 

differing library concentrations, percentage PhiX spikes and the Miseq kits used for the full 

sequencing run of the bacteria analysis. We quality checked PCR products on an Agilent 

2200 TapeStation with High Sensitivity D1000 ScreenTape (Agilent Technologies, CA, 

USA) according to manufacturer’s instructions and then cleaned them using HighPrep PCR 

clean up beads. We used 1μl of product from each sample to create a titration pool. We 

determined the average library sizes using the TapeStation and quantified them on the Qubit. 

The average fragment size and concentration were used to dilute the pool to 4nM and a we 

conducted a titration sequencing run using paired-end reads (2 × 150 bp) with a 50-cycle 

reagent kit (MiSeq Reagent Kit v2 MS-102-2001) at a concentration of 4pM for all three 
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libraries, with a 5% spike of PhiX Control v3 (Illumina, FC-110-3001) for the bacteria and 

15% spike for diet and nematodes on the Illumina MiSeq platform at the International 

Livestock Research Institute, Nairobi. 

Pool normalisation 

The results of the titration sequencing were used to create the pool for the full sequencing 

runs. We pooled samples for the full run according to concentration to minimise sequencing 

bias, and the amount of each product included in the pool for the final sequencing run was 

inversely proportional to the occurrence of their tagged sequences in the titration run.  

Full sequencing 

We determined average library sizes using TapeStation and quantified them on the Qubit. 

The average fragment size and concentration were used to dilute the pool to 4nM. We 

conducted diet sequencing using paired-end reads (2 × 250 bp) with 500-cycle reagent kits 

(MiSeq Reagent Kit v2 MS-102-2003) and a 15% spike of PhiX Control v3 at a library 

concentration of 4pM. For nematodes, we conducted sequencing using paired-end reads 

(2 × 250 bp) with 500-cycle reagent kits (MiSeq Reagent Kit v2 MS-102-2003) and a 15% 

spike of PhiX Control v3 at a library concentration 9.5pMs. We conducted bacteria 

sequencing using paired-end reads (2 × 300 bp) with a 600 cycle reagent kit (MiSeq Reagent 

Kit v3 MS-102-3003) at a concentration of 12pM and a 5% spike of PhiX Control v3 

(Illumina, FC-110-3001). All sequencing runs were carried out on the Illumina MiSeq 

platform at the International Livestock Research Institute, Nairobi.  

Pre-processing 

The target amplicon for the diet analysis, and for some of the nematode sequences, were 

shorter than the paired reads which were sequenced, so adapters were present in the resulting 

sequences. We used Cutadapt 2.1 (Martin 2011) to remove the forward and reverse adapters 

present in the data. One of the diet samples had no reads, could not be put through the 

Cutadapt pipeline and was therefore excluded from the remainder of the analysis. The rest of 

the processing and analysis was conducted in Rstudio (v1.3.1093) (RStudio Team 2020) for 

R (v4.0.3) (R Core Team 2020). We processed resulting amplicon sequences in DADA2 

(v1.18.0) (Callahan et al. 2016), using the package to filter, trim and denoise, merge paired 

reads and remove chimeras. A sample having fewer than 2000 reads is often considered to be 

indicative of sample failure (Avramenko et al. 2015), so we removed these samples from 

analysis. Reference libraries are available for 16S rRNA bacterial studies (McLaren 2020), 
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ITS-2 nematode studies (Workentine 2019; Workentine et al. 2020) and the P6 loop of the 

chloroplast trnL(UAA) region for plants from this region of Kenya (Gill et al. 2019). We 

used these to assign each unique sequence, called an amplicon sequence variant (ASV), to a 

known taxon if possible. 

Bacteria 

A total of 4,608,550 raw sequence reads from 226 samples were generated during 

sequencing. Modal contig length was 253bp once paired-end reads were merged. We 

removed ASVs with length < 250 bp and > 260 bp (15 out of 10,145 ASVs; ~0.009% of total 

sequences) along with chimeras and 1 ASV found in the negative controls. 26 samples with 

fewer than 2000 overall reads were removed from further analyses. ASVs with fewer than 

100 total reads were also removed from analyses, as is common practice in 16S microbiome 

studies which produce a lot of reads and many ASVs with low total numbers of reads (Longo 

& Zamudio 2017; Antwis et al. 2019). This removed a further 3 samples from the analysis, 

leaving 197 samples with a mean of 10542 reads per samples (range 2022 – 60997). 

Taxonomy was assigned using the SILVA v138 database (Quast et al. 2013; Yilmaz et al. 

2014). 49% of ASVs were identified to genus level, and 72% to family level. 

Diet 

A total of 1,175,868 raw sequence reads from 225 samples were generated during 

sequencing, one sample contained no reads and was removed prior to Cutadapt processing. 

Modal contig length was 51bp once paired-end reads were merged. 245 Sequence variants 

(ASVs) were identified, and they ranged in length from 50bp to 115bp which falls in the 

expected length of the amplicon. 19 samples with fewer than 2000 overall reads were 

removed from further analyses, leaving 206 samples and a mean of 5552 reads per sample 

(range 2100 - 209032). Taxonomy was assigned using a local trnL-P6 reference library, 

version 2.0, constructed at Mpala Research Centre (Gill et al. 2019). 67% of ASVs were 

identified to genus level, and 93% to family level.  

Nematode 

A total of 1,565,264 raw sequence reads from 226 samples were generated during 

sequencing. Modal contig length was 275bp once paired-end reads were merged. We 

removed sequence variants (ASVs) with length <100bp (157 out of 1144 ASVs; ~0.6% of 

total sequences). The longest sequenced ASV was 386bp, which is within the expected range 

of 100bp-700bp (Workentine et al. 2020). 41 samples with fewer than 2000 overall reads 



149 

were removed from further analyses, leaving 185 samples and an average 7651 reads per 

sample (range 2001 - 287266). Taxonomy was assigned using the Nematode ITS2 v1.0.0 

database (Avramenko et al. 2015; Workentine et al. 2020). 

A relatively low number of nematode ASVs were successfully assigned taxonomy. 35% were 

identified to genus level, and 36% to family level. The relatively low number of identified 

taxa meant that while the nemabiome data could be included in diversity analyses, they could 

not be used for indicator taxa, differential abundance and co-occurrence analyses. 

4.2.8 Analysis 

Further analysis was conducted using the phyloseq package (McMurdie & Holmes 2013) 

which combines the final ASV table, taxonomy table and sample metadata. 

Home range woody and herbaceous cover 

We used ANOVA and post hoc Tukey tests to demonstrate the differences between the 

woody cover, herbaceous cover and log10(woody:herbaceous) ratio of rhino home ranges 

from the three different reserves. This ratio is termed ‘vegetation cover’. 

We used mixed effects models with rhino ID as a random effect, using the lmer function from 

the lme4 and lmerTest packages (Bates et al. 2014; Kuznetsova et al. 2017), to test whether 

nutrient measures were significantly predicted by rainfall and vegetation cover. Some 

relationships were non-linear and for these analyses a comparison of linear and polynomial 

regressions is presented in Appendix 4.2. 

Community composition 

We demonstrated the difference in composition of dietary plant community, microbiome and 

nemabiome between reserves by converting the data to relative abundance. We agglomerated 

data to the family, phyla and genus level for plant, bacteria and nematodes respectively, and 

used this data to produce stacked bar plots which present the relative abundance of these taxa 

for each reserve. For diet, we also identified the relative proportion of different plant families 

in each rainfall quantile group. We conducted a permutational ANOVA (permANOVA) 

using the adonis2 function in the vegan package (Oksanen et al. 2018) to assess the marginal 

effects of ID, rainfall, reserve and vegetation cover on community composition.  

Alpha diversity 

We rarefied data to a level of 2000 reads per sample, and calculated Shannon index of alpha 

diversity using the estimate_richness function in the phyloseq package (McMurdie & Holmes 
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2013). We then tested whether the alpha diversity of dietary plants, microbiome and 

nemabiome was significantly predicted by rainfall, reserve and vegetation cover using linear 

mixed effects models, with rhino ID as a random effect  

We used multilevel Spearman’s correlations, controlling for rhino ID, to test whether there 

were correlations between the alpha diversity measures of the three datasets.  

Distance and dispersion, nutrient level and faecal egg counts 

In order to test the β diversity (henceforth called dispersion) present within different groups 

of samples, for example Lewa dry season samples, we centre-log ratio (CLR) transformed 

numbers of reads using the transform function from the microbiome package (Lathi & Shetty 

2017) and produced a Euclidean distance matrix using the distance function from phyloseq 

(McMurdie & Holmes 2013). This presents the pairwise distances between samples in each 

dataset. We used this to produce a series of Principal Component Analysis (PCoA) plots to 

demonstrate variation in dispersion between reserves and across environmental gradients. We 

then used the betadisper functions from the vegan package, which is a multivariate analogue 

of Levene’s test for homogeneity of variance (Oksanen et al. 2018), to calculate the distance 

to the centroid of all samples. We used this to test whether dietary dispersion predicted 

nutrient content, and whether nematode dispersion predicted EPG of faecal egg counts using 

linear mixed effects models with rhino ID as a random effect.  

In order to test the dispersion of the diet community, microbiome and nemabiome between 

reserves, areas of high and low woody to herbaceous cover, and with different levels of 

rainfall, were merged samples which came from the same individuals within each rainfall 

group using the merge-samples function in phyloseq (McMurdie & Holmes 2013) to prevent 

pseudoreplication. Two Ol Jogi individuals had very anomalous nemabiomes and the samples 

from these individuals were excluded from dispersion analyses as they had a disproportionate 

effect on the results. There were 87 individuals for diet, 86 for microbiome and 83 for 

nemabiome. Samples were split into four quantile groups according to monthly rainfall levels 

(7.5mm-27.5mm, 27.6mm-40.0mm, 40.1mm-72.1mm, 72.2mm-203.5mm) to allow for tests 

of dispersion between samples along a gradient of rainfall. We used CLR transformations, 

calculated Euclidean distance matrices and estimated whether dispersion was different 

between reserves and across a rainfall gradient using the betadisper function to calculate 

distance to centroid. We tested correlations in pairwse distances of samples between the three 

datasets, represented by the Euclidean distance matrices, using Mantel tests utilising 
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Spearman’s correlations using the mantel function from the vegan package (Oksanen et al. 

2018). There were 83 individuals in common between diet and microbiome, 81 between 

microbiome and nemabiome and 82 between diet and nemabiome.  

Differential abundance, indicator and co-occurrence analysis 

We used the rarefied plant data, agglomerated to genus level, in differential abundance 

analysis using the ALDEx2 package (Fernandes et al. 2013) to identify what plant genera 

appeared at significantly different abundance in samples of above and below mean crude 

protein and RFV. This analysis does not directly measure the nutrient content of particular 

plant taxa, but rather tests whether plant taxa are significantly associated with samples of 

high and low nutrient content using a Wilcoxon signed-rank test.  

We used co-occurrence analysis to identify bacteria genera which significantly co-occurred 

with plant genera of interest.  Rarefied data was agglomerated to the genus level and 

correlations between the occurrence of different genera were calculated using Spearman’s 

correlation using the cor.test function from the stats package (R Core Team 2020). Bacteria 

which significantly positively occurred with Senegalia, Euclea and Cenchrus are presented. 

We chose these genera due to their association with each reserve and low and high nutrient 

values. Senegalia species are considered to be a palatable for black rhinos (Muya & Oguge 

2000; Adcock et al. 2007). As members of the family Poacae, Cenchrus species are 

considered to be little utilised or less preferred to browse (Buk & Knight 2010; Landman et 

al. 2013). Euclea was present at greater proportions on Ol Pejeta than the other two reserves. 

We used indicator analysis to identify bacterial genera with significantly different prevalence 

between females with above and below average yearling rate, and rhinos from areas of above 

(Ol Jogi) and below (Lewa and Ol Pejeta) the mean of the ratio of woody to herbaceous 

cover. We agglomerated rarefied microbiome data to genus level. We then calculated relative 

abundance of each genus and used the multiplatt function from the indicspecies package 

(Cáceres & Legendre 2009) to conduct the analysis.   

Female age and breeding rates 

We tested the effect of age and vegetation cover on the number of calves which females had 

produced using a polynomial regression to test for non-linear relationships and interactions. 

A comparison of linear and polynomial regressions is presented in Appendix 4.2. 
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4.3 Results 

4.3.1 Home range vegetation cover 

The vegetation cover of rhino home ranges varied across the three reserves (Figure 4.1): 

home ranges on Ol Jogi had more woody cover (Table 4.1) and less herbaceous cover (Table 

4.2) than the other two reserves. Thus, Ol Jogi had a higher ratio of woody to herbaceous 

cover than the other two reserves (Table 4.3). 

Table 4.1 ANOVA testing differences in woody cover on each reserve 

 

Table 4.2 ANOVA testing differences in herbaceous cover on each reserve 

 

Table 4.3 ANOVA testing differences in the ratio of woody to herbaceous cover on each reserve 
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Fig 4.1 Boxplots showing the leaf 

cover in the home ranges of rhinos on 

all three reserves. a) shows mean 

woody cover b) shows mean 

herbaceous cover and c) shows the 

log10(woody cover:herbaceous cover) 

where a value of 0 indicates exactly 

equal proportion of woody and 

herbaceous cover, positive numbers 

indicate a greater proportion of woody 

than herbaceous cover, and negative 

numbers indicate greater herbaceous 

cover than woody cover. 
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Nutrient content  

RFV of diets decreased as the ratio of woody to herbaceous vegetation increased (Figure 4.2) 

but did not vary with rainfall (Table 4.4). Crude protein also declined with increasing woody 

to herbaceous cover (Figure 4.3a) but increased with rainfall (Figure 4.3b) (Table 4.5). 

Table 4.4 Linear mixed effects model testing predictors of RFV

 

Table 4.5 Polynomial mixed effects model testing predictors of crude protein

Figure 4.2 Relationship between RFV and vegetation cover   
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Figure 4.3 Relationship between crude protein and a) vegetation cover and b) rainfall  
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4.3.2 Diet 

Composition  

Plant dietary community composition significantly varied with vegetation cover, rainfall and 

between reserves (Table 4.6). 

Table 4.6 permANOVA testing predictors of dietary composition 

 

The differences in diet composition across the three reserves (Figure 4.13a, full results in 

Appendix 4.3) were driven by a higher proportion of Poaceae in rhino diets on Lewa and Ol 

Pejeta, which also had more herbaceous cover in their home ranges, than on Ol Jogi (11%, 

17% and 3% respectively). Ol Jogi diets were dominated by Fabaceae (74% of all sequences 

assigned to family level, primarily the genera Vachellia and Senegalia) as compared to Lewa 

and Ol Pejeta (42% and 17% respectively). In contrast, diets on Ol Pejeta were dominated by 

Ebenaceae (46% of all sequences assigned to family level, almost solely made up of Euclea) 

and the diets of Lewa rhinos were more evenly spread amongst families with Celeastraceae, 

Amarathacea and Asteraceae making up abore 3% of all sequences assigned to family level. 

In very dry periods, diets were dominated by Fabaceae, whereas the proportion of other 

families increased in wetter periods. Grasses made up around 20% of diets in the wettest 

periods.  
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Diversity and dispersion 

The alpha diversity of diets increased with rainfall (Figure 4.4) but was not explained by 

vegetation cover (Table 4.7) 

Table 4.7 Linear mixed effects model testing predictors of dietary alpha diversity 

 

 

 

 

 

 

Figure 4.4 Alpha diversity (Shannon Index) of dietary plants against rainfall 
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Dietary dispersion, measured as distance to centroid, for individuals on Lewa was greater 

than on the other two (Table 4.8) (Figure 4.9a) (Boxplot in Appendix 4.4). Dispersion 

increased with rainfall when samples were separated into four quantile groups of increasing 

rainfall (Figure 4.5) (ANOVA:F3,158 = 14.92, p<0.001). 

Table 4.8 ANOVA testing dispersion (distance to centroid) of diets between samples on each reserve. 

 

 

 

 

 

 

 

 

Figure 4.5 Dispersion (distance to centroid) of dietary plant community grouped by different 

levels of rainfall 
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Nutrient content  

Both crude protein (Figure 4.6a, Table 4.9) and RFV (Figure 4.6b, Table 4.10) increased with 

the distance to the centroid of dietary plants. Ordination showed that diet compositions in 

areas of higher herbaceous cover were associated with greater nutrient content (Figure 4.7). 

Table 4.9 Linear mixed effects model testing distance to centroid as a predictor of crude protein

 

 Table 4.10 Linear mixed effects model testing distance to centroid as a predictor of RFV 

 

 

Figure 4.6 The relationship between the distance to centroid of dietary composition and a) crude 

protein b) RFV 
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Figure 4.7 PCoA ordination plots of dietary plant community. Point shapes are divided into above 

and below the mean of the ratio of woody to herbaceous cover. Colour scaled by a) crude protein 

and b) RFV 
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Differential abundance analysis 

 

Figure 4.8 shows plant genera which were associated with above and below mean nutrient 

levels. Notably, woody genera from the families Fabaceae, Loranthaceae and Ebenaceae are 

significantly associated with below mean nutrient levels, whereas herbaceous genera from the 

families Poaceae and Rhamnaceae are significantly associated with above mean nutrient 

levels. 

Figure 4.8 Plant genera that occurred at significantly different abundances in samples with 

above and below mean a) crude protein and b) RFV. Genera that occurred at a significantly 

greater abundance in samples of high nutrient value are represented by positive effect sizes, 

and those at a significantly abundance are represented by negative effect sizes. Significance 

was calculated using the Wilcoxon signed-rank test. Only those genera with an effect size of 

>0.1 are presented. 
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Figure 4.9 PCoA ordination 

plots of a) dietary plant 

community, b) microbiome and 

c) nemabiome compositions. 

Dispersion of diets was greater 

on Lewa than the other two 

reserves (Table 4.8), dispersion 

of microbiome was greater on Ol 

Pejeta than Lewa (Table 4.13) 

and there were no differences in 

the dispersion of nemabiome 

(Table 4.19) 
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4.3.3 Microbiome  

Composition  

Microbiome community composition significantly varied across vegetation cover, with 

rainfall and between reserves (Table 4.11).  

Table 4.11 permANOVA testing predictors of microbiome composition 

 

The biggest differences in the microbiome bacterial phyla between reserves are in the relative 

abundance of Proteobacteria, which has lower relative abundance on Ol Pejeta than the other 

two reserves (Lewa-13%, Ol Jogi-10%, Ol Pejeta-5%) and Spirochaetota which has a higher 

relative abundance on Ol Pejeta than the other two reserves (Lewa-2%, Ol Jogi-5%, Ol 

Pejeta-10%) (Figure 4.13b, full results in Appendix 4.3). 

Diversity and dispersion 

Microbiome alpha diversity was not associated with rainfall or vegetation cover (Table 4.12).  

Table 4.12 Linear mixed effects model testing predictors of microbiome alpha diversity 

 

Dispersion, measured as distance to centroid, of individual microbiome communities was 

greater on Ol Pejeta than on Lewa but did not vary between the other pairs (Figure 4.9b) 

(Table 4.13) (Boxplot in Appendix 4.4) and did not differ according to rainfall (ANOVA: 

F3,155 = 0.77, p=NS).  

Table 4.13 ANOVA testing dispersion (distance to centroid) in microbiome between samples on each 

reserve  
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Bacterial indicator analysis and co-occurrence with dietary plant genera 

Indicator analysis identified two bacterial genera which were significantly associated with 

females with an above average yearling rate (Table 4.14). 

 

Yearling rate Bacterial family Bacterial genus Statistic p value 

High Oxalobacteraceae Massilia 0.367341 0.042 

High Corynebacteriaceae Corynebacterium 0.371391 0.021 

Co-occurrence analysis identified five bacterial genera which significantly correlated with the 

occurrence of Senegalia ,four bacterial genera which significantly correlated with the 

occurrence of Euclea and six bacterial genera which significantly correlated with the 

occurrence of Cenchrus with a rho value of above 0.2 (from a possible 139) (Table 4.15). 

 

Plant genera Bacterial family Bacterial genus rho p.value 

Senegalia Lachnospiraceae Lachnospira 0.278 0.00017 

Senegalia Planococcaceae Kurthia 0.28 0.00018 

Senegalia Moraxellaceae Acinetobacter 0.27 0.00021 

Senegalia Methanocorpusculaceae Methanocorpusculum 0.24 0.00096 

Senegalia Erysipelotrichia [Anaerorhabdus] furcosa group 0.234 0.0024 

Euclea Lachnospiraceae Lachnospiraceae UCG-009 0.29 0.00011 

Euclea Lachnospiraceae [Eubacterium] hallii group 0.24 0.0012 

Euclea Prevotellaceae Prevotellaceae Ga6A1 group 0.23 0.0015 

Euclea Oligosphaeraceae horsej-a03 0.22 0.0035 

Cenchrus Oscillospiraceae UCG-002 0.28 0.00017 

Cenchrus Lachnospiraceae Shuttleworthia 0.27 0.00031 

Cenchrus Lachnospiraceae Lachnospiraceae XPB1014 

group 

0.26 0.00039 

Cenchrus Sutterellaceae Sutterella 0.26 0.00050 

Cenchrus Oscillospiraceae NK4A214 group 0.26 0.00056 

Cenchrus Anaerovoracaceae Family XIII AD3011 group 0.23 0.0020 

Table 4.14 Indicator analysis showing bacterial genera with significantly greater presence in 

samples taken from females with high yearling rate. No genera were had a significantly 

greater presence in samples taken from females with low yearling rate. Statistic is the square 

root of the Indicator Value index (Cáceres & Legendre 2009) 

  

Table 4.15 Co-occurrence analysis showing bacterial genera whose occurrence significantly 

correlated with the occurrence of Senegalia, Euclea and Cenchrus using a Spearman’s 

correlation test. Only those with a rho value of above 0.2 are shown, a table showing all 

significant results can be found in Appendix 4.5 
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Indicator analysis identified three and sixteen rhino gut microbiome genera which were 

significantly associated with high and low woody to herbaceous cover respectively (Table 

4.16). 

 

Woody:herbaceous 

cover 

Bacterial Family Bacterial Genus Statistic p value 

High Planococcaceae Kurthia 0.640086 0.001 

High Acholeplasmataceae EMP-G18 0.374317 0.003 

High Planococcaceae Caryophanon 0.337572 0.01 

Low Lachnospiraceae Lachnospiraceae 

XPB1014 group 

0.742417 0.001 

Low Lachnospiraceae [Eubacterium] hallii 

group 

0.597105 0.001 

Low Ruminococcaceae Ruminococcus 0.578128 0.001 

Low Lachnospiraceae Shuttleworthia 0.565214 0.001 

Low Anaerovoracaceae Family XIII 

AD3011 group 

0.562401 0.001 

Low Lachnospiraceae Anaerosporobacter 0.434648 0.002 

Low Sutterellaceae Sutterella 0.429941 0.001 

Low Oscillospiraceae UCG-002 0.384213 0.005 

Low Selenomonadaceae Anaerovibrio 0.350937 0.024 

Low Lachnospiraceae Butyrivibrio 0.339683 0.001 

Low Lachnospiraceae Lachnospiraceae 

UCG-008 

0.313767 0.013 

Low Ruminococcaceae Faecalibacterium 0.27735 0.006 

Low Rikenellaceae Alistipes 0.27735 0.01 

Low Oscillospiraceae Papillibacter 0.259437 0.014 

Low Prevotellaceae Prevotellaceae 

YAB2003 group 

0.240192 0.021 

Low Eubacteriaceae Eubacterium 0.240192 0.025 

 

Table 4.16 Indicator analysis showing bacterial genera with significantly greater presence in 

samples taken with high and low woody:herbaceous cover. The average relative abundance of 

each genera in all samples is presented. Statistic is the square root of the Indicator 

Value index (Cáceres & Legendre 2009) 
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4.3.4 Nemabiome 

Composition 

Nemabiome community composition was not significantly predicted by vegetation cover, 

rainfall or reserve (Table 4.17).  

Table 4.17 permANOVA testing predictors of nemabiome 

 

The nemabiomes of the rhinos were dominated by the family Strongylidae and the genus 

Kiluluma which made up 94% of all reads assigned to genus level on Ol Jogi. The strongylid 

Murshida featured at higher proportion on Ol Pejeta than the other two reserves (13% on Ol 

Pejeta, 0.3% on Ol Jogi  and 0% on Lewa). Haemonchus from the family Haemonchidae 

made up 21% of all reads assigned to genus level on Lewa but a lower proportion on the 

other two reserves (5% on Ol Jogi and 3% on Ol Pejeta) (Figure 4.13c, full results in 

Appendix 4.3). 

Diversity and dispersion 

The alpha diversity of the nemabiome increased with higher woody to herbaceous cover 

(Figure 4.10) but was not explained by rainfall (Table 4.18). 

Table 4.18 Linear mixed effects model testing predictors of nemabiome alpha diversity
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Dispersion, measured as distance to centroid, was not different between reserves (Figure 

4.9c) (Table 4.19) or different levels of rainfall (ANOVA: F3,14 = 1.90, p=NS).  

Table 4.19 ANOVA testing dispersion (distance to centroid) in nemabiome between samples on each 

reserve  

 

Faecal egg counts 

Faecal egg counts decreased with the distance to the centroid of the nemabiome, but this was 

marginally non-significant (Table 4.20) (Figure 4.11). Ordination showed that nemabiome 

compositions in areas of higher herbaceous cover were associated with higher parasite loads 

(Figure 4.12). 

 

 

Figure 4.10 The relationship between the alpha diversity of the nemabiome and vegetation cover 

 

 

Table 4.20 Linear mixed effects model testing whether distance to centroid of nematode samples 

predicts EPG 
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Figure 4.11 The relationship between the distance to centroid of nemabiome composition and 

log(EPG) 

Figure 4.12 PCoA ordination plot of nematode community. Point shapes are divided into above 

and below the mean of the ratio of woody to herbaceous cover. Colour scaled by EPG 
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Figure 4.13 The relative abundance of a) plant families, b) bacterial phyla and c) nematode 

genera on each reserve. Diets (Table 4.6) and microbiome significantly (Table 4.11) varied 

between reserves but nemabiome did not (Table 4.17) 
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4.3.5 Associations between diet, microbiome and parasite community composition and 

diversity 

There was a negative correlation between the alpha diversity of diet and nemabiome, but no 

significant relationship between the other two pairs (Mutilevel Spearman’s rank correlation: 

diet:nemabiome rho = -0.20, p=0.07, diet:microbiome rho=0..06, p=NS, 

microbiome:neambiome rho = -0.07, p=NS). 

The pairwise distance between samples was positively correlated between diet, microbiome 

and nembiome such that individuals with more different diets also had more different 

microbiomes and nemabiomes (Mantel tests with Spearman’s correlations - Diet to 

microbiome: n=83, r = 0.34, p <0.001, Diet to nemabiome: n=82, r=0.23, p=0.001, 

Microbiome to nemabiome: n=81, r = 0.17, p=0.023) (Figure 4.14).
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Figure 4.14 Correlations of pairwise 

distances between a) diet and microbiome 

b) nemabiome and diet c) microbiome and 

nemabiome 
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4.3.6 Linking home range characteristics to age and breeding success   

The number of calves a female has produced increased with age and had a quadratic 

relationship with vegetation cover. There were also interactions between age and vegetation 

cover, and age and the vegetation cover quadratic (Table 4.21). This means that older females 

experience greater breeding success in intermediate vegetation cover, but younger females 

seem not to (Figure 4.15).  

Table 4.21 Mixed effects model testing predictors of the number of calves a female has produced

 

 

Figure 4.15 Marginal effects of the terms from the model in table 4.21, showing the predicted 

number of calves for females of three different ages across the gradient of vegetation cover 

three representative ages  
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4.4 Discussion 

4.4.1 Diet 

Black rhinos have been recorded to consume herbaceous and non-woody species (Oloo et al. 

1994; Buk & Knight 2010) but they are generally considered to be relatively strict browsers 

(Owen-Smith 1992). The analyses presented here demonstrate that rhinos exhibit dietary 

flexibility over quite small spatial scales and provide further evidence that black rhino diets 

can be made up of high proportions of grasses in certain contexts.  

Rhino diets become more dispersed with increasing rainfall. It has been shown that the ability 

to change diets seasonally is beneficial for African savannah herbivores (Staver & Hempson 

2020). In wet periods, a greater amount of plants are available to savannah herbivores due to 

‘greening-up’ (Whitecross et al. 2017, Ryan et al. 2017) and seasonal variation in black rhino 

diets has been linked to the wilting of leaves (Mukinya 1977; Hall-Martin et al. 1982). The 

leaves of savannah trees increase in nutrient levels with increasing rainfall (Barbosa et al. 

2014) and if woody species were the sole optimal dietary items for black rhinos, there may be 

no reason for individuals to eat more herbaceous plants during wet seasons unless woody 

species were not available. Contrary to this, we find that in wet periods, diets increase in 

alpha diversity (Figure 4.4), shift from being dominated by Fabaceae and become more 

diversified across a range of woody and herbaceous plant families (Appendix 4.3).  

Our results suggest that it is important for black rhinos to have access to a range of dietary 

plants. Samples which were further removed from the average composition were associated 

with high nutrient measures (Figure 4.6). When coupled with the observation that diets 

become less dispersed during dry seasons (Figure 4.5), this may suggest that in dry seasons, 

rhinos are restricted to a ‘core’ diet of a relatively small range of plants. Black rhinos are 

often considered to be more resistant to drought than grazers such as white rhinos (Abraham 

et al. 2019; Ferreira et al. 2019), but these results provide evidence that drought should be a 

consideration for conservation. The effects of drought may even be exacerbated in heavily 

wooded areas. There is evidence that soil moisture content is lower under trees in East 

African savannah (Ludwig et al. 2004), so fewer herbaceous plants may be present in wooded 

areas during dry seasons. Low dry season biomass of herbaceous plants is important for black 

rhino conservation in the light of previous work which suggests the amount of plant matter 

available is important for black rhino breeding rates (Hrabar & Toit 2005; Okita‐Ouma et al. 

2021). 
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Ol Pejeta rhinos have the least dispersed diets, with Euclea making up around half of their 

diets. This may imply that this population is vulnerable to nutrient deficiencies, as dispersed 

diets are associated with higher nutrient content. However, figures 4.2, 4.3b & 4.7 show that 

areas with significant herbaceous cover, and the dietary composition of individuals in those 

areas, are associated with high nutrient content. Woody plants have higher contents of 

indigestible polysaccharides such as hemicellulose, cellulose and lignin than herbaceous 

plants and are therefore likely to have higher RFV values, indicating lower digestibility 

(Dierenfeld et al. 1995). Alone, the RFV analysis may not be enough to allow us to infer that 

herbaceous plants are of high nutritional value. However, crude protein decreases as rhino 

home ranges become more dominated by woody cover, potentially because there is higher 

protein content per unit leaf area is higher in more open habitats (Wright et al. 2001).  

Senegalia and Vachellia species are considered to be highly palatable for black rhinos, and 

Grewia species are also thought to be highly suitable (Adcock et al. 2007). Our analyses 

show these genera are significantly associated with diets of low nutritional content. On the 

other hand, Rhamnus species are considered to be of low suitability for black rhinos (Adcock 

et al. 2007) but here they are associated with above average nutritional content, along with 

Scutia also from the Rhamnaceae family. Grasses do not feature at all in in many black rhino 

carrying capacity estimates, but we demonstrate that genera including Cenchrus occur more 

often in diets with above average nutritional content. Browse increases in nutritional quality 

with increasing rainfall (Barbosa et al. 2014), and if herbaceous plants are only available 

during wet seasons then their association with high nutrient content may be partly due to 

increases in the nutritional quality of browse as well as herbaceous plants. However, rhinos 

on all three reserves shifted their diets away from woody genera which are traditionally 

considered of high value. On Lewa and Ol Pejeta they ate a higher proportion of herbaceous 

plants including Cenchrus, and on Ol Jogi they mostly shifted to Euclea (Appendix 4.3). This 

suggests that rhinos are choosing to eat grasses and forbs when they are available, and they 

were available to a lesser extent on Ol Jogi even in the wet season. 

Savannah vegetation dynamics area complex. There is evidence that the presence of trees can 

improve soil (Hagos & Smit 2005) and grass quality, including organic matter, N and P 

content, especially in dry savannas (Ludwig et al. 2004; Treydte et al. 2007). Areas with a 

range of available plants, both woody and herbaceous, which allow rhinos to select the most 

nutrient rich species at any particular time and buffer against the effects of drought (Abraham 

et al. 2019), may be beneficial. Due to the lack of herbaceous cover on Ol Jogi, the rhinos 
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there are likely to have less access to herbaceous dietary plants. This may not have previously 

been considered a problem for black rhinos, as Ol Jogi’s vegetation is dominated by woody 

genera considered to be highly palatable for black rhinos, included Vachellia and Senegalia 

species. However, our other analyses suggest that herbaceous plants may be more important 

for rhino diets and gut health than has been previously thought. 

4.4.2 Microbiome 

We confirm previous studies of the microbiomes of wild black rhinos which show 

communities dominated by Bacteroidota and Firmicutes (Gibson et al. 2019).  However, we 

also demonstrate that black rhino microbiome composition is highly influenced by 

environmental and seasonal gradients (Figure 4.11). This indicates that the microbiome can 

undergo relatively fast seasonal turnover, similarly to other Kenyan herbivores (Kartzinel et 

al. 2019) and change over small spatial scales. 

The relationship between black rhino diet and microbiome is complex. There is no 

relationship between the alpha diversity of the two, but the paired distances of diet and 

microbiome positively correlate, as has been found in pika (Li et al. 2016), fish (Bolnick et 

al. 2014) and Kenyan herbivores (Kartzinel et al. 2019). Diet composition is a primary 

regulator of the microbial niche available in mammalian guts (Reese & Dunn 2018). These 

relationships may occur because a greater diversity of plants provide a wider niche in rhino 

guts, which can host a greater diversity of bacteria (Laparra & Sanz 2010), but the 

relationship is not linear or additive (Li et al. 2016). For example, secondary plant 

metabolites associated with certain taxa may significantly affect the presence or absence of 

particular bacterial taxa (Russell & Duthie 2011).  

Ol Pejeta rhinos had the lowest dietary dispersion, with diets dominated by Euclea, but the 

highest microbiome dispersion (Figure 4.9). This appears to contradict the hypothesis that a 

lower dietary diversity provides a narrower niche for gut bacteria. If the AKH holds true 

(Zaneveld et al. 2017), the greater dispersion of the microbiomes of Ol Pejeta rhinos may 

suggest that the environment of the reserve is stressful for the rhinos. We provide evidence 

that higher dispersal of diets among rhinos is beneficial, as it may allow them to choose the 

most valuable plants according to seasonal conditions (Oloo et al.1994). Further work is 

needed into the effect of low dietary diversity on black rhinos, which may be a stressor. 

Previous work in captive rhinos identified bacterial genera associated with nulliparous 

females (Antwis et al. 2019). We did not find the same genera associated with poor breeding 
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performance in wild rhinos (Figure 4.16). However, there is a significant shift in composition 

of microbiomes across the gradient of woody to herbaceous cover which are characterised by 

different genera. Kurthia, significantly associated with areas of high woody cover, was found 

to be associated with non-breeding captive female black rhinos (Antwis et al. 2019). This 

genus would be of particular interest for further work aimed at identifying biomarkers for 

poor breeding and sub-optimal diet and habitat in black rhinos. Strains of Ruminococcus, 

significantly associated with low herbaceous cover have been found to express genes for 

enzymes which digest structural plant polysaccharides (Dai et al. 2015). Ruminococcus 

bromii has been identified as a keystone taxa in the human gut microbiome, which are 

defined as ‘highly connected taxa which individually or in a guild exert a considerable 

influence on microbiome structure and functioning irrespective of their abundance across 

space and time’ (Banerjee et al. 2018). This genus’ association with one of these habitat types 

may therefore be important for the functioning of black rhino microbiomes and black rhino 

digestion (Hanning & Diaz-Sanchez 2015). The bacterial genera found to co-occur with 

particular dietary plants, Senegalia and Euclea which are woody and Cenchrus which is 

herbaceous (Table 4.14), may play important roles in black rhino digestion and gut health and 

would be good candidates for future work investigating this. For example, strains of the 

Fibrobacter genus have been shown to express genes which encode cellulases and 

hemicellulases which could be important for herbivore digestion (Dai et al. 2015). In humans 

Sutterella may have an immunomodulatory role (Hiippala et al. 2016) and Faecalibacterium 

spp. are associated with protection of the gut mucosa (Sokol et al. 2009).  

4.4.3 Nemabiome 

This work confirms previous research showing that black rhino nemabiomes are dominated 

by Kiluluma species (Penzhorn et al. 1994; Knapp et al. 1997). The relatively low proportion 

of ASVs which were successfully assigned taxonomy suggests that a significant portion of 

the taxa in black rhino nemabiomes have not yet been identified or had their ITS2 regions 

sequenced. Further work on black rhino gastrointestinal nematodes could focus on the 

identification of nematode taxa which may be appearing in black rhino guts but cannot 

currently be identified.  

Interestingly, the composition of the nemabiome is not significantly controlled by vegetation 

cover, rainfall or reserve. Ecology, rather than phylogeny, has been found to be a better 

predictor of nemabiomes in other mammal species (Schneider‐Crease et al. 2020).  It may be 

that the study reserves do not differ enough in habitat to drive differences in nemabiome. 
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Alternatively, black rhinos may have relatively uniform nemabiome composition which does 

not differ much between individuals or according to these environmental variables.  

Whilst the exact impact of particular nematode taxa is uncertain, they are generally 

considered to be parasitic (Irvine 2006; Coulson et al. 2018; Barone et al. 2020), deleterious 

to their hosts and therefore important for conservation (Thompson et al. 2010). Whether 

higher diversity or abundance, or both, act as markers of poor health is uncertain. Figure 4.11 

suggests that there may be a negative relationship between the dispersion of black rhino diets 

and faecal egg counts, although it was marginally non-significant. If this is the case, rhinos 

with high parasite burdens may present similar nemabiome compositions which are 

characterised by a relatively small number of pathogenic species. This is supported by the 

fact that individuals with the highest faecal egg counts clustered with a similar nemabiome 

composition (Figure 4.12). The Ol Jogi rhinos which had anomalous nemabiomes were 

dominated by species from the genera Kiluluma and Haemonchus but had very high numbers 

of reads of particular ASVs assigned to these genera. Certain species from these genera may 

be able to proliferate under certain conditions, potentially supporting the hypothesis that high 

burdens are driven by high abundances of a few taxa, although we cannot confirm that here.  

As with diet and microbiome, we also provide evidence for a complex relationship between 

diet and nemabiome. The β diversity of the nemabiome positively correlates with that of both 

dietary plants and microbiome (Figure 4.14). This may be because different dietary 

composition creates different gut environments, driving shifts in nemabiome and microbiome 

and increasing dispersion in both concurrently. However, there is a negative correlation 

between the alpha diversity of diets and nemabiome, and areas of woody cover are associated 

with nemabiome compositions which give rise to high faecal egg counts (Figure 4.12) and 

high alpha diversity of the nemabiome (Figure 4.10). Rhinos in woody areas therefore have a 

relatively high diversity and burden of nematodes, but have more similar nemabiome 

compositions than rhinos in herbaceous areas. These relationships may, in part, be due to 

intake of plant phenolic compounds, such as tannins, which can reduce nematode burdens in 

ruminants (Waghorn & McNabb 2008). Some savannah trees, including Vachellia species, 

can contain high concentrations of tannins (Assefa 2015). There is the potential that high 

phenol intake in woody areas disturbs nemabiome dynamics and disproportionately affects 

some gastrointestinal nematode species. This could then shift nemabiome composition to 

favour tolerant taxa which can proliferate and cause a higher burden. Black rhinos have been 

shown to select plants which are low in phenols (Muya & Oguge 2000) and future research 
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could investigate the effect of these compounds on gastrointestinal nematodes and whether 

they can be detrimental to rhino health. 

4.4.4 Breeding 

We find that female black rhinos experience greater breeding success in areas of mixed 

woody and herbaceous cover, but that this benefit is almost solely experienced by older 

individuals (Figure 4.15). If older individuals have a competitive advantage over younger 

individuals, they could potentially secure better quality habitat, in their home ranges, 

promoting their breeding success. If this competitive advantage is strong, and they can 

monopolise this intermediate habitat, it would explain why it is only older females which 

experience this benefit. Older individuals perform significantly better when translocated as 

part of restocking events (Linklater et al. 2012, Gedir et al. 2017). The lower mortality and 

higher breeding rates of older individuals after these events may be due in part to the 

inexperience of individuals translocated as juveniles when interacting with older 

conspecifics, making them vulnerable to intra- and intersexual competition (Gedir et al. 

2017). Experience of intraspecies competition may therefore provide a mechanism for the 

competitive advantage of older females, and merits further investigation.  

The relationships between vegetation cover, age and the number of calves a female has 

produced is surprising in light of previous work which suggests better black rhino breeding 

performance in areas of higher woody cover (Okita‐Ouma et al. 2021). This study provides 

evidence that areas with of high herbaceous cover provide high dietary diversity and 

nutrition. However, nutrition is not the only factor which controls spatial dynamics and 

fitness in black rhinos. Water availability, human disturbance and cover which protects from 

predators all affect habitat use (Tatman et al. 2000, Patton 2009). We also provide evidence 

that high dispersal of diets is linked to higher nutritional values (Figure 4.6). These 

intermediate habitats may provide both browse and herbaceous plants, allowing rhinos to 

shift their diets with the seasons to take advantage of better quality resources (Staver & 

Hempson 2020). Habitats which are a mix of herbaceous and woody cover may present a 

good compromise to rhinos between nutrition and protection from disturbance and predation, 

allowing them to breed more efficiently.  

4.5 Conclusion 

The analyses presented here describe relationships between rhino habitat, diets, microbiome 

and nemabiome for the first time. They show that black rhino diets and microbiomes vary 
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seasonally like other Kenyan herbivores (Kartzinel et al. 2019) and vary spatially between 

reserves and across gradients of woody and herbaceous cover. However, nemabiomes are 

very stable both temporally and spatially. Variations in diet may drive variations in 

microbiome and nemabiome.  

The relationship of habitat with female breeding success is complex, which is understandable 

as it is likely to be impacted by a range of factors. Whilst areas of high herbaceous cover may 

present more varied and valuable diets, areas of mixed woody and herbaceous cover could be 

a good compromise between nutrition and cover which serves as a protection from other 

threats and dietary diversity. This work represents a relatively short time period of the rhinos’ 

lives, whereas their breeding histories present an average measure of fitness over their whole 

lives. Black rhinos can shift their home ranges over time (Lent & Fike 2003) and an 

individual’s lifetime breeding success will be influenced by the changing habitat and social 

conditions it has experienced, and not just the area where they were found during this study. 

Therefore, directly connecting short-term diet and gut health data to breeding histories may 

provide a misleading picture of the relationship between them. We suggest that longitudinal 

studies, which sample rhinos over long periods of time and record birth and death events 

during the period of sample collection, should be used to confirm these findings. Potential 

biomarkers for future work on rhino health and fitness include dietary dispersion and 

diversity, particular bacterial genera which are associated with areas of low herbaceous 

cover, and nemabiome compositions which give rise to higher parasite burden. 

In summary, this work provides evidence that herbaceous plants are more important for 

determining the quality of black rhino habitat than has previously been considered. We do not 

suggest that woody plants are not important for black rhinos, but rather that herbaceous plants 

may be more important to the species than has been previously realised. These findings have 

serious implications for the conservation of black rhinos and may require changes to the ways 

in which rhino habitat is identified, carrying capacity is estimated and habitat is managed. We 

would urge rhino reserves to assess their vegetation cover and contribute to further research.  
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Abstract 

Conservationists are increasingly faced with the need to manage small, isolated populations.  

The One Plan Approach (OPA) aims to integrate the work of the two, often disparate, 

communities which manage captive and free-living wildlife populations. Whilst it has not 

been used explicitly for many species, OPA principles have been applied in projects which 

reveal benefits and downsides. The benefits include knowledge transfer and dynamic 

metapopulation management, with collaboration between conservationists, governments and 

other stakeholders crucial to success. The focus on single species, and explicit inclusion of 

captive populations, have the potential to detract investment from landscape conservation and 

devalue wild populations. A comparison of the conservation history of Mauritius bird 

species, and the Sumatran rhino, shows that there are biological and political reasons that can 

impact the success of OPA projects, and that intensive management does not address the 

threats that are the root causes of undesirable conservation status. The OPA could be seen as 

most appropriate for the most threatened species. We tested this using a list of threatened 

species limited to a single site, identified by the Alliance for Zero Extinction (AZE). Habitat 

loss is by far the most important threat, affecting around 80% of AZE species. This is 

important as zoos may have a minimal role in tackling this compared to threats such as 

disease. However, there are significant opportunities for zoos to help with the conservation of 

AZE species, as there is a large deficit between conservation recommendations and those 

which have been actioned. Only around 15% of AZE species appropriate for targeted 

research have been the focus of such a programme and only 35 out of 873 species have a 

captive population size above 50 individuals. To ensure the OPA can make a significant 

contribution, zoos must identify where their skill sets can be utilized, work with people who 

understand the social context of their projects and be open to conserving species other than 

those in their collections. Project partners should be prepared for long-term involvement and 

plan to expand from species conservation to ecosystem restoration.  

 

5.1 Introduction  

The practice of species conservation has been characterized by the divide between in situ and 

ex situ methods. In situ conservation is defined as ‘the maintenance and recovery of viable 

populations of species in their natural surroundings’ (CBD 1992).  Ex situ conservation 

protects biodiversity outside of natural habitats; primarily in zoos, aquariums or botanic 

gardens (Pritchard et al. 2012). This terminology, that depends on the demarcation of 

‘natural’ ranges and habitats has dominated conservation discourse and shaped its aims 
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(Braverman 2015). For example, article 9 of the CBD states that ex situ conservation should 

be ‘predominantly for the purpose of complementing in situ measures’ (CBD 1992) and there 

has often been little communication between the two processes (Pritchard et al. 2012; Martin 

et al. 2012).  

In situ/ex situ binary terminology fails to capture the complexities of modern conservation 

(Volis & Blecher 2010; Braverman 2014). Many free-living species require intensive human 

intervention to ensure viability (Temple 1977) and their management, even in large reserves, 

means they are not completely ‘wild’ (Braverman 2014). Shifting ranges are making what is 

‘native’ less certain (Pereyra 2020), and historical baselines less effective in predicting future 

ranges (Hobbs et al. 2014). Here, we use terminology which does not rely on something 

occurring inside or outside a native range. ‘Captive’ refers to populations in zoos, aquariums, 

breeding centres or similar institutions with no, or very limited, interactions with other 

species. Populations which are not captive are classed as ‘free-living’, regardless of whether 

they live inside of outside of their historical range.  Effective species conservation often 

occurs at the interface between wild and captivity (Young et al. 2014) and integrating work 

on either side of the traditional divide can provide substantial benefits. A growing number of 

species rely on human management (Scott et al. 2010) and zoos can aid these efforts because 

of their experience managing small populations (Fa et al. 2011). Some species would be 

extinct without long-term management of free-living populations led by zoos (Jones & 

Merton 2012). Despite this, their conservation focus has been to maintain captive populations 

as assurance populations or sources for reintroductions (Tribe & Booth 2003; Bowkett 2009). 

Zoos contribute to conservation through education (Moss et al. 2017), research (Anderson et 

al. 2008), training (Hosey et al. 2019) and advocacy (Pearson et al. 2014) although 

collectively they have the potential to make much greater financial and technical 

contributions (Fa et al. 2014). This is defined by the Europeans Association of Zoos and 

Aquaria (EAZA) as ‘a donation of time, expertise, monies, materials and/or in-kind support 

from an EAZA member institution that is aiming to secure long-term populations of species 

in natural ecosystems and habitats’(EAZA 2015).  

The One Plan Approach (OPA) to conservation aims to strengthen links between institutions 

which conserve the same species in different ways. We will evaluate this approach using case 

studies and an analysis of Alliance for Zero Extinction (AZE) animal species (Endangered or 

Critically Endangered species restricted to one site) to highlight the hallmarks of a successful 

project and discuss how the approach can be applied to threatened species management.  
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5.2 The One Plan Approach 

5.2.1 History and formulation 

Zoo conservation began with initiatives including an American bison (Bison bison) project 

driven by the New York Zoological Society in the early 20th century. Momentum built after 

the Second World War following realisations that species were disappearing in the wild and 

could be maintained in captivity (Zimmermann 2010). Ideas of maintaining species in 

captivity gained traction in the 1970s (Martin 1975; Durrell 1976), with the promotion of 

long-term population management, reintroductions and the transfer of knowledge and 

techniques between captivity and the wild (Conway 2003). The International Union for the 

Conservation of Nature (IUCN) Conservation Planning Specialist Group (CPSG) (under 

various guises) has been facilitating and fostering these ideas since the 1980s to integrate the 

zoo and wildlife management communities (Seal et al. 1994; Wick 2017). This methodology 

was branded the ‘One Plan Approach’ in 2011 and it ‘proposes integrated species 

conservation planning and considers all populations of the species both inside and outside 

their natural range under all conditions of management involving all responsible parties and 

engaging all available resources’ (Byers et al. 2013; Byers 2014). 

The OPA is being embraced by zoos and breeding centres to create better links and 

strengthen their work on free-living populations (Barongi et al. 2015; Young et al. 2019). 

However, it needs evaluation because the benefits of an integrated approach are accompanied 

by potential drawbacks, especially as captive breeding and management of free-living 

populations have long-term, multifaceted and challenging responsibilities (Wikelski et al. 

2004). 

5.2.2 Proposed benefits 

An obvious benefit of the OPA is the transfer of knowledge and skills between breeding 

centres, zoos and free-living conservation initiatives. In Table 5.1 we have summarized, 

using examples, how the integration of expertise from these sectors have benefitted species 

conservation efforts. We tried to choose examples published in peer-reviewed literature and 

only present cases where knowledge which originated in one community has been used to 

help the species conservation work of the other. This is not a comprehensive list but presents 

an overview of the scope of the benefits. Here we focus exclusively on the contributions 

which zoos can make directly to threatened species management but we recognize their 

contributions to education and advocacy.  
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Table 5.1 A summary of the range of areas of knowledge and skillsets that zoos have which have been useful to the conservation of free-living populations 

and vice versaa 

Area of knowledge 

– origination of 

knowledge in 

captive or free-

living scenarios 

Why it is useful to the other 

community 

 

Examples of species it has been applied to  

 
Referencesb 

 

Biological 

research – captive 

and free living 

 

• Questions which cannot be 

addressed in free-ranging 

populations 

• Free-living population managers 

could guide captive research 

• Research on less threatened species 

can inform the conservation of 

more threatened closely related 

species 

• Development of non-invasive 

techniques which can be used in the 

field 

• Establishment of baseline biological 

states in free-living populations to 

check the health of captive 

populations and their suitability for 

reintroduction 

• Knowledge of free-living habitat 

requirements can advise zoo 

enclosure design 

Elephants Elephus maximus and Loxodonta africana 

• Understanding of reproductive physiology in captivity allows for research into what affects 

this in free-living populations 

• Technique to collect DNA from faecal samples developed in captivity allows genetic 

studies in free-living populations. This has shown that elephants are native to Borneo and 

therefore a high priority for conservation 

 

Siberian polecat Mustela eversmanii 

• Investigative surrogate for the black-footed ferret Mustela nigripes 

• Released on black-tailed prairie dog (Cynomys ludovicianus) colonies to test reintroduction 

techniques  

 

Mountain yellow-legged frog Rana muscosa 

• Microbiome work found that an antifungal bacterial species, (Janthinobacterium lividum) 

prevented morbidity and mortality caused by the chytrid fungus 

• Bioaugementation could allow re-introduced individuals to coexist with chytrid  

 

Black rhino Diceros bicornis 

• Faecal hormonal monitoring of a free-living population established baseline cyclicity 

variations  

• Can be used to assess the health of captive populations  

 

Elephants Elephus maximus and Loxodonta africana 

• Feeding ecology, diet, social organisation, behaviour and reproductive biology of free-

living elephants considered in guidelines such as AZA Standards for Elephant Management 

and Care 

• Free-living adolescent males would normally emigrate from their natal herds at a certain 

age. Zoos should monitor for aggression or reproductive behaviour which indicate 

separation should occur 

(Smith & Hutchins 2000; 

Foley et al. 2001; Fernando et 

al. 2003) 

 

 

 

 

(Biggins et al. 2011) 

 

 

 

 

(Harris et al. 2009) 

 

 

 

 

(Garnier et al. 2002; Edwards 

et al. 2015) 

 

 

 

(Hutchins 2003; AZA 2012) 
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Metapopulation 

management – 

captive 

 

• Expertise in managing species in 

small, isolated populations 

• Recommendations on how to carry 

out interventions such as 

translocations 

• Maintaining genetic diversity  

• Avoiding inbreeding 

Golden lion tamarins Leontopithecus rosalia 

• Pedigree analysis, developed to encourage the retention of genetic diversity in captive 

populations, has been applied to free-living populations  

• Vital rate estimates allow free-living populations to be managed as a meta-population  

 

Red deer Cervus elaphus  

• Stags fitted with remote blood-sampling and heart-rate devices, developed on domestic 

animals, were monitored during and after translocations 

• Recommended to make trips as short as possible and include breaks in dark, cool 

environments during longer trips 

• Ensure access to water and only move animals in good condition and outside of sensitive 

periods 

 

(Holst et al. 2006) 

 

 

 

 

(Waas et al. 1999) 

Health and 

veterinary care – 

captive 

 

• Experience of anaesthesia, surgery 

and the treatment of infections and 

non-infectious disease useful to vets 

and wildlife managers in protected 

areas  

• Zoo veterinary knowledge can be 

vital for responding to and solving 

unexpected conservation challenges 

which involve health problems 

 

Salamanders Ambystoma andersoni, A. dumerilii and A. mexicanum 

• Effectiveness and side effects of five treatment protocols tested for Batrachochytrium 

dendrobatidis infections 

• Effective treatments could be applied to free-living populations 

 

Gyps vultures  

• Experimental administration of diclofenac to Oriental White-backed Vulture (Gyps 

bengalensis) confirmed it as the cause of visceral gout and death 

• Easier to persuade policy makers to take action when the threat is certain 

 

Asian elephants Elephus maximus 

• Research into the elephant endotheliotropic herpes virus is affecting captive populations 

• Diagnosis techniques applied to free-living populations 

 

(Michaels et al. 2018) 

 

 

 

 

(Swan et al. 2006) 

 

 

 

 

(Stanton et al. 2010, 2014) 

Nutrition – 

captive and free-

living 

 

• Nutritional experiments in captivity 

can advise supplementary feeding 

for free-living populations  

• Preferred diet of free-living 

populations can inform what is fed 

to animals in captivity 

Western giant eland Tragelaphus derbianus derbianus 

• Supplemental food in a fenced enclosure reduced foraging time and allocated it to resting. 

Advised that food supplementation should be used to allow animals to surmount conditions 

of scarce food, but should be avoided otherwise. 

 

Elephants Elephus maximus and Loxodonta africana 

• Nutrient assays showed how captive animals meet their nutrient requirements.  

• Could be used to determine adequacy of food resources in the wild 

 

Eastern black rhino Diceros bicornis michaeli 

• Research in Nairobi National Park studied the browse choice of rhinos relative to 

availability as well as nutritional quality and phytochemical status 

• Used to inform diet for captive populations including tannin supplementation   

(Hejcmanová et al. 2013) 

 

 

 

 

(Smith & Hutchins 2000) 

 

 

 

(Muya & Oguge 2000; 

Clauss et al. 2007) 
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Reproductive 

management – 

captive 

 

Husbandry 

• Reintroduction programs 

• Management interventions which 

require confining animals for short 

periods 

 

 

 

 

 

 

 

 

 

Contraception  

• Situations where overabundant 

wildlife is a problem  

• Native species which have become 

overly abundant because of 

environmental changes.  

• Alien species 

 

 

Assisted reproductive technologies  

• Developed on captive, closely 

managed or domestic populations 

• Little used in conservation of free-

living populations 

• Could be used to aid with 

metapopulation management  

• Movement of genetic material 

between free-living and captive 

populations.  

Governor Laffan’s fern Diplazium laffanianum 

• Extirpated from Bermuda in the early 20th century  

• Almost no historical data describing the habitat of the species. 

• Research on artificial propagation at a zoo allowed experimental reintroductions. Ongoing 

monitoring allows the development of knowledge of their habitat requirements 

 

Black‐winged starling Sturnus melanopterus, Sumatran laughingthrush Garrulax bicolor, 

Javan green magpie Cissa thalassina, Rufous‐fronted laughingthrush Garrulax rufifrons 

• Husbandry experience and technical support offered to Cikananga Wildlife Center, Java 

allowed foundation of free-living breeding populations from private collections 

• Zoos staff aid with confiscation, rehabilitation and release of wild animals. Model species 

used to develop skills  

 

 

Black‐flanked rock‐wallabies Petrogale lateralis lateralis 

• Vulnerable but considered overabundant at 2 locations in Western Australia.  

• Deslorelin identified as a potential method of hormonal fertility control following 

successful trial on captive marsupial species  

• Suppresses reproduction in free-living wallabies without decreasing body condition 

 

Lions Panthera leo 

• Deslorelin shown to be an effective contraception for captive mammalian carnivores 

• Used for free-living lions 

 

Black-footed ferret Mustela nigripes 

• Techniques developed on domestic ferret (Mustela putorius furo) and captive Siberian 

polecat (Mustela eversmannii)  

• AI with frozen sperm successfully used on black-footed ferrets  

 

European Mouflon Ovis gmelini musimon 

• Successful use of domestic sheep (Ovis aries) as a surrogate and birth of healthy mouflon 

offspring.  

• Cryopreserved gametes could be used to transfer genetic material between populations more 

easily than transferring individuals, and even to found new populations where only 

surrogate species are available 

(Houser et al. 2016) 

 

 

 

 

 

(Owen et al. 2014) 

 

 

 

 

 

 

 

(Willers 2012) 

 

 

 

 

 

 

(Bertschinger et al. 2008) 

 

 

 

(Howard et al. 2016) 

 

 

 

(Ptak et al. 2002) 
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Monitoring – 

captive 

 

• Noninvasive monitoring 

• Validation often easier in captivity  

• Applying these to free-living 

populations can contribute to 

mechanistic understandings of 

population declines and poor 

fecundity  

Chimpanzees Pan troglodytes 

• Ezymeimmunoassay to measure faecal glucocorticoid metabolites validated using captive 

chimpanzees  

• Can be used to assess stress in free-living populations 

 

Penguins Family Spheniscidae 

• Infrared sensor in an artificial egg to estimate stress response using heart rate developed 

using captive African penguins (Spheniscus demersus) and free-living Gentoo penguins 

(Pygoscelis papua)  

• Shown that free-living Humboldt penguins (Spheniscus humboldti) are particularly sensitive 

to human disturbance  

 

Jaguars Panthera onca, Asian elephants Elephus maximus and African elephants Loxodonta 

africana 

• Methods of surveying free-living jaguars, using footprints as well as tape and brushes to 

non-invasively collect hair, trialed on captive animals 

• Early elephant satellite tracking techniques were developed and tested on captive Asian 

elephants before being used to track elephants in central Africa 

 

(Heistermann et al. 2006; 

McLennan et al. 2019) 

 

 

 

(Nimon et al. 1996; Ellenberg 

et al. 2006) 

 

 

 

 

 

(Smith & Hutchins 2000; 

Zimmermann 2010) 

Taxonomy – 

captive 

 

• Research in zoos and botanical 

gardens can help elucidate the 

taxonomy of difficult taxa such as 

plants, subspecies and cryptic 

species complementing work in 

museums 

Orchids Family Orchidaceae 

• The Royal Botanic Gardens, Kew, UK, keeps a World Checklist of Selected Plant Families.  

• Research has shown orchids are the subject of large numbers of invalid names, particularly 

in Europe. Prevents separate conservation efforts for species which are indistinguishable 

from each other 

 

Chinese crocodile lizard Shinisaurus crocodilurus 

• Molecular analyses used in zoos to determine species identity when provenance is uncertain 

• Applied to free-living populations of unknown species. A lizard population recently 

discovered in Vietnam was found to be composed of Chinese crocodile lizards, impacting 

protected area management, potential conservation breeding and restocking 

(Pillon & Chase 2007; WCSP 

2020) 

 

 

 

 

(Ziegler 2015) 
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Threats – free-

living 

 

• Free-living population managers 

have detailed knowledge of threats  

• Could help the zoo community with 

collection planning and role 

assignment  

Titicaca water frog Telmatobius coleus 

• Conservation Needs Assessment process developed by Amphibian Ark  

• Input received from free-living managers and zoo experts and a captive rescue programme 

implemented  

 

Golden lion tamarins Leontopithecus rosalia 

• During application of the OPA, the Taxon Advisory Group had input from free-living 

conservation specialists in deciding that the primary roles of the programme are Insurance 

and Supplementation, and the secondary roles are Conservation Education, Research and 

Fundraising 

 

(Johnson et al. 2018) 

 

 

 

(Haig & Ballou 2002; 

Stevenson 2014) 

Genetics – free-

living 

 

• Identifying genotypes present in 

free-living populations can improve 

the genetic management of captive 

populations 

• Gametes can be harvested or even 

individuals taken from free-living 

populations to improve the genetics 

of captive populations 

• Frozen genomic repositories could 

also be used 

Whooping crane Grus Americana 

• Microsatellite DNA sequencing of wild-caught founder individuals used to create a captive-

wild DNA studbook which is more accurate than the previous studbook  

• Used to improve the genetic management of the captive population. Identifying founder 

genotypes from wild birds allows selective matings to produce heterozygosities above that 

of the founder population, boosting the population's gene diversity 

(Jones et al. 2002) 

aDespite efforts to use a range of taxa. the examples used in this table are biased towards mammalian species which reflects the bias in zoo-based research (Anderson et al. 2008). This table 

excludes conservation education and behaviour change examples (see main text).  
bReferences in Appendix 5.1 
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Knowledge transfer: small population management 

The small population paradigm encapsulates the greater extinction risk faced by reduced 

populations (Caughley 1994) when demographic, environmental and genetic stochasticity 

become more significant (Lande et al. 2003; O’Grady et al. 2006). The technical skills 

developed in zoos to mitigate these (Table 5.1) can help manage free-living populations 

(Redford et al. 2012) and applying these skills more widely should be a central role of zoos 

(Fa et al. 2011).  

Knowledge transfer: research  

Captive populations are often easier to study than free-living counterparts, providing 

opportunities for research (Barnes et al. 2002). Researchers can follow individuals over their 

lifetime, providing high-quality life history and demographic data, albeit from environments 

which they did not evolve in (Conde et al. 2019). Zoos keep species of low conservation 

concern to build husbandry skills required for less hardy threatened species (Table 5.1).  

Free-living populations managed for conservation, inside or outside of historical ranges, also 

present research opportunities (Wildt et al. 2019). 

Whilst scientific research is a growing part of zoo operations, this varies between institutions 

(Loh et al. 2018) and negative perceptions do exist (Lawson et al. 2008). Licensing 

regulations, the anti-captivity movement (Perry et al. 2020) and concerns about public 

reaction (Cohen & Fennell 2016) make zoos reticent to conduct invasive research (Reid et al. 

2008). Zoos research also tends to be focused on veterinary science and zoology rather than 

ecology and conservation (Loh et al. 2018). These factors combine to limit the potential of 

current zoo-based research to support the conservation of free-living populations (Brod et al. 

2019). It does not preclude them from developing management techniques including effective 

ways to provide supplemental food or nest-boxes, but more research relevant to mitigating 

limiting factors in free-living populations is needed (Jones 2015a). If zoo staff are expected to 

make research integral to their work, then conservation relevance must be clear. 

Knowledge flow should be bi-directional, as zoos benefit from information provided by 

managers of free-living populations (Table 5.1). This includes defining the role which captive 

management plays in the conservation of their species (IUCN/SSC 2014), enclosure design 

(Fàbregas et al. 2012a), husbandry (Garnier et al. 2002) and research (Ziegler & Vu 2009).  
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Population management: treating captive and non-captive individuals as one 

metapopulation 

The other main benefit of the OPA is the integrated management of captive and free-living 

populations as a meta-population (Conway 1995; Byers 2014). When a species is Critically 

Endangered, all individuals are potentially vital to its survival. In scenarios of imminent 

extinction conservationists should be empowered to act quickly whilst ensuring their actions 

are not harmful (Martin et al. 2012). There are examples of how reticence to integrate zoo 

and field expertise can lead to extinctions, including organisations being slow to move 

individuals from captive to free-living contexts, and vice versa. The extinction of the 

Christmas Island pipistrelle (Pipistrellus murrayi) in August 2009 followed two years of calls 

for the establishment of a captive population, using experience gained from the captive care 

of other pipistrelle bats. This was approved too late to rescue the species (Lunney et al. 

2011). On the other hand, in the case of the northern white rhino (Ceratotherium simum 

cottoni), captive breeding proved to be extremely difficult. During a 70-year period of 

populations maintained in captivity from 1948, only one wild-born female gave birth (Ryder 

et al. 2020). Despite this, the two zoos that were the last to hold the subspecies, San Diego 

Zoo Safari Park and Dvůr Králové Zoo in the Czech Republic, resisted suggestions to send 

the last individuals to East Africa and attempted to solve the reproductive problems 

themselves. The last four individuals were eventually translocated to Kenya in 2009, but it 

was too late for it to help with breeding and now only two females remain on Ol Pejeta 

Conservancy (Ryder et al. 2020).  

Many captive breeding programs do not maintain a representative genetic sample of the 

species (Lacy 2013). The genetic variability of captive populations may be improved by 

including nuisance or injured individuals from free-living populations or eggs and young 

from amphibians, reptiles and birds which produce more than are likely to survive (Jones & 

Davy 2002). Compromised genetic health reduces reintroduction potential. Some studbooks 

are incomplete and generations of breeding between individuals of unknown provenance may 

make captive populations unsuitable for reintroductions (Witzenberger & Hochkirch 2011).   

Reintroducing captive individuals can improve the genetic variation of very small free-living 

populations (Table 5.1), although it should be noted that many captive breeding programmes 

do not aim to produce individuals for reintroduction (Bowkett 2014) and a minority of 

reintroductions use individuals from zoos outside of, rather than captive individuals raised 

within, range states (Gilbert et al. 2017). There is an important role for populations at the 
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interface between wild and captivity (Wildt et al. 2019). Eastern black rhino (Diceros 

bicornis michaeli), introduced to South Africa from Kenya in the 1960s, formed a successful 

breeding population and their descendants have been translocated to Tanzania and Rwanda 

(Fyumagwa & Nyahongo 2010; Sun et al. 2018). 

Managing threatened species as global meta-populations will be complex. Removing 

individuals from free-living populations to benefit captive populations may be unpalatable. 

Coordinating transfers between zoo populations is difficult and including other organizations 

will increase complexity. Bio-security regulations are vitally important. A major barrier to 

the movement of animals between captive and wild populations is the risk of disease transfer 

(Sainsbury & Vaughan‐Higgins 2012). Captive populations which have not been managed 

for reintroduction since their founding may also be genetically unsuitable for reintroduction 

(Frankham 2008; Banes et al. 2016). People who understand the social context of target areas 

should be included, especially with reintroductions.  

5.2.3 Potential objections 

There are practical concerns over frameworks like the OPA which are reviewed elsewhere 

(Conway 1995; Witzenberger & Hochkirch 2011). Here we focus on more fundamental 

objections to the OPA or similar approaches.  

The single-species conservation model 

Some argue that landscape-focused and ecosystem function- and service-based approaches 

should be prioritised over species-focused approaches (Tallis et al. 2008; Hobbs et al. 2014). 

Zoo-led conservation projects are heavily focused on threatened or flagship species (Callahan 

2013). It is possible to use flagships to raise money to conserve habitats and other 

biodiversity (McGowan et al. 2020) but intensive management of species may allow declines 

of associated species as they will not be conserved by default (Simberloff 1998). Although 

evidence for this effect is not strong it has occurred with large carnivores across the range of 

the giant panda (Ailuropoda melanoleuca) (Li et al. 2020). Without resolutions to expand 

species-focused work to wider ecosystems, adoption of the OPA may undermine habitat 

preservation, especially in places without traditionally charismatic species (Conway 1995). 

Species- and place-focused approaches can be integrated using keystone species and 

ecosystem engineers (de Visser et al. 2013). If particular species are crucial to functioning, 

encouraging their reintroduction or recovery can have ecosystem-wide benefits (Law et al. 

2017). 
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Zoos are limited in the species that they are suited to help conserve. Not all species can be 

kept in zoos, and not all are helped by captive populations, although of course zoos can aid 

conservation in other ways. Alongside the small population paradigm, the declining 

population paradigm is another central theoretical basis of conservation science. The 

declining population paradigm focuses on the detection of declines in free-living populations, 

the diagnosis of the external threats that are causing them, and the mitigation of those threats 

(Caughley 1994). Captive populations are separated from the threats that free-living 

populations face and are therefore rarely useful in research that seeks to identify and tackle 

external threats (Linklater 2003). It should be noted that captive populations of model species 

can be used in research to confirm the effects of particular threats (Oaks et al. 2004). Despite 

this, zoo-based research on captive populations may generally be of little help in the 

conservation of species affected by the declining population paradigm, which could limit the 

species that the OPA can effectively target.  

Long-term commitment is necessary to progress from species to systems. For example, eggs 

of the Rio Grande silvery minnow (Hybognathus amarus) are collected from the river, which 

dries up in summers made more arid by climate change, hatched in captivity and released 

after the rains (Braverman 2014). There is debate over whether conservation can commit to 

permanent interventions, and even whether this situation is preferable to allowing extinction, 

although with increasing knowledge creative solutions are possible, and interventions may 

not be needed in perpetuity.  

Is a conservation-dependent future possible and is it a successful outcome? 

A common target in conservation is achieving demographically and ecologically self-

supporting populations (Redford et al. 2011). If species are intrinsically valuable, perpetual 

interventions to prevent extinction are justifiable. They are less so if a population’s value is 

defined in relation to its probability of becoming wild (Vucetich & Nelson 2013). With its 

focus on the transfer of skills and animals between captive and wild contexts, the OPA 

inherently values non-wild populations and is at the centre of the debate of the value of 

captive and conservation-dependent populations (Gameiro et al. 2020). 

Some conservationists have criticized captive conservation on two grounds. Firstly, founding 

and maintaining captive populations may take resources away from programs which focus on 

wild populations (Rabinowitz 1995; Braverman 2015). Secondly, there are concerns that 

protecting species from extinction in captivity makes wild populations seem expendable and 

legitimises anthropogenic change (Wuerthner et al. 2014).  
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A high proportion of species rely on human intervention (Scott et al. 2010) and conserving 

species with little management in large areas may be unachievable (Conway 1995). The in 

situ/ex situ categories are becoming irrelevant due to management in all reserves, even those 

as large as the 19,485km2 Kruger National Park in South Africa (Redford et al. 2012). 

Instead, a range of hybrid bodies and spaces exists (Braverman 2015). Rhinos and other 

species bred commercially in South Africa and sold for hunting or photographic tourism 

(Cousins et al. 2008) cannot be easily defined by traditional categories. Populations exist 

along a continuum of semi-stable states depending on the extent they rely on human 

intervention (Redford et al. 2011). Embracing purist ideals could lead to the rejection of 

conservation within human-modified landscapes, reducing opportunities for conserving 

species. In reality we cannot recreate ‘pristine nature’ in a rapidly changing world. 

Moving populations along this continuum, or ‘up the ladder’ in the words of the OPA (Byers 

et al. 2013) can reduce or remove conservation dependence by informing mitigation of the 

original problems (Jones & Merton 2012). Protected areas in Mauritius and New Zealand are 

not sufficient to conserve native wildlife as they preserve degraded systems with burgeoning 

exotic species and declining populations of natives. Innovative approaches have been 

developed following acknowledgement that intervention must be long term (Clout 2001; 

Jones 2015a, 2015b), although the goal is always species independent of human care. 

Widespread implementation of the OPA, with the intention to move from species to systems 

would put zoos in a position to make substantial contributions. 

The role of zoos in conservation 

Uptake of the OPA will lead to zoos having a greater conservation role (Carr & Cohen 2011). 

Zoos increasingly contribute to field conservation (Tribe & Booth 2003; Gusset & Dick 

2011) but their commitment has been questioned (Scott 2001). Many think conservation 

should be zoos’ main role (Conde et al. 2011), a vision developed by Durrell (1976) and 

others (Martin 1975). There is evidence that they can succeed in educating visitors (Moss et 

al. 2017), and training students in threatened species management (Zimmermann 2010). They 

attract over 700 million visitors annually (Gusset & Dick 2011) despite a general awareness 

of their potential negative aspects (Almeida et al. 2017). 

Increasing the influence of zoos in species conservation poses problems for the OPA. Animal 

rights and welfare groups may resent this, especially for large-bodied and wide-ranging 

species (Clubb & Mason 2003). Conservationists, researchers and communities involved in 

managing free-living populations may see it as an imposition if local social contexts are not 
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respected. Braverman (2015) stated that the downside of connecting actors globally is that it 

‘potentially undermines the role of local actors and cultures’. As zoo staff generally work on 

captive populations removed from human context, they may lack experience of the social 

issues often critical to conserving free-living populations. Partnerships with local 

communities and organisations are therefore vital to success.  

Zoos vary in the amount they contribute to conservation (Fàbregas et al. 2012b) and those 

that commit significant resources may have limited further capacity. Many zoos contribute 

significant financial resources, but not expertise and staff time to field conservation (EAZA 

2015). More zoos must make conservation their central mission (Miller et al. 2004), to allow 

for greater labor sharing. There is a danger that the OPA seen as just a branding exercise, and 

an attempt by zoos to maintain credibility in a time of shifting public perceptions and 

expectations. This accusation has been levelled at previous central justifications for zoo 

conservation including reintroductions (Keulartz 2015). Developing zoos and breeding 

centres in areas where biodiversity is most threatened would remove some regulatory and 

practical barriers, including disease transmission (Martin et al. 2014). Existing zoos can be 

vital in supporting these new institutions.   

5.3 Case studies 

The OPA has been cited in the conservation of few species (Byers et al. 2013) but there are 

decades of successful integrated projects which could be represented by the term. We present 

two examples of conservation initiatives which have zoos as leading partners applying OPA 

principles. Whilst these are not the only examples of successful zoo-led projects of this type 

(Wick 2017) they show such initiatives can prevent extinctions and highlight the challenges.  

5.3.1 Mauritian Birds 

Zoos and zoo-derived skills had a major role in the recovery of the Mauritius kestrel (Falco 

punctatus), pink pigeon (Nesenas mayeri) and echo parakeet (Psittacula eques) (Table 5.2). 

Certain factors have been identified by Jones & Merton (2012) as crucial to success. All 

available knowledge of the species and their ecological histories were compiled to understand 

causes of decline and factors limiting recovery (Diamond 1975; Cheke & Hume 2008). 

Keeping closely related model species in captivity allowed the required skills to be developed 

before they were applied to the threatened species. Limiting factors were then mitigated by 

management, including supplementary feeding to tackle food shortages. Egg and brood 

manipulations increased productivity and populations were increased by captive breeding, 

reintroductions and translocations (Jones & Merton 2012). This was very successful and led 
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to impressive population growth in these species and the Mauritius fody (Foudia rubra) 

(Cristinacce et al. 2008).  

Table 5.2 The main management interventions which were carried out to conserve key bird species on 

Mauritius and the population recoveries that occurred, modified from Jones and Merton (2012) 

Species Model 

Species 

Interventionsa Change of conservation statusb 

Mauritius 

kestrel (Falco 

punctatus) 

Common 

kestrels 

(Falco 

tinnunculus) 

Captive breeding, rearing and release by 

fostering or hacking 

Nest guarding and predator trapping 

Induce double clutching by removing eggs  

Supplemental feeding 

Nest modification and improvement 

Minimum of 4 birds in 1974; 350-

500 in 2013 

Population declining 

Conservation-dependent 

1994 – 2000 - Endangered  

2000 – 2014 – Vulnerable 

2014 – present – Endangered (due 

to the decline of  

habitat quality owing to the 

spread of introduced plant 

species)  
Pink Pigeon 

(Columba 

mayeri) 

Wood pigeons 

(Columba 

palumbus) and 

Barbary doves 

(Streptopelia 

risorii) 

Captive breeding and release  

Cross fostering between pink pigeons and 

Barbary doves 

Rescue and captive rearing of squabs 

Supplementary feeding 

Control of exotic doves to prevent 

spreading of disease 

Predator control 

Minimum of 9-10 birds in 1990; 

known wild population 325-410 

in 2017 

Population roughly stable - it does 

undergo fluctuations 

Conservation-dependent 

1994 – 2000 - Critically 

Endangered 

2000 – 2018 – Endangered 

2018 – present Vulnerable  
Echo parakeet 

(Psittacula 

eques) 

Rose-ringed 

parakeet 

(Psittacula 

krameri) 

Captive breeding and release  
Rescuing eggs and young from failing nests 

and cross fostering with captive rose-ringed 

parakeets 

Replacement of infertile eggs with fertile 

eggs 

Induce double clutching 

Supplementary feeding 

Modify nest sites and add nest boxes 

Removing chicks to downsize broods and 

fostering or captive raising chicks  

Minimum of 8-12 birds in 1987: 

580 in 2012 

Population increasing 

Conservation dependent 

1994 - 2006 - Critically 

Endangered  

2007 – 2019 - Endangered  

2010 – present - Vulnerable 

Mauritius fody 

(Foudia rubra) 
None Captive breeding and release 

Translocation to Ile aux Aigrettes 

Harvest and rescue of eggs and young 

Supplemental feeding 

216-244 birds in 2002; 420-530 in 

2015 

Population stable 

Not conservation dependent 

1994 – 2008 - Critically 

Endangered 

2009 – present - Endangered 
 

a Actions which would have been impossible without the inclusion of zoo expertise or resources are underlined 

b Taken from International Union for Conservation of Nature (IUCN 2020) 

 

The restoration work used expertise from comparable projects in New Zealand and North 

America. Veterinarians, zoo staff, aviculturists, population biologists, and geneticists were 

transferred from Australia, New Zealand, North America and the UK. Intensive management 

was started with the Durrell Wildlife Conservation Trust in the 1970s who worked closely 

with the Peregrine Fund and the World Parrot Trust to restore the kestrel and parakeet 



202 

respectively. Chester Zoo, the Zoological Society of London, Paignton Zoo, Loro Parque and 

various universities have also contributed expertise. Veterinary support and disease research 

were provided by Wildlife Vets International and the International Zoo Vet Group.    

The work has been evidence-based with the systematic collection and analysis of data, 

establishment of long-term databases and regular evaluations. It is estimated to take a 

minimum of ten times the age of first breeding from the start of recovery action to substantial 

population increase (Jones & Merton 2012). During this time there must be efforts to build 

local capacity and, if there is no potential for self-sustainability, gain local and political 

support for long-term management. Mitigation of original threats must support the recovery 

of free-living populations. In this case programs were established to control invasive 

mammals, Mauritius’ first National Park in the Black River Gorges was established and 

several offshore islands were restored (Jones 2008).   

5.3.2 Sumatran rhinoceros (Dicerorhinus sumatrensis) 

Sumatran rhino conservation has been characterized by disagreements, changes of approach 

and action unsupported by scientific knowledge (Payne et al. 2019). Whilst the species is 

extant, it has continually declined despite huge investment. The Sumatran rhino demonstrates 

that objections which may prevent stakeholders becoming involved in the OPA, or any 

conservation projects, must be addressed before inception, including claims that captive 

breeding programs reduce investment in tackling the causes of decline (Rabinowitz 1995). 

There is evidence for this, as it has been shown that between 1980-2000, scientific literature 

on all rhino species became dominated by studies on captive populations and laboratory-

based studies, even though ecological studies on free-living populations were identified as a 

priority (Linklater 2003). This also highlights that intensive management of species can 

prevent extinctions, but it does not address the threats that are the root causes of undesirable 

conservation status. Zoos are likely to have a minimal role in tackling the poaching and 

habitat loss that are the main cause of Sumatran rhino declines (Payne et al. 2019). 

One of the other main lessons that the history of the conservation of this rhino has for the 

application of the OPA is that collaboration, between all interested parties, for example zoo 

conservationists, wildlife managers and governments, is necessary. The lack of effective 

captive breeding has been blamed on both the unwillingness of the Indonesian government to 

work with the Malaysian Sabah state government and the disagreement between 

conservationists over the need for it (Nardelli 2014). Captive breeding was proposed in 1984 

but objections meant only ‘doomed’ isolated rhino were captured. Two thirds of trapped 
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females may have had serious reproductive pathologies due to being nulliparous (Payne et al. 

2019). Indonesia started a separate programme capturing rhino to Malaysia (Nardelli 2014) 

and the Indonesian government stalled progress to unite captive individuals and pool 

reproductive technology expertise (Payne et al. 2019).  

Lack of biological knowledge also hampered efforts (Nardelli 2013). Unusually, this rhino is 

an induced ovulator, making captive breeding almost impossible before this discovery (Roth 

2006). Accruing biological knowledge before work began was impeded because of the 

difficulty of studying free-living populations, the lack of closely related species, and the 

imminent threat of extinction. US zoos have developed their biological understanding and 

progress has been made with captive breeding (Roth et al. 2004). A Sumatran Rhinoceros 

Sanctuary in Lampung Province, Sumatra was founded and now houses seven rhinos, two of 

which were born there (Payne et al. 2019), suggesting that breeding centres in range states 

can be beneficial.  

Whilst a large mammalian herbivore and island birds are hard to compare directly, the 

contrast with the Mauritian birds is striking. Some of the bureaucratic and political obstacles 

to Sumatran rhino conservation were also been experienced on Mauritius, but 

conservationists could work around them more quickly. This may partly be because small 

islands have fewer layers of government and bureaucracy, and island birds are unlikely to 

attract as much high-level political attention. There was avicultural expertise for the 

Mauritian birds but much less knowledge about how to breed and manage an evolutionarily 

isolated rhino. These case studies show that both political and biological factors can hinder 

OPA projects, and that target species must be chosen carefully according to where zoo 

expertise and experience can have the greatest impact. 

5.4 How appropriate is the OPA for species most at risk of extinction?  

These case studies show that zoos can make contributions to conservation using OPA 

principles, but success is not guaranteed. For the OPA to significantly contribute to 

conservation, it must be effective for a range of species. To test this, we used the 2010 list of 

Alliance for Zero Extinction (AZE) animal species (AZE 2010). The AZE includes 

governments, multilateral institutions and NGOs and focuses on sites which are the sole 

location of populations of one or more Endangered or Critically Endangered species. It has 

been proposed that zoos focus their conservation efforts on AZE species (Fa et al. 2014). Zoo 

personnel are skilled in managing animals to boost breeding success, addressing veterinary 

issues and managing micro-habitats. They are less able to address aspects of landscape-scale 
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conservation. We therefore used these data to illustrate which species could and could not be 

assisted by zoo expertise.  

We used the 2010 list which contained 921 species. This was reduced to 873 for analysis as 

some had gone extinct, been down-listed or were otherwise inappropriate for analysis 

(Appendix 5.2). We summarized the threats and conservation interventions appropriate and 

actioned for 503 amphibians, 195 birds, 158 mammals and 17 reptiles. This information was 

obtained from the IUCN Red List February – August 2018 (IUCN 2018). It should be noted 

that this does not include populations outside of their historical range (Wallach et al. 2020). 

Data on captive populations were obtained from the Zoological Information Management 

(ZIMS) System June – August 2018 (ZIMS 2018) to show which species were kept in captive 

populations and therefore likely to be the focus of zoo conservation programs. Many zoos, 

breeding centres and private collections do not use ZIMS but it is the best data available. 

Methods are in Appendix 5.3. 

5.4.1 Threats faced by AZE species 

The most common threat is habitat loss, affecting 89% of species (Figure 5.1) but threats vary 

by taxa. Disease, mainly chytridiomycosis, affects almost 30% of amphibians, and invasive 

species, mostly introduced mammals, threaten 55% of birds. The pre-eminence of habitat loss 

is important as the expertise of zoos mainly lies in intensive interventions (Tables 5.1 & 5.2) 

and these must run alongside initiatives which halt and reverse habitat loss.  
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Figure 5.1. The proportion of AZE species affected by each type of threat 
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5.4.2 Interventions recommended and actioned for AZE species 

Figure 2 shows the proportion of conservation interventions mentioned on the Red List as 

being appropriate for AZE species which have been actioned (numbers of AZE species 

recommended for each conservation intervention can be found in Appendix 5.4). Only ~15% 

of species appropriate for species-specific research have been the focus of such a program, 

spread unequally between taxa with 3% for amphibians but 50% for birds.  

Whilst zoos could contribute to all these interventions; their expertise sets them up more for 

captive breeding and intensive management of free-living populations than it does to lobby 

for protected areas. Zoos could implement the OPA by focusing on AZE species 

recommended for captive breeding and bird species recommended for interventions to boost 

breeding success. 
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Figure 5.2. The proportion of AZE species which have been the focus of management interventions which have been recommended for them (the number of 

species which have been recommended for reintroductions from captivity was taken to be the number of species which have been successfully bred in 

captivity).
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5.4.3 AZE species kept in zoos 

Few AZE species have captive populations, 78 of the 873 species were stated as being subject 

to captive breeding programs on the Red List, and 65 on ZIMS (Table 5.3). While AZE 

species have been recommended as a focus for zoos (Conde et al. 2015) few have populations 

of a suitable size for long-term breeding or research. Some, including the whooping crane 

(Grus americana) and Bali Starling (Leucopsar rothschildi) have been the focus of integrated 

conservation programmes, but this makes up a relatively small proportion of the total 

complement of AZE species (Jones et al. 2002; Jepson 2016).  

 

Species name Common name Class Number of 

zoos 

Number of 

individuals 

Nectophrynoides asperginis Kihansi Spray Toad Amphibian 4 7442 

Leucopsar rothschildi Bali Starling Bird 166 972 

Pteropus rodricensis Rodrigues Flying Fox Mammal 43 891 

Ambystoma mexicanum  Axolotl Amphibian 131 831 

Phyllobates terribilis Golden Poison Frog Amphibian 91 777 

Philoria frosti Baw Baw Frog Amphibian 1 390 

Excidobates mysteriosus Marañón Poison Frog Amphibian 30 300 

Chelodina mccordi Roti Island Snake‐necked Turtle Reptile 46 284 

Pseudemydura umbrina Western Swamp Tortoise Reptile 3 283 

Garrulax courtoisi Blue‐crowned Laughingthrush Bird 46 234 

Zenaida graysoni Socorro Dove Bird 33 170 

Ambystoma dumerilii Lake Patzcuaro salamander Amphibian 8 129 

Alligator sinensis Chinese Alligator Reptile 47 122 

Calotriton arnoldi Montseny brook newt Amphibian 2 119 

Cyanopsitta spixii Spix's Macaw Bird 2 117 

Grus americana Whooping Crane Bird 11 116 

Grus leucogeranus Siberian Crane Bird 20 98 

Scinax alcatraz 
 

Amphibian 1 97 

Kachuga kachuga Red‐crowned Roofed Turtle Reptile 2 90 

Anodorhynchus leari Lear's Macaw Bird 8 77 

Hapalemur alaotrensis Alaotran Gentle Lemur Mammal 22 74 

Theloderma bicolor Theloderma bicolor Amphibian 4 72 

Cyclura collei Jamaica Ground Iguana Reptile 9 70 

Terrapene coahuila Coahuila Box Terrapin Reptile 14 70 

Lophura hatinhensis Vietnamese Pheasant Bird 18 68 

Xenopus longipes Lake Oku Clawed Frog Amphibian 2 67 

Crocodylus rhombifer Cuban Crocodile Reptile 27 67 

Ctenosaura bakeri Utila Spiny‐tailed Iguana Reptile 31 63 

Table 5.3 AZE species listed as having captive populations on zoos, the number of zoos they 

are kept in and total captive population sizes 
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Crax alberti Blue‐billed Curassow Bird 21 58 

Hyloxalus azureiventris Sky-blue poison frog Amphibian 7 56 

Icterus oberi Montserrat Oriole Bird 14 55 

Hypogeomys antimena Malagasy Giant Jumping Rat Mammal 17 53 

Cuora aurocapitata Yellow‐headed Box Turtle Reptile 3 52 

Mannophryne olmonae Bloody Bay Poison Frog Amphibian 2 51 

Astrochelys yniphora Ploughshare Tortoise Reptile 10 51 

Marmota vancouverensis Vancouver Island Marmot Mammal 2 48 

Mitu mitu Alagoas Curassow Bird 2 46 

Geotrygon carrikeri Tuxtla Quail‐dove Bird 2 42 

Atelopus certus 
 

Amphibian 1 40 

Pyrrhura griseipectus Grey‐breasted Parakeet Bird 8 34 

Eleutherodactylus bakeri La Hotte bush frog Amphibian 1 33 

Kachuga trivittata Burmese Roofed Turtle Reptile 1 23 

Brachylophus vitiensis Fiji Crested Iguana Reptile 4 22 

Mantella milotympanum Black‐eared Mantella Amphibian 6 21 

Ambystoma andersoni Anderson's salamander Amphibian 8 21 

Ambystoma lermaense Lake Lerma Salamander Amphibian 2 20 

Eos histrio Red‐and‐blue Lory Bird 5 20 

Aratinga brevipes Socorro Parakeet Bird 4 19 

Thinornis novaeseelandiae Shore Plover Bird 1 19 

Nipponia nippon Asian Crested Ibis Bird 1 18 

Axis kuhlii Bawean Deer Mammal 3 18 

Pipile pipile Trinidad Piping‐guan Bird 4 7 

Ranitomeya sirensis 
 

Amphibian 2 6 

Atelopus laetissimus 
 

Amphibian 1 5 

Atelopus nahumae 
 

Amphibian 1 4 

Taudactylus Pleione Kroombit Tinker Frog Amphibian 1 4 

Scaphiophryne boribory 
 

Amphibian 1 4 

Eleutherodactylus amadeus Haitian robber frog Amphibian 1 3 

Eleutherodactylus 

ventrilineatus 

 
Amphibian 1 3 

Porcula salvania Pygmy Hog Mammal 2 3 

Anas nesiotis Campbell Islands Teal Bird 1 1 

Eunymphicus uvaeensis Ouvea Parakeet Bird 1 1 

Corvus hawaiiensis Hawaiian Crow Bird 1 1 

Corvus kubaryi Mariana Crow Bird 1 1 

Ctenosaura oedirhina Roatán Spiny‐tailed Iguana Reptile 1 1 

 

The low proportion of AZE species in captivity could be concerning beyond the potential 

benefit of captive breeding, since zoos often focus their conservation efforts on species within 

their collections (Fa et al. 2014). This creates a narrative to convey to supporters (Keulartz 

2015) but limits the species which zoos help to conserve. Attracting visitors, contributing to 
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conservation and breeding threatened species must be balanced as attendance strongly 

correlates with zoos’ contribution to field conservation (Mooney et al. 2020) If zoos focus on 

breeding and researching threatened species, then the fact that the proportion of endangered 

species in collections does not drive attendance is worrying (Mooney et al. 2020). There is 

also a tendency for high turnover of non-traditional, less charismatic species in zoos (Jones 

2015a). However, if Western zoos can primarily aid conservation by supporting zoos in the 

range states of endangered species, then charisma, and not threat status, can be justified as the 

primary reason for keeping species as keeping charismatic species maximises income 

(Mooney et al. 2020). 

Many species are unsuited to, or do not need, captive populations, in which case zoos can 

contribute to the management of free-living populations using techniques developed on 

related species, as for conservation of the kakapo (Strigops habroptilus) (Elliott et al. 2001). 

Zoos should be willing to support the conservation of species not in their collections to 

ensure the OPA can help a significant number of species. There is an argument that 

threatened species without assurance captive populations should even be prioritised. If 

captive breeding is necessary, zoos could aid specialist breeding centres within range 

countries before bringing individuals into their collections.  

The OPA is not universally applicable, and species must be considered on a case-by-case 

basis. Consideration should be given to cost, geography and history of presence in zoos as 

well as required interventions. This analysis has highlighted a gap between what AZE species 

require and what is being done, but this does provide opportunities for zoo-led contributions 

for some of the world’s most threatened species (Funk et al. 2017). A good place to start may 

be the high numbers of amphibian and mammal species which have been recommended for 

focused research but have yet to be the target of such a programme (473 amphibian species 

and 133 mammal species).    

5.5 Discussion 

Identifying the benefits and drawbacks of the OPA, and testing its applicability, have shown 

that it provides an opportunity for zoos to contribute towards the conservation of free-living 

species, although it must find its place within conservation planning. The OPA has been cited 

as ‘an important tool to progress species ‘up the ladder’, towards fully conserved status’ 

(Byers et al. 2013). ‘Fully conserved’ must be defined since an increasing number of species 

require long-term conservation care. The CPSG state that ‘Ideally every threatened species 

would have an integrated conservation plan developed’ but that this is ‘a process of epic 
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proportions’ (Traylor‐Holzer et al. 2019). We question the feasibility of designing and 

implementing OPA plans for over 31,000 species (IUCN 2018). Some zoos using the OPA 

have target species e.g. (Bristol Zoological Society 2018), but how to identify them is not 

clear for the OPA as a whole.  

It could be easy for zoos to focus on charismatic species common in zoos; rhino, tigers and 

other large mammals. They attract a lot of investment and interest and make excellent 

promotional stories. These species can be included but we urge zoos to develop prioritsiation 

programmes which go beyond these species. This could include filling knowledge gaps 

identified by managers of free-living populations (Ziegler & Vu 2009), as well as focusing on 

species which continue to decline in protected areas and landscape-scale conservation 

projects and data deficient species.  

We have identified factors which give projects greater chances of success. Collaboration and 

agreement over strategy are essential, including range state governments. Worries over the 

role of zoos, single-species approaches and the devaluing of wild populations could prevent 

collaboration and must be addressed from inception. As much research as possible should be 

done before implementing intensive interventions, including ecological history to give the 

current predicament an historic perspective, and a focus on factors limiting productivity and 

survival and the skills to mitigate them (Jones 2015a).  

Projects must include commitments to work with local communities and organizations to 

ensure that social, political and cultural contexts are respected. Demonstrating effectiveness 

is crucial, including reporting failures. The skills of zoo staff which can be used to boost 

populations of Critically Endangered species must be identified and they must be invested in 

transitioning from animal carers to conservationists. Building partnerships and providing 

credit fairly will build their status as worthwhile partners and help OPA projects build 

capacity to avoid dependence on external expertise. Zoos must prove that they are capable 

conservation actors, and not simply funders, to justify their remit under the OPA. Zoos 

balance roles of conservationist, educator, trainer, entertainer, business, fund-raiser and 

campaigner. The processes of business (Fa et al. 2014), and desires to be progressive, can 

create pressure to exaggerate conservation contributions (Hancocks 2001; Mazur & Clark 

2001). If investing in the OPA is detrimental to other roles, in keeping fewer charismatic 

species for example, zoos face questions concerning their willingness to do this (Mooney et 

al. 2020).  
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For OPA plans to be effective they must mirror how successful projects grow. The mismatch 

between conservation project plans and how they actually progress is clear evidence that 

planning has often been poor (project accounts in (Clark et al. 1994). Conservation projects 

grow organically through broad overlapping stages with different emphases and required skill 

sets (Jones 2015a). Species restoration projects can take decades, and rebuilding ecosystems 

even longer, and detailed planning is unrealistic over long timeframes. Although developing 

10, 50 or 100 year visions can be useful to guide project growth. Short-term investment and 

rapid focal species turnover must give way to long-lasting commitment to species and their 

ecosystems.  

Successes at the species level can leverage support for the restoration of ecosystems. Species 

projects which have run for four decades increasingly embrace the conservation of associated 

habitat (Jones, 2008). Work that started as the breeding of Round Island reptiles in Jersey 

Zoo has progressed to rebuilding native ecosystems, even using an exotic tortoise as an 

ecological proxy for an extinct species to reinstate grazing (Griffiths et al. 2010). Ecosystem 

restoration needs to be built into long-term visions and OPA partners should be prepared for 

long-term involvement if they want to have impact beyond a relatively small number of focal 

species. Recreating historical ecosystems may often be impossible, and we urge pragmatism 

in goal-setting, including maintaining the maximum biodiversity in functional systems even 

in novel species combinations and with ongoing human intervention. 

The OPA is not a panacea and should be integrated into approaches which focus on restoring 

habitat, communities and ecosystems. Under a narrow definition, the OPA could perpetuate 

piecemeal species conservation and fail to have benefits for significant numbers of species. 

This interpretation limits thinking when we should use focal species to drive a larger 

objective of allowing species to fulfil their ecological roles under natural selection to benefit 

systems. If it fits into a long-term vision the OPA could be a framework that allows zoos to 

fulfil their conservation potential and prevent the extinction of some of our most imperiled 

and important species.  
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Abstract 

Accelerating global threats to biodiversity, including climate change and land-use change, are 

forcing pragmatic reassessments of achievable conservation goals. Part of this is whether 

species can be conserved without human intervention in the long term. Technological and 

methodological innovations mean that conservation can intensively manage more species to 

prevent their extinctions. This includes emerging frameworks such as the One Plan 

Approach, which encourage the application of skills and expertise from captive animal 

management to small populations whether they are free-living or captive. Another aspect of 

change in conservation is the increasing role of capitalist methodologies, corporations and 

philanthropists in funding. The purpose of this study was to test whether conservation 

professionals, and members of the public who support conservation financially, support these 

changes, and whether there is divergence between the two groups. We used a mixed methods 

approach and standardised questionnaire surveys including questions regarding funding 

sources, the importance of wildness, the role of zoos and the extent to which management 

interventions reduce wildness in the conservation of large herbivores. We use the One Plan 

Approach as a relatively well-known example of interventionist approaches which may 

increase the role of international organisations in conservation. We show that there is a 

mismatch between desired and actual conservation funding sources, that notions of wildness 

are still an important consideration for some people, and that increasing levels of intervention 

may cause objections to new conservation frameworks. There are serious dissonances 

between the beliefs of people who support conservation and changes in its practice. At a time 

when conservationists are being forced to be dynamic in response to new and pervasive 

threats, efforts to align expectations and practices are vital.  

 

6.1 Introduction 

In a world where biodiversity is coming under increasing pressure, nature conservation 

requires creative approaches to overcome critical challenges. Accelerating threats including 

climate change (Settele et al. 2015), land use change (Powers & Jetz 2019), diseases (Martel 

et al. 2013) and hunting or harvesting (Ripple et al. 2015) are having novel and complex 

impacts on wildlife and protected areas. The effects of the degradation of the natural world on 

humans are also increasingly being realised, including increases in the rate of disease 

emergence in humans (Johnson et al. 2020). These global processes are forcing 
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conservationists to review the paradigms of the field and increase integration with each other 

and other fields (IPBES 2019).  

Conservation projects are more effective when practitioners engage in an explicit process of 

objective setting before designing methods (Pullin et al. 2013), taking account of the 

particular ecological, social and political context of the area (Tear et al. 2005). Time 

pressures faced by conservationists mean that the aim of a project is often defined, sometimes 

implicitly, as the avoidance of extinction (Redford et al. 2011). Whilst preventing extinction 

is arguably the fundamental aim of conservation (Parr et al. 2009), it does not capture the 

range of potential priorities and it is not the only argument used to justify the preservation 

and restoration of biodiversity (Berry et al. 2018). Conservation increasingly considers 

biodiversity goals alongside ecosystem services and function (Cinner et al. 2020). Other aims 

include demographically and ecologically self-sustaining populations (Redford et al. 2011), 

resilient ecosystems (Bellwood et al. 2003), the preservation of areas which are free from 

human influence (Saarinen 2016), the provision of ecosystem services and benefits to humans 

(Tallis et al. 2008) including tackling poverty (Adams et al. 2004) and the importance of 

natural systems for Indigenous peoples (Ens et al. 2016). 

Conservation has had some success, and many species would certainly be closer to extinction 

without it (Hoffmann et al. 2010) but novel threats are outpacing our ability to respond with 

appropriate policy (Díaz et al. 2019). More fundamentally, these threats may be outpacing 

theory, making classical conceptions of valuable aspects of nature redundant. A disconnect 

may be developing between what people think that conservation is trying to achieve, and 

what the methods which we are employing will realistically achieve. 

In this context, the protection of wilderness and conceptions of nature which rely on a lack of 

human presence are coming under increasing scrutiny (Pritchard et al. 2012). This is 

important as many Western notions of conservation are based on ideas of protecting 

wilderness (Linnell et al. 2015) and have adopted a dualistic relationship between humans 

and nature, where any entry of people into nature devalues it and the ultimate aim is to 

protect peopleless wilderness (Wilson 2016). This binary does not exist in the thought of 

many Indigenous cultures (Johnson & Murton 2007) and wildlife existed with human 

societies for tens of thousands of years before colonisation (Bjorkman & Vellend 2010; 

Clement et al. 2015). The Western binary between people and nature (Latour 2004; Morton 

2007), the aim of preserving wilderness (Cronon 1996; Lorimer 2012) and the separation 
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between in situ and ex situ (Braverman 2015) are all increasingly challenged by theorists and 

ecological historians. In practical conservation, an increasing number of species rely on 

human management for their survival in situ (Scott et al. 2010). The management of species 

in situ is having tangible benefits (Young et al. 2014) but approaches which implement 

intensive interventions in situ may cause problems if people view humans and nature as 

separate entities (Malm 2018) and wildness is integral to their ideas of what conservation 

should be. The emergence of such approaches necessitates that any detachment between 

perceived aims and contemporary methodologies be identified.  

One of the approaches which will increase levels of intervention in situ is the International 

Unions for the Conservation of Nature (IUCN) Conservation Planning Specialist Group’s 

One Plan Approach (OPA), which attempts to bring the historically separate in situ and ex 

situ communities together. The aim of the OPA is to encourage integrated species 

conservation planning for all populations of a species, both inside and outside of their natural 

range, and engage all stakeholders to produce one comprehensive plan (Byers et al. 2013). By 

encouraging the movement of individuals between wild and captive populations if beneficial 

(Byers 2014) the OPA inherently values non-wild populations. Whilst it has many potential 

practical benefits (Redford et al. 2012; Traylor‐Holzer et al. 2019), it is a symbol of the 

dissolution of the in situ/ex situ boundary. We use the OPA as a relatively well-known 

example of these approaches to test attitudes towards such a framework. Increasing the level 

of intervention and moving away from wildness as an aim are some potential objections to 

the OPA. Another is the increased role it will give to zoos in field conservation, as they will 

often be stakeholders involved drawing up these conservation plans. Many threatened species 

have captive populations and even if they do not, zoos can contribute using their skills in 

small population management and research (Fa et al. 2011). We therefore aimed to test 

whether attitudes towards zoos or the importance that respondents place on wildness affected 

their opinion of the OPA. 

How conservation is funded is also changing. Increasingly, conservation employs capitalist 

methodologies (Büscher & Fletcher 2015), engaging corporations (Adams 2017) and 

philanthropists (Holmes 2012) to help fund its activities. A critical body of literature has 

interpreted this as a negative process which has allowed conservation to be utilised as a 

method of primitive accumulation (Igoe 2010). If those involved in conservation agree with 

this interpretation, then it risks losing the support and professional efforts of these people.  
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We assessed the attitudes of two populations. The first was conservation professionals, 

including employees of non-governmental organisations (NGOs), statutory conservation 

agencies and members of conservation societies. The second group was the UK conservation-

supporting public. Members of the public who take an interest in, donate to and support 

conservation are often neglected when designing conservation projects, even though their 

preferences are important to the success of interventions (Buckley et al. 2012). We recruited 

respondents using a UK conservation charity’s mailing list, website and social media. These 

Western people who take an interest in conservation in these ways are important as they pay 

to visit nature-based attractions and NGOs rely on them for donations. Even excluding major 

donors, 40% of WWF’s total income comes from individuals (Anyango-van Zwieten et al. 

2019). Conservation must satisfy these donors to continue to receive their support and we 

recruited respondents from a group who are likely to make such donations. Whether the 

views of these people diverge from those of conservation professionals, who obviously have 

experience of how the field works, is important as any divergence could cause conflict 

between donors and practitioners.  

Here we use large herbivores, defined after Ripple et al. (2015) as those species with mean 

adult body masses of 100kg or more, to test attitudes towards the aims of conservation. Large 

herbivores are currently experiencing alarming declines (Ripple et al. 2015) but as 

charismatic creatures (Lorimer 2007) these species can be used as flagships to mobilise both 

support and funding for conservation (Smith & Sutton 2008). Many people have an interest in 

how large herbivores are treated and conserved (Home et al. 2009) and they act as symbols of 

traditional ideas of pristine nature and wilderness (Samuel 2000). Some questions in the 

survey set out hypothetical scenarios using rhinos as an example because they are well-

known animals which exemplify many of the difficulties faced by large herbivores in both the 

small and declining population paradigms (Caughley 1994).  

Throughout this paper we use the terms ‘wilderness’ and ‘wildness’. We define the term 

‘wilderness’ as ‘an area free from human impact where the ecosystem is largely self-willed’ 

and wildness as ‘the extent to which an area, ecosystem or population is free from human 

impact or interference’.   
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6.2 Methods 

6.2.1 Survey instrument 

Responses were collected using two standardised questionnaire surveys as widely used in the 

social sciences (Klandermans 2002). The two surveys were identical apart from an extra 

question on the conservation professional survey which addressed the OPA. We did not 

include this question on the conservation-supporting public survey because, with the 

technical nature of the explanation, we did not believe that we would obtain meaningful data, 

which was confirmed by piloting. Similar methods have been used to assess views of both the 

public and professionals in conservation (Bennett et al. 2019; Sandbrook et al. 2019). These 

surveys were designed according to the guidelines in the Encyclopaedia of Social 

Measurement including using simple terminology and avoiding ambiguity, using both closed 

and open question types and piloting questions with members of the target communities 

(Wagenaar 2005; Martin 2005). We used the University of Manchester’s SelectSurvey online 

platform and piloted the surveys using conservation researchers, practitioners and people who 

do not work in the field to test the usefulness of responses from both target groups. The 

surveys were completed online to improve accessibility and increase response rates. All 

responses were anonymous, and respondents are not identifiable. Ethical approval and 

permission for the study were granted by the University of Manchester University Research 

Ethics Committee 2 (Reference 2017-0760-1564) and Chester Zoo’s Ethical Review 

Committee. The purposes of the survey were outlined in invitation emails and blogs and were 

detailed in a project invitation sheet available to all respondents. The first question of the 

survey asked respondents to confirm their consent to the information they provided being 

used for these purposes, and to exit the survey if they did not.  

We used a mixed methods approach to collect both quantitative and qualitative data. 

Respondents were asked to rank organisations in the order that they should contribute 

financially towards conservation. Whilst conservation professionals will have knowledge of 

the sources of conservation funding, and there is no reason that members of the public will, 

the question asked which organisations ‘should’ be contributing towards conservation. 

Responses should therefore reflect aspirations rather than what respondents think the reality 

is. This was compared to real-world spend by different organisations taken from Waldron et 

al. (2013) who estimated this for 2001-2008. An estimate of the contribution that zoos made 

to in situ conservation in 2008 was taken from Gusset and Dick (2011). It can be difficult to 

separate out the sources of funding in conservation, as supragovermental organisations 
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mostly receive their funding from national governments and NGOs receive significant 

portions of theirs from national governments and the private sector, as well as individual 

donations (Waldron et al. 2013; Anyango-van Zwieten et al. 2019). Despite this, it is still 

worth interrogating views on the sources of conservation funding. The groups which fund 

conservation will have influence over its direction, regardless of whether they are the ultimate 

source of the money or receive money from another group to spend on their own projects. As 

such, responses to this question in part reflect opinions on who should have influence in 

conservation.  

Three Likert scales, made up of several items, were used to measure opinions on the 

effectiveness of zoos as conservation actors, the importance of wildness in the conservation 

of large herbivores, and the extent to which management interventions reduce this wildness. 

In the professionals' survey, a Likert scale measured how respondents viewed the OPA. Two 

scenario questions asked for preferences on methods of conserving rhinos. One focused on 

whether there should be legal trade in rhino horn, and the other on whether Kenyan rhinos are 

best conserved in fenced protected areas or more extensive unfenced areas even if that 

reduces population growth rates. These scenarios were chosen as they are well-known issues 

and they exemplify the debates regarding wildness in large herbivore conservation regarding 

the justification for intensive interventions and restricting the free movement of these 

animals.   

Qualitative data were obtained from open-ended answers in comment boxes which 

accompanied the Likert scales and scenario questions. Qualitative data such as these are 

increasingly recognised as important in conservation to provide a more in-depth 

understanding of perceptions (Sutherland et al. 2018). The survey also asked for some 

demographic and professional details. 

6.2.2 Survey procedure 

Respondents were recruited using purposive sampling (Etikan et al. 2016), used to provide a 

more accurate representation of these two groups than a representative sample of the wider 

public would (Veríssimo et al. 2018). Gatekeepers were identified for a range of conservation 

organisations and contacted with a request to circulate the survey. Professionals were also 

recruited using snowball sampling as communications contained a request for respondents to 

circulate it amongst their colleagues. It was distributed via mailing lists and on social media 

by a range of organisations (Appendix 6.1). We made efforts to contact professionals who 
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work around the world and received responses from 63 professionals. Of the 60 who 

responded to the question asking about the geographical focus of their work, 21 focused on 

Western Europe or North America, whereas 29 focused on other regions and 10 on both. This 

divide is mentioned because many of the conceptions of wildness studied here come from 

thought from the Western world. A full summary of the regions which respondents worked in 

are summarised in Appendix 6.2. The respondents were dominated by those who work in 

conservation charities, comprising 29 of the 51 who answered the question regarding the 

organisation they worked for. The rest was quite evenly split among governments, 

supragovernmental organisations, statutory bodies, zoos, corporations and academics 

(Appendix 6.2). 

We received responses from 136 members of the conservation-supporting public. The non-

professional survey was distributed to interested but non-expert members of the public who 

donate to and support conservation. A blog outlining the purpose of the survey, including a 

participation information sheet and link to the survey, was posted on Chester Zoo’s Act for 

Wildlife website. Act for Wildlife is a charity, run by Chester Zoo, which carries out 

conservation programmes worldwide. Information about the survey was emailed out to the 

Act for Wildlife mailing list and distributed via social media.  

6.2.3 Data processing 

The responses to the items within each Likert scale were numerically coded, with a value of 

one given to ‘Strongly Disagree’ and five to ‘Strongly Agree’. The numbers for some items 

within each scale were inverted so that they all had the same directionality. For example, in 

the OPA question scale, a response of ‘Strongly Agree’ to the question ‘The One Plan 

Approach as outlined above is a good idea’ was given a value of five whereas a response of 

‘Strongly Agree’ to the question ‘The One Plan Approach as outlined above devalues non-

captive populations’ was given a value of one so higher values indicated more positive views 

of the OPA. The responses to the items within each scale were summed to provide a 

quantitative measure of each respondent’s view on the subject that could be analysed at the 

interval measurement scale (Boone & Boone 2012). Some respondents had chosen two 

adjacent answers to items on the Likert scales, such as ‘Agree’ and ‘Strongly Agree’. For 

this, the score given to the response was an average of the two, for example 4.5 was given to 

an answer in which ‘Agree’ and ‘Strongly Agree’ were both chosen. This only ever occurred 

for two adjacent answers, such as those coded 2 and 3. 
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6.2.4 Data analysis 

All analyses were carried out in R version 3.4.3 (R Core Team 2017). Binomial GLMs were 

used to test whether the importance placed on wildness, the perceived effectiveness of zoos 

and the group the respondent belonged to, significantly predicted how the respondent 

responded to the scenario questions. Opinions of rhino horn trade and fencing of reserves will 

be affected by many factors. However, this statistical analysis allowed us to use these things 

as explanatory variables to test whether they significantly explain respondents’ views on 

these methods of conservation. Ward hierarchical cluster analysis was used to cluster 

management interventions which gained similar responses to the question of how much they 

were perceived to reduce the wildness of large herbivore populations. Multiple linear 

regression analysis was used to investigate whether professional respondents’ attitudes 

towards wildness and the effectiveness of zoos affected how they viewed the OPA. The 

demographic questions were optional and sample sizes were not large enough for these data 

to be meaningfully included in analyses, apart from a comparison of responses to the scenario 

questions from professionals who focused on different global regions. Australasia and the 

Pacific Islands were removed from this as only one respondent who worked globally stated 

that they work in this region, and the remaining 13 regions were grouped into 5 continental-

scale areas for analysis. A summary of the demographic data provided can be found in 

Appendix 6.2. 

Along with quantitative data, the comments provided by respondents produced qualitative 

data which were analysed using coding carried out line-by-line and adopted from the method 

set out in Strauss and Corbin (1998). Written responses from comment boxes were split into 

categories representing emergent themes. For example, with regards to the question regarding 

the importance of wildness in conservation, several respondents from both groups wrote 

answers which could be grouped under the theme ‘conserving a human-dependent species 

cannot truly be called a success’ (Appendix 6.3). Representative quotes are presented in the 

results. 

6.3 Results 

6.3.1 Funding sources 

Respondents were asked to rank ‘organisations in the order in which you think they should 

contribute financially towards conservation, with 1 being the most and 7 being the least.’ The 

sum of the respondents who gave each rank to each type of organisation are presented in 
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figure 6.1a. Figure 6.1b shows an estimate of the amount that each type of organisation 

actually contributes, (Gusset & Dick 2011; Waldron et al. 2013). 

 

 

Figure 6.1 a) Responses to the question ‘Please rank these organisations in the order in which you 

think they should contribute financially towards conservation’ with one being the most and seven 

the least. The numbers represent the total number of respondents who assigned each rank to each 

type or organisation. b) Estimates of the actual annual spend of each type of organisation on in 

situ conservation from Waldron et al. (2013). *A significant portion of the budgets of INGOs is 

made up of donations from private individuals and corporations. These donations are the main 

way which these groups contribute to conservation, but the exact amounts are uncertain 
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This shows that aspiration of who should be making financial contributions to conservation 

do not match actual investment. A Spearman’s rank-order correlation ,with p value calculated 

using a z-test, excluding companies and private individuals as they were not represented in 

the real-world data, confirmed that there was no significant correlation between the modal 

ranks from respondents and the real-world ranks of funding contribution (rs = 0.3, p = 0.671). 

Although respondents thought that local communities should be the group least responsible 

for funding conservation activities, in reality they are the second most important donors. 

Conversely, supranational organisations, zoos and aquaria are providing lower levels of 

funding than desired.  

6.3.2 Do attitude towards wildness and opinions on the role of zoos affect how people 

think conservation should be carried out? 

Neither respondents’ views on the importance placed on wildness, their attitude towards the 

effectiveness of zoos nor whether they were a professional or supporter affected whether they 

supported a legal trade in rhino horn (binomial GLM, null deviance (df=180) = 203.01, 

residual deviance(df=202.48) = 202.48). However, respondents who valued wildness were 

more supportive of removing fences on rhino reserves in Kenya (binomial GLM, null 

deviance (df=185) = 179.88, residual deviance (df=182) = 163.91, coeff = 0.21, SE = 0.076, z 

= 2.739, p = 0.006,) but their views on the effectiveness of zoos did not affect their answer 

(coeff = -0.33, SE = 0.035, z = -0.945, p = NS). Professionals were more likely to support 

removing fences than conservation supporters (coeff = -0.92, SE = 0.42, z = -2.169, p = 

0.030) (Figure 6.2a). The percentage of professional respondents who choose to take fences 

down varied depending on the geographic focus of their work (Figure 6.2b). Around 39% of 

respondents who work in Europe chose to take fences down, whereas the figure was around 

28% for those in Africa and Asia and lower again at 18% for the Americas.  
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Figure 6.2 a) The importance placed on wildness, measured using a Likert scale and represented 

on the x-axis, and respondent group both significantly predicted which method of rhino 

conservation respondents preferred b) The percentage of professional respondents who chose to 

take fences down in this scenario who focus on each global region. Standard errors calculated 

using the adjusted Wald method. Available answers were small regions but responses were 

aggregated due to low sample sizes. Number in brackets is the number of respondents who stated 

they worked in that region. Respondents could choose more than one region, and if so their 

response was included in all of the regions they choose (Appendix 6.2). One respondent stated 

they worked globally so their response was excluded. 
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Qualitative findings 

The following quotes represent important themes about the relative importance of 

interventions to prevent extinction versus prioritising ecosystem or landscape-level 

conservation. 

• Quote 1 (Supporter) – “Wild populations would sadly be too vulnerable. As much as I 

would prefer a truly wild population the current priority has to be prevention of 

extinction, by whatever means.” 

• Quote 2 (Professional) – “Successfully functioning landscape ecology at all levels of 

conservation in all countries has to be the only long-term solution. To accept constant 

intervention as an alternative seems a morally acceptable poor alternative but does 

little to change political will.” 

• Quote 3 (Professional) – “The effort to prevent species extinction is a valuable one, 

however when species survival depends directly on human interaction then a line has 

been blurred. Are these populations being kept as 'pets' to make humans feel better in 

some way … Could it not be argued that an artificially sustained life is not really a 

life at all?” 

• Quote 4 (Professional) – “Nothing to do with the idea of 'wildness' but I think the 

better scenario is whichever of the two is best for the ecological function of the 

habitats within and outside of the reserves.”  

 

6.3.3 Management interventions 

Ward hierarchical cluster analysis, with Euclidean distance, grouped management 

interventions into four clusters of increasing invasiveness (Figure 6.3). Clusters 1 and 2 had 

low average scores on the Likert scale, meaning that respondents generally considered that 

they did not reduce wildness significantly. Interventions in clusters 3 and 4 had higher 

average scores. These could be seen as more invasive, requiring contact with the animals, 

potentially altering natural behaviour, or requiring visible infrastructure.  
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Qualitative findings 

The following quotes represent important themes about the extent to which particular 

management intervention reduce the wildness of large herbivores. 

• Quote 5 (Supporter) – “The idea of maintaining the wildness of an animal species and 

making this idea the top priority, rather than conserving them, to me is very foolish. I 

would rather the species be saved from extinction”  

• Quote 6 (Supporter) – “Mapping and locating isn't an issue so long as the people 

involved aren't actively getting involved as such, but anything that can have an impact 

on natural selection is an issue. Stopping human related decline is required but 

changing their supply of food and water to an unnatural standard may reduce the 

fitness of the population by allowing weaker individuals to survive. These options 

need to be a last resort only.”  

 

6.3.4 One Plan Approach (OPA) 

The importance people placed on wildness was negatively associated with their perception of 

the benefits of the OPA (linear regression: β = -0.47 se = 0.17, p < 0.001; R2  = 0.23, 

F(2,60)=8.77, p < 0.001) (Figure 6.4) but their opinion on the effectiveness of zoos was not 

significantly associated with this perception (β = 0.036, se = 0.09 p = NS). 

1. Monitoring 
p=0.01 

 

2. Water supply 
p=0.01 

 
3. Infrastructure 
and dehorning 

p=NS 

4. Health 
p=0.03 

 

Figure 6.3. Ward hierarchical cluster analysis showing the clustering of responses to the Likert 

scale asking how much different management interventions reduce the wildness of populations of 

large herbivores. Statistical support is shown using bootstrapped approximately unbiased p-values 

obtained using the pvclust R package. In general, the amount that the interventions were perceived 

to reduce wildness increases from cluster 1 to cluster 4. 
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Qualitative findings 

The following quotes represent important themes in professionals’ views on the OPA. 

• Quote 7 (Professional) – “The idea to bring together knowledge & resources is a great 

one, only by cooperative working can we achieve maximum gains for conservation & 

biodiversity. The exact benefits & risks will depend entirely on how the project is run 

and the people involved.” 

•  Quote 8 (Professional) –Yes, the black rhino population in South Africa is an 

intensively managed artificial meta-population. But they have their own well-trained 

staff that specialise in rhino translocation, and have got very good at it. Do they need 

any help?”  

• Quote 9 (Professional) – “This would be a good approach but the challenge of gaining 

alignment across the various statutory, non-statutory and other stakeholders should 

not be underestimated.”  

Figure 6.4. The importance conservation professionals placed on wildness, measured using a 

Likert scale and represented on the x-axis, significantly predicted their attitude to the OPA, also 

measured using a Likert scale and represented on the y-axis 
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• Quote 10 (Professional) – “My main concern with the One Plan approach would not 

be the integration of captive and wild populations, but the focus on single charismatic 

species rather than wider ecosystem function. The starting point should be to consider 

the action needed to maintain the social, environmental and economic benefits 

(ecosystem services) that relatively intact ecosystems provide, and work to maintain 

those … If this approach fails to adequately protect particular species that are judged 

to warrant targeted individual action, more intensive management options could be 

considered. Once this rubicon has been crossed, the distinction between in situ and ex 

situ management/captive breeding is less important - and both could contribute to the 

aim of restoring something closer to 'natural' ecosystems with their full species 

complement. If this isn't possible for a given species, survival under heavily managed 

conditions (while far from ideal) is preferable to extinction.”  

 

6.4 Discussion  

6.4.1 Funding sources 

In order to meet respondents’ expectations of funding sources for conservation, the financial 

burden would need to be moved away from communities in areas of conservation concern, 

and primarily onto supranational organisations, charities and companies. It is all too easy for 

conservation to continue without taking account of local communities (Brockington 2004) 

removing their motivation and ownership of projects (DeCaro & Stokes 2008).  

Decentralisation of decision-making in conservation certainly poses challenges (Wright 

2017) but there is evidence that involving communities in the decision-making process of a 

protected area improves compliance (Andrade & Rhodes 2012) and well-being (Moore et al. 

2006). To reconcile this, funding from these international organisations could be directed to 

local communities, who could then be empowered to decide what aspects of conservation 

which it is spent on.  

Changing sources of funding may be difficult to achieve. Supranational organisations are 

funded by member states and whilst their commissions do have some control, national 

governments have a large influence over the money (Patz & Goetz 2015). If national 

governments do not want more of their contributions spent on conservation then it is hard for 

supranational organisations to do so. Some environmental NGOs have very large budgets, for 

example The Nature Conservancy had expenses of over USD$900 million in 2018 (TNC 

2018). But even these very large NGOs have far less money than the governments of 
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developed economies. It may also be difficult for NGOs to increase their influence (Banks et 

al. 2015) because governments can perceive this as foreign interference which undermines 

their interests (Cook et al. 2017). 

The two organisations ranked most highly by respondents were governmental, rather than 

private or charitable. It may be that respondents think that the management of nature should 

primarily be the responsibility of organisations which are supposed to represent society, 

instead of private and charitable groups which are less accountable to it. It may therefore be 

that the increasing involvement of philanthropists and corporations runs counter to the 

expectations of people who work in and support conservation. 

6.4.2 The value that people place on wildness is still important in conservation 

The responses to this survey suggest that conceptions of wildness are still important in 

determining attitudes towards conservation and its methods. The comments for the question 

about whether fences should be removed illustrate the range of viewpoints amongst 

respondents regarding the value of wildness. Some thought that fences are a necessary cost to 

pay for safe populations (Quote 1) whilst some thought that the value of maintaining ‘wild’ 

populations, or those which successfully fulfil their ecological role, supersedes the benefits of 

fencing. These comments are relevant to debates regarding the in situ/ex situ divide and 

whether or not species kept in ex situ conditions can be considered ‘conserved’ (Redford et 

al. 2011). One respondent said that rhinos are ‘wild animals not herds of cattle’ and another 

stated that properly functioning ecosystems should be the only acceptable aim (Quote 2). 

These people would take the view that preventing extinction is not the only requirement for 

successful conservation, rather that species must remain in some semblance of a functioning 

ecosystem. Some respondents thought that species permanently dependent on human support 

were ‘essentially extinct’ and questioned motivations for this (Quteo 3). On the other side of 

the argument, there were those who prioritised the prevention of extinction above all else 

(Quote 5).  

The greater proportion of professionals who supported removing fences (Figure 2a) may be 

explained by their greater motivation to focus on landscape-scale management. Themes 

mentioned multiple times in professionals’ comments but not from the conservation-

supporting public were those of ecosystem functioning and ecosystem services. For some 

professionals, wildness was not important for its own sake, but rather as a proxy for these 
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things. Some of the professional’s comments stated that this would allow ‘natural behaviour’ 

and would be better for ecological function (Quote 4).  

Attitudes towards different interventions, including fencing, vary in different parts of the 

world with it being very common in African conservation, and much less so in places like 

western Europe (Lindsey et al. 2012). The difference between the two groups may be partly 

due to the fact that non-professional respondents are from the UK. Fencing is not much of an 

issue in western Europe, and so it may be that western Europeans take a more idealistic view 

that animals should not be contained if possible. Wilderness ideals are most associated with 

conservation in North America (Nash & Miller 2014), however those professionals on 

average chose keep fences the most often. Professional’s views on fencing may be shaped by 

the multiple areas of the world they work or have worked in.  

It is vital to consider the ongoing importance of wildness within groups who are crucial to 

conservation. This not only has serious implications for the practice of conservation in situ 

but also for ex situ collection design and whether it is worthwhile keeping ex situ populations 

when it is unlikely individuals will ever be reintroduced to their native habitat (Braverman 

2015). Once a dissonance between expectations and reality is recognised, it can be tackled in 

two ways. Either the methods employed can be altered to meet expectations, or efforts can be 

made to explain why certain expectations are unrealistic and why current methods are best 

suited to the contemporary context. A compromise is likely to be the most effective solution. 

Using the example of fenced rhino reserves, it is not feasible to take down all fencing, 

especially in areas of high human-wildlife conflict. However, other solutions could be 

explored including fencing small areas of intense conflict, such as settlements, or using 

fences which allow the passage of other species (Woodroffe et al. 2014). 

6.4.3 Management interventions 

Conservation projects can have different aims and the desired endpoint should affect the 

methods employed. Therefore, the differences in perceptions of particular interventions 

amongst the respondents is important. For example, if preventing extinction of rhinos is 

considered to be more important than preserving a population which is considered wild or 

one which fulfils its ecological role then more management interventions can be employed to 

increase the numbers in that population. On the other hand, if the wildness of a particular 

population is considered of paramount importance, then there are fewer available actions. 
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Cluster 1, ‘Monitoring’, and cluster 2, ‘Water Supply’, were considered to impact wildness 

very little (Figure 3). This is interesting because man-made water points have been shown to 

significantly change the distribution of herbivores in a landscape, even when natural water is 

available (Smit et al., 2007). These changes will have cascading effects through the trophic 

levels of the landscape and this human activity has a profound effect on an ecosystem. 

Cluster 3 was not significantly supported, but these three interventions and those in cluster 4 

either require close contact with animals or visible infrastructure and are considered to reduce 

the wildness of these populations to a greater extent. It may be that what is considered to 

reduce wildness often does not depend on the effect on the ecosystem but rather on how 

noticeable it is to humans. There were a range of reasons put forward in respondents’ 

comments for why they considered interventions differently. One of the most important was a 

sense that certain interventions may be considered to reduce wildness because they impact 

upon behaviour and affect natural selection (Quote 6). 

The responses to this survey suggest that, in the case of rhinos, both groups consider 

maintaining wildness as less important than preventing extinction. This suggests that both 

conservation professionals and the conservation-supporting public may accept more intensive 

management, contingent on it reducing the chances of extinction. There is a trade-off 

between increases in species-focused intensive management and landscape- or ecosystem-

focused conservation (Simberloff 1998). The responses to this question do not imply that 

respondents consider wildness as unimportant, just that the avoidance of extinction is 

considered by many to be the fundamental aim of conservation.  

6.4.4 OPA 

Professionals’ comments revealed a range of opinions regarding the OPA. Whilst some 

thought that it had great potential, this was contingent on its implementation (Quote 7). In 

contrast, others were less convinced that expertise contained within the ex situ community 

would be useful in situ (Quote 8). There is certainly still a divide between the in situ and ex 

situ communities which often prevents them working together effectively (Quote 9) 

(Braverman 2015).  

Despite ongoing efforts to dissociate conservation from ideas of wildness and wilderness 

(Cronon 1996; Lorimer 2015) this work suggests that the importance people place on 

wildness is still crucial to how people think conservation should be carried out.  It may be 

that increases in intensiveness of management which may be a stumbling block for the OPA, 
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but not the growing role of zoos. Again, this may be at least partly down to the fact that the 

OPA is inherently a single-species approach and may prioritise these species over ecosystem 

approaches. Some respondents outlined a hierarchy of aims where maintaining intact 

ecosystems is ideal and heavy management is the least preferable but may sometimes be 

necessary (Quote 10). 

6.5 Conclusion 

The practice of conservation is almost always time-pressured, as people tackle immediate 

threats to avoid imminent extinctions. There is often little time to take a step back and assess 

whether methods align with fundamental aims. This study has contributed to addressing this 

deficit in the case of large herbivores by testing the perceptions of both conservation 

professionals and members of the conservation-supporting public. The results show that there 

are serious dissonances between the beliefs of people who support and carry out conservation 

and changes in its practice.Firstly, there is a mismatch between the relative funding 

contributions which people expect different groups to be making and the real distribution of 

the financial burden. Secondly, conservation professionals and conservation-supporting 

members of the public differ in expectations, particularly with regard to the importance of 

ecological function. This is largely a matter of education and leads to the conclusion that 

there is much work to do in education and outreach in the mainstreaming of conservation and 

its methods. Education, aimed at both young people and adults, can deliver strong positive 

outcomes for conservation (Moss et al. 2017; Ardoin et al. 2020). This work suggests that if 

these programmes do not cover basic ecological theory, then it may lead to future problems 

for conservation as key supporters may not understand why certain methods and interventions 

are best suited to the contemporary context. Finally, and arguably most fundamentally, there 

is discord between attempts to disconnect conservation from notions of wildness and the 

importance that it still has in mediating perceptions of the field.  

Dissonances between expectations and real-world practice can be addressed by trying to 

change either one to match the other, or by reaching a compromise. The solutions will vary 

between species and areas which face various combinations of threats. Future work should 

explore why people consider wildness to be important or not in conservation and what their 

ideal modes of conservation would be given time and funding constraints. Ongoing social 

science research in this area, coupled with ecological and biological research into the effects 

that changing practices would have on biodiversity and populations of threatened species, 

could inform efforts to align expectations and practices.  
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There were limitations to this study. The sample size is relatively small and, whilst efforts 

were made to contact professionals who work around the world, it is likely that professional 

respondents predominantly came from the Western world. The recruitment of members of the 

conservation-supporting public primarily through a zoo mailing list means that certain groups 

important to conservation may not be represented, including those heavily concerned with 

animal welfare and opposed to zoos. There is also no guarantee that people from the UK 

share the same opinions as those from other countries. Future research should try to increase 

representation in these areas to get a more complete picture of attitudes. Ensuring respondents 

also provide demographic information would allow patterns within these groups to be 

investigated, including whether factors such as age affect expectations. It may be that 

concerns over ‘wildness’ become less important over time if younger people are less 

concerned with it. 

Despite the work being done to deconstruct the human-nature binary and set new goals for 

conservation which do not depend on wildness (Lorimer 2015) this study has shown that the 

importance of wildness in conservation is not only contested amongst academics (Nelson & 

Callicott 2008), but also amongst people who carry out and support conservation. Braverman 

(2015) has suggested that whilst biologists who carry out conservation conceive of nature and 

humans as two separate entities, in practice they adopt whatever methods can stave off 

extinction on a case-by-case basis regardless of whether it breaches this divide. This study 

supports the suggestion that there is a dissonance between aims and methods within 

conservation, and advises that it is the increasing level of intervention within in situ contexts, 

and not the larger role of international organisations such as zoos, which may cause 

objections to the OPA and similar frameworks. 
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Abstract 

Ideas of wilderness and wildness were fundamental to the foundation of conservation, and the 

field often uses historical baselines as aims for what a particular area should look like. 

Mounting evidence for long histories of human impacts in places previously considered to be 

pristine, and the impossibility of replicating historical states, mean that the field needs to find 

new ways to set priorities and decide upon aims. Doing away with appeals to an eternal or 

external Nature may be desirable, but there is a danger that doing so makes conservation 

vulnerable to being used as a tool to further capitalist interests. There are a range of examples 

where expectations of nature are being shaped by world-building projects that construct 

virtual and physical hyperreal simulacra. These hyperrealities can be stimulating but could 

cause problems if they shape expectations of nature and, in turn, real natural spaces are 

shaped according to these expectations. Conservation is arguably already being drawn into 

supporting the creation of hyperreal nature that meets the expectations of people that have 

experienced these brilliant simulacra. This leaves it vulnerable to being shaped by the 

interests of the wealthy and powerful, which would marginalise many humans and non-

humans. I offer solutions to this, and ways that conservation can engage with people and 

species that may otherwise be excluded. Using history as a guide rather than a goal, focusing 

on wild and autonomous life rather than wilderness and valuing uncommodified interspecies 

interactions will all contribute to a process of conservation that is truly inclusive.   

7.1 Introduction 

In a world where global biodiversity is in rapid decline (IPBES 2019; WWF 2020) with 

mounting evidence that we are entering a sixth mass extinction (Ceballos et al. 2017), halting 

these losses is hindered by conflict over how best to do it (Madden & McQuinn 2014). There 

are different approaches to decide what to save (Myers et al. 2000; Moreira-Muñoz 2005; 

Bottrill et al. 2009; Parr et al. 2009), how to save it (Hutton et al. 2005), what is valuable 

(Cronon 1996; McCauley 2006; Nelson & Callicott 2008; Tallis et al. 2008; Watson et al. 

2016) and even what nature is and whether it exists outside of societal construction (Latour 

1993; McKibben 2006; Morton 2007; Lorimer 2015; Malm 2018).  

Debates over the existence of a nature which is distinct and separate from society and humans 

is partly driven by the observation that human influence is now pervasive on Earth, changing 

global biotic and abiotic processes. This has led to proposals that we are now in a new 

human-dominated geological epoch called the Anthropocene, with proposed start dates 

ranging from European colonisation of the Americas to the peak of the age of nuclear testing 
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in 1964 (Lewis & Maslin 2015). Regardless of the exact time chosen, recognisable human 

impacts on the natural world stretch back to the Pleistocene extinctions of megafauna (Braje 

& Erlandson 2013). There is now arguably no ‘human-free nature’, even in places which we 

previously thought it would be impossible for us to change. Climate change is causing rapid 

environmental change in the polar regions (Rowland et al. 2010; Lee et al. 2017), 

microplastics are being ingested by deep-water organisms (Taylor et al. 2016b) and 

defaunation is pervasive (Dirzo et al. 2014).  

Species conservation is one of the main tools that is used to try and prevent extinctions. This 

type of conservation often relies on assumptions of the separation of humans and nature in its 

practice, including decisions where species should be conserved. For example, the question 

of where a species should be is often defined by default as within its ‘native range’. However, 

the use of this concept is being debated in light of environmental change and human-

mediated species movement (Pereyra 2020). In this context, species conservation must find 

new ways to define its aims as concepts which have underpinned its practice become less 

reliable. Species-focused conservation makes up a significant proportion of all conservation 

work and has succeeded in moving a number of species away from extinction (Hoffmann et 

al. 2010). Despite this, suggestions that is should be superseded by landscape-level 

conservation have been made for a long time, with it argued that the sheer number of species, 

many of which are unknown, make species-by-species work too slow (Franklin 1993). The 

concepts of umbrella species (Runge et al. 2019) and flagship species (McGowan et al. 2020) 

have been developed to try and justify how species conservation can be used to protect other 

species and wider ecosystems and landscapes. But in a rapidly changing world, the role of 

species conservation must continue to adapt (Chapter 5). 

7.2 Aims of conservation 

7.2.1 Baselines and wilderness 

Humans are the underlying cause of almost all the environmental problems that we face. 

Therefore, when setting aims for conservation, it is natural to look to the state of an 

ecosystem before human presence when setting targets. As humans are the root cause of 

much environmental degradation, the protection of wilderness and places free from human 

influence has been considered as a way to tackle declines of biodiversity. This approach has 

deep roots in the field (Adams 1913; Leopold 1941) and pre-human baselines continue to 

hold sway into the 21st century (Block et al. 2001; Nogué et al. 2017). The ultimate goal of 

species conservation in this scenario is to protect target species in communities and 
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ecosystems which resemble those which were present before humans affected the natural 

world.  

Despite this, the use of pre-human baselines in conservation is increasingly challenged. 

Firstly, historical ecology is building evidence to suggest that many areas which were 

previously considered to be ‘pristine’ have actually been fundamentally altered by humans. 

This is most notable in areas which were colonised by Europeans. Ecologists often use the 

date of Western settlement as a baseline (Foster 2000). Early colonists viewed the places they 

‘discovered’ as areas of raw, untamed nature (Nash & Miller 2014). In reality, the people 

who had inhabited these ecosystems for generations had often altered them in profound ways. 

For example, the Amazon rainforest was considered to be a primordial forest which had been 

minimally impacted by small, dispersed groups of humans. However, there is evidence of 

widespread transformation of ecosystems which significantly impacted the composition and 

distribution of biological communities (Heckenberger et al. 2007). The idea of the Amazon as 

a pristine wilderness untouched by humans is increasingly questioned (Clement et al. 2015). 

Large areas of North America were inhabited and managed by Native Americans, with 

ecosystems changed and wildlife displaced before 1492 (Bjorkman & Vellend 2010). The 

myth of North America being empty of people was encouraged because settlers moved west 

in the wake of diseases which killed off whole communities (Denevan 1992). In Australia, 

Aboriginal communities altered the ecology of the continent using both fire (Head 1994) and 

hunting (Johnson & Wroe 2003) for thousands of years.  

Secondly, replicating historical states may now be impossible in some cases. Some biotic 

changes, such as extinction and invasion, and some abiotic changes, such as climate change, 

will be irreversible (Hobbs et al. 2009). In the UK, it would be at least prohibitively 

expensive and at most completely impossible to eradicate Japanese knotweed (Reynoutria 

japonica), grey squirrels (Sciurus carolinensis) and signal crayfish (Pacifastacus 

leniusculus). Ecologically restored areas of the UK would still contain these species, which 

were introduced by humans in 1825 (Conolly 1977), the 1870s (Shorten & Elton 1951) and 

the 1970s (Guan & Wiles 1997) respectively, and would therefore be different to a pre-

human UK landscape. Furthermore, modelling has suggested that alpine and montane heath 

communities are the most sensitive to climate change in the UK (Berry et al. 2002). If the 

climate changes to an extent where the species which exist in these habitats, such as the 

mountain ringlet butterfly (Erebia epiphron), are extirpated, then again no amount of 
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restoration will return these ecosystems to a pre-human state. Species conservation therefore 

cannot rely solely on pre-human native ranges and communities to set targets.  

7.2.2 The end of Nature? 

Moving away from historical baselines and pre-human ecosystems as targets suggests 

moving away from the idea of ‘Nature’ with a capital N (Morton 2007). This Nature is 

conceived as pure, timeless, eternal and separate from Society. Any entry of people into this 

Nature devalues it (Lorimer 2012). The view of nature and society as separate entities stems 

from Cartesian philosophy, which posited a substance dualism between mind and body, 

where they are made of completely different substances (Descartes 1641).  

Romanticism is often cited as being foundational in the translation of this distinction from 

mind/body to nature/society within Western thought and environmentalism (Bate 2013). For 

the Romantic poets, Nature was associated with the ‘sublime’, which was the treatment for 

personal troubles and pains caused by an industrial society but was also vulnerable to being 

destroyed by industrialisation (Hitt 1999). This Nature/Society binary has manifested in 

several ways in conservation. The reification of wilderness, peopleless landscapes where 

Nature exists free and wild, has been one of the cornerstones of Western conservation 

thought, especially in North America (Sandlos 2013; Nash & Miller 2014). It has also been 

blamed for giving rise to many of the negative and damaging aspects of conservation. 

Protected areas have been used as tools to remove people from the land, in order to prevent 

the alteration and pollution of the Nature they contain (Rangarajan & Shahabuddin 2006). 

This ‘fortress conservation’ conceives of Nature as requiring protection by keeping it separate 

from people (Hutton et al. 2005), sometimes using violence to do so (Büscher 2018). This 

binary has also led to the implicit and explicit prioritisation of in situ conservation over ex 

situ efforts (CBD 1992) as aspects of Nature, plant or animal bodies, have more value if they 

are within a pristine wilderness. Without a pristine and timeless Nature, and acknowledging 

the dynamism of ecology over time, the distinction between in situ and ex situ conservation 

becomes blurry (Braverman 2015).  

In theory 

It has been proposed that invoking a sacred Nature, or as Latour calls it, ‘mononaturalism’, 

has the sole purpose of bypassing political discussion about what our landscapes should be 

and what we find important in natural places (Latour 2004). In fact, it has been posited that 

the concept of Nature has been counterproductive in the fields of environmentalism and 
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conservation. Timothy Morton, in Ecology without Nature, argues that ‘Strange as it may 

sound, the idea of nature is getting in the way of properly ecological forms of culture, 

philosophy, politics and art’ (Morton 2007, p. 1). It is not that society can and should 

completely dominate nature, but rather that reifying nature is preventing us effectively living 

with other species. These new materialists propose a hybridist philosophy which breaks down 

the nature/society binary in environmentalism and replaces it with substance 

monism/property monism (Latour 2004). This means that society and nature are both made of 

the same stuff and are ultimately no different in their properties, they are one and the same. 

Other theorists such as Andreas Malm propose historical materialism and a substance 

monism/property dualism philosophy to replace Cartesianism (Malm 2018). Substance 

monism means that nature and society are made of the same stuff, which Malm (2018) states 

must be true as they interact, but society has emergent properties which make it unlike 

anything else seen in nature. Either way, environmental and conservation theory is moving 

away from substance dualism.   

In practice 

The practice of conservation is also moving away from Nature when setting targets and 

making plans. Instead of relying on historical baselines and pre-human states as targets, new 

frameworks for measuring success and setting aims which do not rely on appeals to a state of 

Nature have been suggested. Some restoration projects, such as Wicken Fen in 

Cambridgeshire UK, have done away with baselines almost all together and have taken an 

‘open-ended’ approach. They have set their restoration goals in terms of promoting natural 

processes and ecosystem services, and do not have a defined vision of what the landscape 

should look like (Hughes et al. 2011). Rewilding, under its many guises, suggests a 

functionalist approach, where the focus is on restoring natural processes, rather than a 

compositionalist approach, where there is an aim for what species the landscape should 

contain (Callicott et al. 1999; Lorimer et al. 2015). In this vein, other people have suggested 

moving towards ‘futuristic restoration’ where it is acknowledged that multiple ecological 

trajectories are possible and goals are dynamic (Choi 2004). There are a range of names for 

similar approaches, including the ‘dynamic reference concept’ (Hiers et al. 2012) and 

‘Anthropocene baselines’ (Kopf et al. 2015). Regardless of the nomenclature, decisions about 

when novel species assemblages and ecological states are desirable cannot solely be made 

with biological and ecological science. When many natures are possible, in the form of 
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different historical or novel species assemblages or ecosystem states, these alternatives must 

be evaluated in their social context (Backstrom et al. 2018).  

Here, I outline how, without a Nature to appeal to, conservation is in danger of being co-

opted by capitalist and corporate interests (Soulé 1995) and going in a direction which may 

not be best for many humans and non-humans. Species-focused research and conservation 

must find their place in contemporary conservation, and also avoid becoming tools of 

corporate interests. Caution must be taken not to replace concepts with different words which 

come with similar problems. In his famous critique of wilderness, William Cronon cautions 

against replacing it with ‘biological diversity’ which may invoke many of the same sacred 

values (Cronon 1996). I do not therefore propose a replacement for Nature, or how we can 

discover or reveal the Nature which should be present in a place. Rather, I show how species 

conservation and other fields can be vital ways of ensuring that the interests of non-humans 

are represented in conservation, and corporate interests which would bend conservation to 

their will are resisted. 

7.3 Conservation as a tool of capitalist interests 

When assessing the issues arising with the end of Nature during his tenure as Chief Scientist 

of The Nature Conservancy, Peter Kareiva and his colleagues conceived of a methodology of 

conservation which has since been termed ‘new conservation’. The manifesto of new 

conservation is aimed at solving the same problems outlined here. Namely, what replaces a 

reified Nature in conservation following the recognition that it does not exist outside of 

human construction and has also been used to erase the history of Indigenous people (Kareiva 

et al. 2011)? In light of the ‘protected area paradox’, where species and biodiversity continue 

to decline despite the growth in the world’s protected area estate (Kerley et al. 2020), the 

creation of protected areas and wilderness areas can only be one aspect of the wider goals of 

conservation. New conservation states that the field must work outside of these places in 

human-modified landscapes and consider human progress and poverty alleviation (Kareiva et 

al. 2011). It focuses on emphasising the benefits which nature has for people, on partnerships 

with corporations to raise money for conservation in places where it would otherwise not take 

place, and on working with development and resource extraction rather than trying to prevent 

it.   

Finding new sources of money for conservation and expanding focus to areas where it has not 

historically been active are laudable. However new conservation was fiercely criticised by 
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Soulé (2013) who accused it of suggesting that nature conservation stop protecting nature for 

its own sake and instead frame it in entirely anthropocentric terms. Whilst protecting nature 

for its own sake and working with human interests can go hand in hand, where new 

conservation falls down is its emphasis on working with corporate partners who bear the 

much of the responsibility for environmental degradation. Members of TNC’s board have 

been affiliated with Goldman Sachs & Co., Google Capital Group Companies, General 

Atlantic, Alibaba Group, Eagle River Inc., Meritage Capital, Blackstone Group, Applied 

Materials, Duke Energy, The Bridgespan Group, Inc., AP Capital Holdings Inc. and Hewlett 

Packard (Soulé 2013) and they are directly partnered with BP and Rio Tinto (Kareiva 2014). 

In working with TNC, these companies gain environmental legitimacy which can promote 

their products and, when not backed up with action, is criticised as ‘greenwashing’ (Delmas 

& Burbano 2011). There is also no strong evidence that this top-down strategy will be able to 

protect significant amounts of biodiversity (Soulé 2013). However, allowing oil companies 

and other corporations which pollute and destroy ecosystems to have this influence in 

conservation can have a much more insidious impact, by giving them licence to shape 

perceptions of what nature should look like and what it is worth saving. Using concepts from 

Marx, Debord, Foucault and Baudrillard I show how representations of nature can come to 

shape natural spaces, and potentially undermine conservation.  

7.3.1 Commodity fetishism 

Biodiversity conservation is now thoroughly intertwined with capitalism and is implicated in 

its expansion (Igoe 2010) to the point where it is being financialised and can be seen as a new 

method of ‘primitive accumulation’ (Kay 2018). Primitive accumulation is the process where 

precapitalist modes of production are subsumed by capitalism and transformed into capitalist 

modes of production. Instead of the prediction that the environmental crisis would lead to a 

general weakening and loss of faith in capitalism (O’Connor 1988), it has instead become a 

new interface for the accumulation of capital (Sullivan 2013) which has allowed the market 

to subsume natural capital so that it has become convertible and can join innumerable other 

things in the great virtual marketplace of exchange (Garland 2008). This process has been 

termed ‘accumulation by conservation’ (Büscher & Fletcher 2015). 

Commodity fetishism refers to the hiding of the social relations which underlie the 

production of a commodity (Marx 1867). A commodity is defined as anything which can be 

exchanged for something of equal, or nearly equal, value. When a commodity is exchanged 

in a marketplace, the commodity if fetishized if the consumer does not see the social relations 
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of its production, and instead the properties of the commodity are naturalised. They are seen 

as inherent to the thing itself and eternal, and not a product of the particular social and 

historical context in which they were produced (Marx 1867). 

Fetishised nature 

This concept is relevant to the production of protected areas and other ‘natural’ spaces, where 

the processes which have produced them are hidden. The idea of an area as a ‘wilderness’ can 

very conveniently hide the fact that people did once live there and were removed against their 

will. Displacement of indigenous and other peoples has occurred regularly in the history of 

conservation (Agrawal & Redford 2009). National parks in the USA are often thought of as 

wilderness, but this masks the colonial and often violent history which created them (Spence 

1999) and the ongoing relationships between Native Americans and these landscapes (Craig 

et al. 2012). John Muir, who was a foundational figure in American national parks and ideas 

of wilderness, supported the removal of Miwok Indians from Yosemite (Fleck 1978). These 

national parks become a commodity when people pay to enter them, or spend money in 

associated hotels, restaurants and gift shops and fetishized when part of their attraction is 

their status as ‘wilderness’.  

Safaris are an excellent example of a fetishized commodity (Norton 1996). Successful 

community-based enterprises which are often associated with safari reserves erase the 

histories of violent removal of people and their exclusion from the natural resources which 

they used to rely on (Igoe & Croucher 2007). As well as violent histories, contemporary 

labour which maintains ‘natural’ places is also hidden from people who pay to enter them. 

Tourists on a rhino reserve are being sold a fetishized commodity which requires a huge 

amount of labour to maintain. But this is almost completely hidden from their gaze, not 

accidentally or by convenience but rather to maintain the perception that the gazers have 

somehow been transported back to a pre-human wilderness which they have paid for the right 

to enter. The reality is rather different. Rangers walk the land every day and they carry radios 

to relay updates back to control rooms and are tracked by GPS. Electric fences dictate where 

animals can and cannot go and are patrolled and maintained. Guns, camouflage, boots, 

pickup trucks, helicopters, dogs, listening devices and infrared cameras are all used to deter, 

detect and catch poachers. Vets sedate the animals and notch their ears so they can be 

identified or treat their injuries and illnesses. Water holes are lit with floodlights so the 

animals who come to drink in the dark can be observed, with electricity from a nearby 

generator. Administration offices conduct fundraising both at home and abroad which helps 
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pay for everything. After all this, a tourist sits at a table taken out of a game-viewing car at 

sunset and comments to their family how nice it is to be in the ‘wilderness’. 

This is not to say that protected areas, safari reserves and wilderness areas do not protect 

biodiversity. But they are fetishised commodities, and their status as nature or wilderness is 

leveraged for profit while the processes which allow this profit to be made are hidden from 

view. 

7.3.2 The Spectacle 

Debord’s The Society of the Spectacle (1967) updated Marx’s concept of commodity 

fetishism for the age of film, advertising and television. The first thesis of the book states: 

In societies where modern conditions of production prevail, all of life presents itself as 

an immense accumulation of spectacles. Everything that was directly lived has moved 

away into representation. (Debord, 1967, p. 10) 

Debord argued that the world of commodities has been absorbed into a spectacular empire of 

images, which further removes commodities from the nature of their production and hides 

any notion of the social, political and natural relationships which produced them. As screens 

have become ubiquitous, capitalism has used the images they constantly beam at us to 

commodify every part of reality, including basic social interactions on Facebook and 

Instagram. Instead of the media being a service to the public, the idea of which Debord 

criticises for being neutral, the spectacle is an instrument of distraction and pacification 

(Debord 1988). The forth thesis of the book is: 

The Spectacle is not a collection of images, but a social relation among people, 

mediated by images. (Debord, 1967, p. 10) 

Instead of images representing and following the social, images precede the social. Social 

interactions are moulded and controlled by advertisements, films, television, social media and 

a plethora of other media formats. Debord argues that once capitalism had served our basic 

needs, it must invent new desires in order to keep growing and uses the spectacle to persuade 

people to aspire to own or experience these things (Debord 1988). The process of using the 

spectacle to bring things previously outside of capitalist modes of production into the market 

is known as ‘spectacular accumulation’. 
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Nature as spectacle 

Nature has been drawn into Debord’s ‘spectacular empire of images’. Igoe (2010) expands 

Debord (1967)’s definition of the spectacle as ‘the mediation of relationships between people 

by images’ to ‘include the mediation of relationships between people and the environment by 

images’. The spectacle is used by companies to sell holidays, trips and nature-based 

experiences but conservation NGOs also utilise it, albeit not to make profit (Igoe 2010). 

Impressive photographs, films and media campaigns are used to tell people about urgent 

problems in need of solutions which NGOs claim to be able to solve. These campaigns have 

been labelled as a ‘conservationist mode of production’, and fundamentally connect 

conservation with global capitalism by adding value to natural capital ‘through various 

mediations and ultimately transforms it into a capital of a more convertible and globally 

ramifying kind’ (Garland 2008).  

7.3.3 Hyperreality 

Jean Baudrillard introduced the concept of hyperreality in his book ‘Simulacra and 

Simulation’. 

Simulation is no longer that of a territory, a referential being, or a substance. It is the 

generation by models of a real without origin or reality: a hyperreal. (Baudrillard, 1981, 

p1) 

Hyperreality is a further extension of the process of abstraction described by Marx and 

Debord. Baudrillard believed the completion of this is a state of abstraction beyond the 

spectacle. Baudrillard (1994) describes three orders of simulation: 

1st order – The representation of the real is obviously just that, including maps and paintings 

2nd order – Simulations become so detailed that the boundaries between representations and 

reality start to blur. Baudrillard cites Jorge Luis Borges’ fable where cartographers draw up a 

map so detailed that it ends up covering the territory of the Empire which they live in exactly. 

In this situation, an obsession with the accuracy of a simulation makes distinguishing it from 

the reality it is based on almost impossibly difficult and makes the map itself of little use. 

3rd order – ‘The generation by models of real without origin or reality’. Here, the model 

comes before reality. There is no longer a blurring of the two, the distinction becomes 

completely irrelevant. There is not model and reality, just a hyperreality. 
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The spectacular empire of images is abolished as the thing which was originally represented, 

in this case nature, is completely erased by images. The object itself disappears and is 

overtaken by cycles of semiotic exchange which make no reference to the original 

(Baudrillard 1994). The representations of the object become the reality, as they are based on 

previous representations in a continuous cycle. These simulations therefore become 

simulacra, simulations which are not based on reality. A state of hyperreality emerges where 

reality is replaced by technology and self-referential signs. One of the important examples 

which Baudrillard uses is that of Disneyland:  

Disneyland is presented as imaginary in order to make us believe that the rest is real, 

whereas all of LA and the America that surrounds it are no longer real, but belong to 

the hyperreal order and the order of the simulation. (Baudrillard, 1981, p12)  

Debord used the spectacle to reveal the methods which governments use to maintain 

everyone else in a state of disempowerment. Therefore, there is inherently a critique of it as 

being a false representation of reality and a tool of oppression. The important and disturbing 

differential with hyperreality is that it doesn’t exist in the realm of good and evil: 

It no longer needs to be rational, because it no longer measures itself against either an 

ideal or negative instance. (Baudrillard, 1981, p2) 

If the distinction between reality and representation is no longer relevant, then there can be no 

false representations of reality. The hyperreal is only measured in terms of its performativity. 

If nature is drawn into the production of hyperreality, it will cause real problems for 

conservation. When natural spaces are fetishised, or drawn into spectacle, they become 

implicated in the expansion of capitalism. The system of capitalism, and neo-liberalism in 

particular, are considered by some to be the root cause of environmental degradation (Olivier 

2005; Girdner & Siddiqui 2008). However, on a local scale, the money which these capitalist 

processes bring into conservation can be extremely beneficial for biodiversity and the 

prevention of extinction. Ecotourism, trophy hunting, and the sale of live animals and game 

meat support wildlife ranches in South Africa which cover 170,419km2 and protect a large 

diversity and abundance of mammals (Taylor et al. 2016a). However, when nature is drawn 

into hyperreality, there is no reference for what nature ‘should’ be, what species should be 

present in what communities, as described by Ursula Heise in Braverman (2015): 
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‘Along with historicity and authenticity, nature has disappeared behind or beneath 

layers of representation and simulation too thick to allow for any direct grasp of the 

real’ (Braverman, 2015, p. 43) 

Perceptions of what nature should be are then in danger of being influenced and altered by 

powerful interests. There is no real representation to compare the result to, instead the 

ecosystem is judged on its performativity, which can easily be framed as its utility for people 

and capital.  

7.4 Hyperreality and nature  

In his book ‘Ecology without Nature’ Timothy Morton analyses ‘ecomimesis’, roughly 

translated as ‘nature writing’. He argues that the modern nature writing is a ‘rendering’ of 

nature, rather than just a copy. It represents single, unified nature which never existed, but in 

the rendering and the formulation of a consistent atmosphere it feels real (Morton 2007). In 

doing this, it creates an image of Nature which did not exist and can actually be 

counterproductive for conservation. 

Nature writing partly militates against ecology rather than for it. By setting up nature as 

an object “over there” – a pristine wilderness beyond all trace of human contact – it re-

establishes the very separation it seeks to abolish. (Morton, 2007, p. 125) 

Technological advancements have made representations of nature more sophisticated, and it 

is no longer just writing which creates a ‘rendering’ of nature, but media across a range of 

technologies. These representations feel real, and as such they shape our perceptions of what 

nature is.  

Taken together, technologies and representations of nature, labelled as ‘the colonisation of 

the imagination’ (Cypher & Higgs 1997), form powerful world-building projects and 

construct hyperreal versions of nature. These feature the three characteristics of hyperreality 

stated by Borgmann (1993): 

1. Brilliant. It includes all senses entirely and there is an absence of unwanted stimuli. A 

truly brilliant hyperreality hides the machinery and processes which make it possible  

2. Rich. They can include more, or more dramatic versions, of the things which make 

them appealing.  

3. Pliable. Entirely subject to manipulation according to the desires of the designers. 
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Glamour is a collective term for these three things. The versions of nature constructed in 

writing, digitally in documentaries or games, or in attractions such as theme parks or zoos are 

glamourous. These representations set expectations for what we will experience when we 

enter a natural space. The methods by which our expectations of nature are shaped take 

several forms.  

7.4.1 Digital Media 

Nature photography and documentaries 

Photography and cinema contributed in large part to the secularisation of history, to 

fixing it in its visible ‘objective’ form at the expense of the myths that once traversed it. 

(Baudrillard, 1981, p.48) 

After seeing a film of a prominent historical event, it becomes difficult to separate 

perceptions of that event from the way it was visually presented. The imaginings of modern 

people of the D-day landings during World War II will often be shaped by the way it is 

presented in Saving Private Ryan (Bodnar 2001), which also promoted American 

triumphalism (Auster 2002). In the same way that cinema and photography have ‘fixed’ 

certain views of history by making it visible in this way, nature photography and 

documentaries also make visible certain aspects of nature. They are an often cited expression 

of Debord’s spectacle in the field of conservation and the environment (Scott 2003).  

Nature documentaries are part of the electronic media (Pergams & Zaradic 2006; Fletcher 

2017) which are hypothesised to contribute to nature deficit disorder, where people are 

becoming disconnected from nature and all the benefits it provides (Turner et al. 2004; 

Pergams & Zaradic 2006). It is hypothesised that seeing nature through a screen in this way 

does not connect people to it as effectively as in-person experiences (Louv 2008). There are 

two main ways which this contributes to creating hyperreal representations of nature. The 

first is that nature documentaries often present an impossibly exciting spectacle of nature: 

There is a tendency to drift toward the pornographic in these evocations – we are 

presented with an improbable feast of expansive and unpopulated locations inhabited 

by exotic animals, which are forever fighting, fucking, eating, migrating, dying for their 

impatient channel-surfing audiences … Such images prevent citizens from establishing 

true and authentic relations with local, mundane wildlife (Lorimer, 2015, p132)  

Nature documentaries are more rich than real-world nature in the terminology of Borgmann. 

If you can see the most exciting things that nature has to offer on your screen, then what is 
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just outside your door can seem interminably boring. Nature is therefore not in your garden, 

but somewhere exotic (Barton 2012), can cause people to devalue their emotional experience 

of local nature areas and can decrease support for them (Levi & Kocher 1999). Whether 

nature documentaries contribute to the ‘extinction of experience’ is debated (Lorimer 2015). 

Experiments have shown that watching nature documentaries alone does not elicit an increase 

in connectedness to nature but does increase donations to environmental protection 

organisations in people who already have a strong sense of connectedness (Arendt & Matthes 

2016). Blue Planet II, which is commonly cited as being crucial for raising the profile of 

plastic pollution around the world, was found to have significantly positively influence 

viewers’ environmental knowledge but did not lead to behavioural change in plastic usage 

(Dunn et al. 2020).   

A second way that nature documentaries can damage conservation is the provision of the 

false idea that nature is doing fine, somewhere ‘out there’ in these exotic places. These 

programmes almost always present an idealised picture of the natural world, free of 

interference from humans who can even be characterised as intruders (Jones et al. 2019). The 

portrayal of huge swathes of ecosystems with no sign of humans, or ‘ecodomain’ (Nugent 

1995) suggests that somewhere a ‘pristine nature’ exists (Igoe 2010), which is a simulacrum 

of the actual ecosystems featured. In this way, the wildlife films become a way of packaging 

these hyperreal ecosystems as fetishised commodities. Customers pay for streaming services 

or watch adverts, and do not see the complex contexts of these places, whether that be 

colonial histories, the presence of humans or the threats to the very existence of these places. 

These things are hidden to make these documentaries more attractive to potential customers, 

who see a simulacra of nature and can think it is an accurate representation of the real thing. 

It is not only nature documentaries which are included in this, but all wildlife film-making 

and photography, including that used in campaigns by NGOs (Igoe 2010). The photographs 

utilised in environmental campaigns fetishise both the humans and non-humans of target 

ecosystems in developing countries (Foale & Macintyre 2018).  

The reality of wildlife film-making poked through the façade in 2011, when a semi-scandal 

accompanied the news that a sequence of newborn polar bear cubs and their mother in a den 

from the BBC series Frozen Planet was filmed, not in the Arctic, but in a Dutch animal park 

(BBC 2011). This is, and always has been, standard practice for natural history shows, and is 

not strictly a secret. But the industry thrives on showing unpeopled nature and tries to 
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maintain this without explicit falsehoods. Following this event there was a curious outrage as 

people somehow thought that they had been tricked (The Mirror 2011), concerned with 

documentaries’ ability to maintain the illusion of wild nature rather than wild nature itself. 

The anger was not directed at the disappearance of unpeopled nature, which continually 

reduces the opportunities for wildlife filmmaking, but rather at the fact that people had been 

able to see how the simulacrum was made.  

New media and virtual reality 

New online media, where content is co-created or ‘prosumed’ by users, labelled Web 2.0, is 

vital to the process of subsuming nature to be subsumed into market dynamics converted into 

an arena for the accumulation of capital (Fuchs 2011). When the content produced is focused 

on nature or wilderness, Nature 2.0, and Wilderness 2.0 are created (Büscher 2016; Stinson 

2017). The interactions with content allowed by social media, games and other online 

platforms allow organisations to see what aspects of nature are favoured.  

Social media analytics identify for PR departments which aspects of nature showcased in 

photographs or campaigns garner the most attention, in the form of likes and comments 

(Büscher 2016). They can then focus future efforts on these particular species or landscapes, 

reinforcing the perception of those things as nature.  

Digital games are now frequently used in conservation for education, fundraising and 

research. Successes of games such as Pokémon Go, which provided the motivation for many 

young people to get outside and explore spaces they may not otherwise frequent, could be 

adapted to connect people to real-world nature (Dorward et al. 2017). These games also have 

the potential to contribute to ‘nature deficit disorder’ by distracting people from the real 

world and undermine engagement with the nuances of conservation by promoting simplified 

narratives of problems and solutions (Sandbrook et al. 2015). These games are very pliable, 

they do not rely on capturing real-world footage like nature documentaries do, but rather can 

create entirely designed worlds. Increases in engagement with electronic media do correlate 

with decreases with national park visitation (Pergams & Zaradic 2006), and, along with 

constraints of time and transportation, have been cited by young people as a primary reason 

that they do not spend as much time in the outdoors (Barton 2012).  

Users are increasingly encouraged to engage in their own online ‘world-making’ projects, 

whether through games or other interactive interfaces (Igoe 2010). NGO or corporate 

campaigns which encourage users to interact by voting on the projects which they like 



258 

directly affect the money which is spent on certain projects, and are some of the most explicit 

examples of people’s preferences impacting the development of conservation (Büscher 

2016). National Parks in the USA are having infrastructure installed which allows for internet 

connections and mobile phone service, including metal trees which broadcast out Wi-Fi. Park 

officials strive to meet the needs and expectations of young people who use social media to 

engage with nature. They see a photo of someone in a national park, and then expect the 

infrastructure is in place for them to do post a similar photo. Outdoor recreation is being 

drawn into the political economy of the Web 2.0 (Stinson 2017).   

Virtual reality is more brilliant, in Borgmann’s terminology, than these other technologies. It 

and will only serve to make nature documentaries, games and other digital recreations of 

nature more immersive and able to create more persuading simulacra of nature. The health 

benefits of virtual nature are quite well established and it is likely that these will only increase 

as technology improves (White et al. 2018). If virtual nature can provide many of the 

advantages which being in real nature can for humans, then from an anthropocentric point of 

view it is potentially of great benefit. However, whilst it can potentially bring people closer to 

nature it cannot bring nature closer to people. If we can give people the benefits of nature 

without the nature, and the value of nature is purely defined in relation to humans, then there 

is no longer any need for the non-humans which make it up (Levi & Kocher 1999). 

7.4.2 Nature-based attractions  

Theme parks 

Theme parks are some of the most obvious examples of places which use architectural, 

artistic and aesthetic aspects to provide a themed experience which is a glamorous 

simulacrum of reality. Historical periods such as the American frontier, often termed the 

Wild West, and natural places such as the ‘Jungle’ commonly appear in theme parks.  

Since Baudrillard (1994) used Disneyland as an example in his original description of the 

concept of hyperreality, it has become further entwined in the creation of simulations of the 

natural world. In setting out his view of how ecological restoration should proceed in the 

future, Higgs (2003, p.204) uses the Disney Wilderness lodge as an example of a project 

which is achieving a ‘friendly takeover of the reality that underlies themed experience’. The 

Disney Wilderness Lodge is a hotel and resort in Orlando, Florida modelled on the lodges 

and nature of national parks in the American Northwest, an entirely different landscape and 

ecosystem. This resort attempts to recreate the ‘frontier spirit’ and presents a sanitised, 
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simple, kind, guiltless and congenial idea of wilderness. Visitors can see the natural 

attractions of American Northwest without any of the discomfort or difficulty of doing so. 

Geysers without the unpredictability, treks without the potentially dangerous animals, Native 

American art without the Native Americans (Cypher & Higgs 1997). It is a simulacrum not 

only of wilderness but also of the frontier spirit myth of the West which carefully ignores the 

stories of colonisation, conquest and genocide which allowed the original idea of the 

American wilderness to be formed (Fleck 1978; Spence 1999; Craig et al. 2012). Certain 

views of nature, its subjugation or its protection, can be important parts of the cultural 

hegemony of a country. This is the combination of values, norms, cultural activities and 

stories which make up social life, and are utilised by a dominant group to shape and direct 

society (Lears 1985). The frontier and wilderness of North America contrasts with the 

peopled ‘green and pleasant land’ of England, but both are fundamental to the conception of 

identity (Bennett 2019). 

In visiting the lodge one is not really having an experience of a simulated wilderness 

but of a simulated representation of wilderness (Higgs, 2003, p. 50) 

Many people who go to this resort may never have been to the Pacific northwest. The 

experience they have at this place will therefore become their primary reference for what 

these landscapes look like, and what ‘nature experiences’ should be. This simulacra of nature 

becomes the basis for people’s expectations of the real thing (Higgs 2003). The designers of 

such a place therefore have a large amount of control over people’s expectations of what 

nature is or should be.  

Zoos and safari parks 

It is not only corporations such as Disney which are involved in creating hyperreal 

recreations of the natural world. Places such as national parks, zoos and other nature 

attractions utilise some of the same tactics as Disney in their own versions of themed 

experience.  The extent of the influence of Disney has led to proposals of ‘The Disneyization 

of Society’ defined as the spread of principles exemplified by the Disney theme parks 

(Bryman 1999). There are four main trends: 

1. Theming. A particular business or attraction is themed around a well-known cultural 

touchstone, such as the Hard Rock Cafe 

2. Dedifferentiation of consumption. Forms of consumption which were historically 

separated becoming intertwined and impossible to distinguish. Theme parks sell 
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experiences on rollercoasters and at shows, but also contain cafes, restaurants, clothes 

shops, toy shops and a range of other ways to spend money.  

3. Merchandising. The promotion of goods which bear copyright images and logos. 

4. Emotional labour, defined as the control a work exerts over themselves to meet 

socially desired emotions during a service transaction (Hochschild 1983). Theme park 

employees are expected to behave in a friendly and helpful manner and with a 

demeanour and language which suggests that they are having fun and not engaging in 

real work.  

Modern zoos embrace all four of these themes and it has been suggested that they are 

undergoing Disneyization (Beardsworth & Bryman 2001). This is showcased by the Islands 

exhibit at Chester Zoo, the first phase of which opened in 2015. Firstly, zoos increasingly 

theme their new developments around particular geographic areas or ecosystems. Islands 

showcases Chester’s collection of species from Southeast Asia. Aside from the species in this 

area, including Sumatran orangutans (Pongo abelii), Sumatran tigers (Panthera tigris 

sumatrae), Bali starlings (Leucopsar rothschildi) and Visayan warty pigs (Sus cebifrons), the 

architecture, decoration and interpretation are all themed around the nature and cultures of 

this region. This includes buildings made of wood, bamboo and thatch along with mock river, 

field research sites and market stalls. This is all designed to give an atmosphere of the region 

and create a glamorous representation of Southeast Asia, albeit one which compresses a huge 

range of nature and culture which spans thousands of kilometres into 15 acres. Immersion 

design is utilised in many zoos, exhibits are designed to immerse visitors in the ambience 

(Morton 2007) of a particular place, including sounds, sights and smells from the place and a 

deliberate concealment of any signs of which take away from the ideas of wildness. 

Zoo exhibits are monuments for a nature that is no longer, and perhaps never was, and 

natural ecosystems are romanticised, perhaps even as a simulacrum of the zoo. 

(Braverman, 2015, p. 85) 

These exhibits do not feature the threats which face free-living populations, whether it be 

pollution, habitat loss or anything else, although they would often be a better simulation of 

the reality facing these populations if they did. In 2014, a satirical article in The Onion which 

described a zoo which was incorporating pollution and habitat degradation into its exhibit 

design caused a lot of controversy as people took it seriously (Braverman 2015). Zoo exhibits 

therefore do not represent natural places as they currently are, and probably do not represent 

these places as they have ever existed. 
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Themed zoo attractions often contain other ways to spend money, promoting 

dedifferentiation of consumption. Chester Zoo Islands has the ‘Manado Street Kitchen’. 

Manado is the capital city of the Indonesian province of North Sulawesi, and this open-air 

food court styles itself after the street food culture of Indonesia, Malaysia and other countries 

in the region. Zoos also buy into merchandising, a gift shop in the Islands exhibit sells a 

range of merchandise featuring the images of the species from the zoo’s Southeast Asian 

collection and printed with zoos logos. Finally, one of the key features of service in Disney 

theme parks is the outwardly expressed attitude of employees who engage in emotional 

labour to minimise the impression they are at work at all (Beardsworth & Bryman 2001). The 

emotional displays of zoo guides are vital to the entertainment and conservation messaging of 

zoos, and these employees are expected to present themselves in ways that are both 

entertaining and educational (Wijeratne et al. 2014). Many zoos are undergoing 

Disneyization, and increasingly resembling theme parks. There are not just similarities in 

methodologies and presentation. Disney itself is involved in the zoo industry and runs an 

American Association of Zoos and Aquariums (AZA) accredited zoo, Disney’s Animal 

Kingdom.   

7.5 The problems of hyperreal nature 

Despite the concerns over creating hyperreal representations of nature, I do not mean to 

propose that we do away with these technologies or how we can uncover or create a ‘real’ 

nature. Conservationists, and humans more generally, will always come to particular aspects 

of the natural world, a safari reserve for example, with expectations and vocabularies shaped 

by stories, myths and media which surround us. Many of these can be useful, not only for 

making nature meaningful and increasing connection to it (Born et al. 2018) but also for 

engaging historically marginalised people (Fernández‐Llamazares & Cabeza 2018). All the 

technologies and attractions described so far can have health and entertainment benefits. 

However, moving from the view as Nature from separate to people to allowing our collective 

imagination of the natural world to become dominated by hyperreal representations merely 

swaps one damaging conception for another. There are three main dangers which this 

scenario poses that conservation must be aware of: reality can be mundane and 

uncomfortable, the model before the reality and other species can be excluded from the 

hyperreal 

The following section expands on these three dangers and demonstrates how they can 

damage conservation. 
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7.5.1 Reality can be mundane and uncomfortable 

The provision of brilliant alternatives to the natural world can lead to people having a 

romantic view of ecosystems like rainforests which are quite different to their experience 

when they enter the real thing (Fletcher 2017). For those involved in biodiversity monitoring 

or other activities, it has been posited that it is roughness, struggles and slight discomfort, 

which give value to these experiences (Podjed 2008). Moving from hyperreal nature to real 

nature can be a jarring experience. 

It is typically a resentful and defeated return, resentful because reality compares so 

poorly with hyperreal glamour, defeated because reality with all its poverty inescapably 

asserts its claims on us (Borgmann, 1993, p96) 

There is evidence that people’s perceptions of nature, shaped by glamourous hyperreal nature 

cause them to expect the same from actual natural spaces.  

Park wardens are inclined to agree, noting that themed experience, whether through 

television, museums, school curriculums, or theme parks, is causing people to do 

bizarre things while traveling through parks such as Jasper [National Park, Canada]  

such as walking right up to a black bear munching berries at the side of the road; it 

disrespects the integrity of that being, and denies knowledge of its fierceness, fragility 

and wildness. (Higgs 2003, p. 55) 

Hyperreal expectations of reality are pliable and can therefore be more brilliant and richer 

than the real thing. Selecting the most spectacular aspects of nature, and adding extra 

thematic elements, means that real nature often cannot hope to match up to the satisfaction 

which hyperreal nature provides. Failing to meet people’s expectations can potentially 

undermine connection with real nature and undermine motivation to protect it (Sandbrook et 

al. 2015). 

7.5.2 The model before the reality 

Potentially more problematic is the potential for hyperreal nature to shape the aims of 

conservation. One of the aspects of Morton (2016)’s agrilogistics, the system of thought 

which has shaped human society since the invention of agriculture, is ‘The Law of 

Noncontradiction is inviolable’. In the context of evolution and ecology, this means that 

scientists have tried as much as possible to put things into sharply defined categories. Things 

must be in one or the another, they cannot be more than one thing. Species must be 

reproductively isolated and an area must be a meadow and not a heath. But ecology is rarely 
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so simple, and it is difficult to assign things into strict categories. If we try to stick to strict 

categorisations, it causes problems in conservation when an area is not sufficient to be 

assigned to category, and therefore not worthy of protection.  

There is no single, dependent, definable point at which the meadow stops being a 

meadow. So there are no meadows. They might as well be parking lots waiting to 

happen (Morton, 2016, p. 73) 

It is obviously a large jump from ‘habitats are difficult to define’ to ‘therefore that habitat 

does not exist’. However, this illustrates the danger of using strict categories as the basis of 

protection. In the face of pressures to convert land, the burden of proof is often on 

conservationists to prove that an area is worth protecting, that it falls into a particular 

category that gives it value. Any aspect of the area that doesn’t meet the standard of the 

category puts it at risk of loss of protection. The fact the categories are always based on 

human judgement to some extent makes them vulnerable to change to suit huma interests. 

These categories vary between people and over time, for example the term ‘savanna’ as a 

name for a global biome arose in the 1970s, and this terminology can be leveraged to 

encourage either conservation or destruction (Pooley 2018). Patagonian toothfish 

(Dissostichus eleginoides) was renamed Chilean seabass in the 1990s, coinciding with a huge 

increase in both legal and illegal landings of the species (Collins et al. 2010). If we change 

the word meadow for the word Nature, then it can be seen that in letting go of Nature, we 

must consider the very real chance that doing so opens the door to powerful corporate, 

neoliberal and development interests to set the agenda for what takes its place.  

“Without a Nature to protect and a Science to unequivocally define its properties and 

mark its boundaries, real world experiments risk becoming aligned with the interests of 

the powerful” and with corporate interests in particular. Along these lines, certain 

scholars have argued that any shift in ecological ideas and practices must remain 

acutely aware of the neo-liberal mind-set, which circumscribes any experiment and 

frames its outcomes. (Braverman, 2015, p. 11) 

When considering conservation, humans now have the technology and the ability to change 

almost any ecosystem on earth. Whilst the nonhuman world does shape the possible 

outcomes, it is hard to create a rainforest in a place with little rain, there will be a degree of 

control which humans have over the species present and the resulting ecosystem. This is the 

case for protectionist regimes of conservation, but is particularly acute for ecological 
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restoration, which inherently includes intention or design as part of its practice. Even those 

who enthusiastically support ecological restoration, have led its theory and practice and want 

it to succeed, acknowledge that it can potentially offer an apology for development and 

technological excess (Higgs 2003). There are probably few, if any, people who want a whole 

world of carparks. The natural world does have great value to many people. The real problem 

is that if people’s expectations of nature are shaped by hyperreal simulacra which are 

designed by powerful corporate interests, then their demands for what constitutes the 

‘correct’ or ‘enough’ nature lies with those corporations. 

Baudrillard (1994) uses a story written by Jorge Luis Borges to illustrate the process of 

hyperreality. In the story ‘On Exactitude in Science’ the cartographers of an Empire draw up 

a map so detailed that it ends up exactly covering the territory. Applying this analogy to 

simulations of nature, physical and virtual representations draw a ‘map’ of the natural world. 

But the cartographers, including documentary producers, photographers and zoo designers, 

focused on the most dramatic parts, they excluded the impacts of Indigenous peoples, and 

worked hard on those parts which were easiest to commodify and profit from. They therefore 

created a simulacrum of a nature which never existed. As the natural world is destroyed and 

degraded, people come to the map to use it as a reference for what to protect and what to 

restore, and others use it as a reference for natural spaces that they can sell to tourists. The 

natural world therefore comes to resemble the map, which is continually updated according to 

the preference of tourists or, as Lorimer (2015) describes, volunteers.  

Raised on a visual diet of natural history documentaries, volunteers explained their 

desire for visual encounters with abundant populations of large animals living in 

uninhabited spaces. The ‘fingery-eyes’ and awe-some logic of wildlife documentaries 

made wilderness paramount and human absence the currency of authenticity. (Lorimer, 

2015, p.150) 

7.5.3 Other species can be excluded from the hyperreal 

Borgmann (1993) describes why hyperreal nature, even for the benefits which it can have, it 

is not as beneficial as the real thing.  

Compare a woman jogging in the real world vs on a perfectly glamorous hyperreal 

treadmill and she sees a mountain lion. In the real world she is elated. People spend 

years in the mountains without ever seeing a lion. To see one is a rare blessing. She 

feels blessed to live in a region wide and wild enough to support mountain lions, and on 
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a continent hospitable enough for geese to nest in the North and winter in the south ... 

This is where she wants to be. If she comes to end of her run, goes to a locker room, 

showers then steps out onto the street of big city, all that was true of the real run would 

now be false. The hyperreal run would have revealed nothing about her surroundings, 

would have bestowed no blessings on her, and would not have been an occasion for her 

to affirm her world. (Borgmann, 1993, p.95)  

 

This is certainly true. However, the fatal flaw of hyperreality for conservation is not the lack 

of opportunity for this jogger to affirm her world, but rather the lack of any requirement for 

other species to feature in this scenario. Their value is completely anthropocentric and 

therefore the presence of other species, or representations thereof, are only important if they 

impress some benefit on the human observer. Conservation is fundamentally concerned with 

ensuring that non-humans can continue to live on this planet, so their interests are central to 

its future. If hyperreal simulacra of nature come to inform real-world nature, there is a 

possibility that non-human presence which has no anthropocentric value will be allowed to 

lapse into non-existence. 

7.6 Conservation and the creation hyperreal spaces 

The real danger of hyperreal nature is that simulacra, primarily designed for human benefit, 

become the basis for designing aims for the protection and restoration of real-world natural 

places. It is easy to understand why companies and corporations would do this to generate 

profit. However, more worrying is the potential for conservation to become implicated in this 

process, which it arguably already has. If this is true then the aims of conservation will be 

shaped by these simulacra, rather than the interests of non-humans  

7.6.1 Biopower and biopolitics 

Michel Foucault’s concept of biopolitics defines the theoretical basis of the mechanisms of 

governance which allow nature and wildlife to be subsumed into cycles of simulation and 

representation. Foucault proposed that premodern sovereign power, characterised by the right 

to take life or let live, was replaced by biopower with the development of eighteenth century 

capitalism, which is distinguished by the power to ‘make live and let die’ (Foucault 1976). 

Biopower is made up of two forms, anatamo-politics which focuses on disciplining 

individual bodies to make them efficient contributors to the economic system, and biopolitics. 

Biopolitics focuses on the level of the population and ‘propagation, births and mortality, the 

level of health, life expectancy and longevity’ (Foucault 1976, p.139). Foucault used the term 
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specifically to refer to the governing of human bodies but it is analogous to much of what 

conservationists are preoccupied with. There is now a growing scholarship which applies to 

concepts of biopower and biopolitics to conservation and the government of wildlife 

(Braverman 2012; Lorimer 2015). Human attitudes towards nature have shifted away from 

seeing it as a reservoir of value to extract from and a dangerous place which must be beaten 

back and tamed, both of which involve taking the life of organisms. Instead, conservation is 

part of a wider move towards biopower, and making the right types of nature live. Many 

areas are now proactively managed to encourage the right type of life to flourish, and to allow 

this to happen they are monitored and abstracted into databases, models and maps and 

simulated on screens and pages (Cromsigt et al. 2002; Holst et al. 2006; Lush et al. 2015; 

Radan et al. 2017).  

Conservation is now an inherently biopolitical project and Braverman (2015) states that the 

intensification of the management in situ is the most obvious manifestation of this, using 

techniques which were previously restricted to captive populations. The One Plan Approach 

(OPA) is just one of many approaches which are aimed explicitly at doing this. Although 

people who have been fundamental in these projects are committed to long-term plans which 

ultimately aim to remove interventions (Jones 2004, 2015; Jones & Merton 2012).  

These tools have been vital to the progress of conservation of threatened species in recent 

decades (Hoffmann et al. 2010; Jones & Merton 2012; Young et al. 2014; Wick 2017). 

However, biopolitical management of wildlife and the natural world requires decisions about 

what the ‘right’ type of life is, what species should be ‘made’ to live. The risk of abstractions 

is that people are becoming more and more separated from reality. Constructing models of 

the world and interacting with them allows for the continuing cycle of simulations to carry on 

unabated. 

I fear that we are becoming endlessly proficient with GIS, the maps, and in the process 

of becoming progressively estranged from the places to which they refer, or even 

reality itself (Higgs, 2003, p. 56) 

7.6.2 The right type of nature 

Conceptualising conservation as a biopolitical project allows an understanding of how its 

aims can be shaped by expectations formed by hyperreal nature. Biopower designates some 

individuals, populations and ecosystems as worthy of conservation than others.  



267 

The more wild, the more the species is valued in the scheme of conservation… When 

they receive the designation ‘endangered’, in situ members of certain species are 

granted political life, while others – most notably, ex situ members of the same species 

– often remain biological, or mere, life. Threatened species lists in particular present a 

primary affirmative biopolitical technology of conservation (Braverman, 2015, p. 228) 

Of particular interest here is whether species and places have been abstracted into glamorous 

hyperreality, and whether they feature in the collective imagination of nature shaped by the 

technologies and attractions described here.  

In an epoch of accelerated extinction, the future looks bleak for the vast majority of 

forms of life not blessed by charisma, adaptive enough to go feral, or productive 

enough to be domesticated (Lorimer, 2015, p.76) 

Zoos 

Zoos are now important actors in conservation. They not only shape people’s expectations of 

nature, but they have the capacity to influence the ways in which conservation is carried out. 

The management of zoo animals is an excellent example of the application of Foucauldian 

biopolitics (Braverman 2012). Braverman suggests that the model of managing and 

surveilling animals and populations in zoos is expanding to what has previously been 

considered ‘wild’ nature. Ways of managing wildlife in zoos are increasingly being employed 

to free-living populations, often including conservationists who learnt their trade working 

with captive populations (Fa et al. 2011, 2014; Byers 2014; Barongi et al. 2015). The 

management of free-living populations therefore increasingly resembles the management of 

captive animals in simulacra of the natural world. 

Zoo collections have not been systematically designed to be optimal for conservation and 

have often been assembled over time around species traditionally considered to be 

charismatic and to attract visitors (Marešová & Frynta 2008; Jones 2015). The representation 

of threatened species for most collections is not significantly different to what would be 

expected by chance (Conde et al. 2013). Currently, they contain around 15% of the world’s 

threatened terrestrial vertebrate species, but the proportions of collections which are 

composed of threatened species vary depending on the taxa (Conde et al. 2011). Mammal and 

bird species held in zoos are less endemic and threatened than closely related species not held 

in zoos (Martin et al. 2014). High threat is not the only conservation reason for zoos to have a 

species in their collection (Bowkett 2014) but they do have a tendency to focus their 
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conservation efforts on species which they have within their collections (Fa et al. 2014), 

allowing them to easily communicate their work to supporters (Keulartz 2015). If zoos 

continue to become more influential within conservation, then charismatic and spectacular 

species will continue to receive more investment and effort and become increasingly 

prominent in conservation. New species-focused initiatives which integrate work across the 

historic in situ/ex situ divide are becoming more prominent, such as the One Plan Approach, 

which ‘proposes integrated species conservation planning and considers all populations of the 

species both inside and outside their natural range under all conditions of management 

involving all responsible parties and engaging all available resources’ (Byers 2014). Without 

commitments to focus on species outside of the group of spectacular species such as black 

rhinos, tigers and elephants, the One Plan Approach and zoo-driven conservation in general 

risk becoming part of the creation of hyperreal nature which will come at the detriment of 

many other species. 

Often, themed zoo exhibits are linked with projects which focus on the area which these 

exhibits are supposed to simulate. Zurich Zoo opened an exhibit in 2003 called Masoala 

Rainforest Hall/Masoala Kely, which simulates the Masoala rainforest in Madagascar, and 

aims to display animals in a ‘semi-natural habitat’ (Duffy 2008). This is part of a sustainable 

development project in that area of Madagascar, which is a key aspect of the way the zoo 

exhibit and zoo-approved trips to Masoala are marketed (Duffy 2008). Having experienced a 

simulation of Masoala at a zoo, a tourist’s expectations of what they will find when they 

arrive the real place will surely be shaped by that exhibit. Projects such as this show how 

zoos are now places by which simulacra of nature can be designed, according to what can be 

marketed to potential visitors, and these representations can come to shape the management 

of free-living populations and natural areas. 

Disney itself is now involved in all levels of world building when it comes to the natural 

world (Lorimer 2015). From talking animations of animals in the Lion King, through hotels 

themed around wilderness, caring for real animals in Disney’s Animal Kingdom, and the 

Disney Conservation Fund gives money to community-led conservation efforts globally 

(Sams 2020). This one corporation is arguably fundamental to shaping people’s view of what 

nature is and should be around the world (Scott 2007) and is now taking on responsibility for 

deciding which real world conservation projects should be funded. 
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Protected areas and safaris 

Protected areas are human-created places, they do not have natural borders which define 

where they should be. They are defined and defended by humans as spaces for nature. Trying 

to decide on the extent of an ecosystem, draw a line around it on a map or build a fence 

around it on the earth are inherently futile, as unruly non-humans do not respect our borders. 

Even a linear feature which demarcates a stark difference in ecology such as a coastline is not 

a hard border, non-humans still cross them. Zoos never pretend to be anything else but a 

place of simulation, whereas protected areas masquerade can attempt to appear to be a ‘real’ 

space where the ecology is taken to be how the area ‘should’ appear.  

This view of protected areas as representative of the natural state of a landscape can lead to 

the creation of a ‘historic theme park’ with the ‘proper’ distribution of habitats, species and 

communities (Higgs 2003). Morton (2007)’s romantic consumerism, where the experience of 

the sublime has become reproducible, marketable and sold to people, has influenced the 

maintenance of actual environments such as the Lake District. Wordsworth’s poems, and the 

designation of World Heritage Site, have locked it in just one of the many ecological states 

which could exist (Ellis 2016), dependent on human intervention and domestic livestock 

(Pearsall & Pennington 1947).  

Reserves around the world which aim to attract tourists are being shaped according to their 

expectations. In Jamaica, managers spend time focusing on large, colourful fish which divers 

like and not on less marketable indicators of the health of the marine ecosystem such as sea 

urchins and bacteria. Complaints were also received from visitors about the presence of local 

Jamaicans fishing in small boats, as they expected there to be no human presence in the park 

(West & Carrier 2004).  

African safari reserves are another example of this. Despite the diversity of landscapes in 

East Africa, similar photographs of wooded savannah are used to sell safaris over and over 

again. The expectations of a safari are created using this marketing which primes tourists to 

expect expansive savannas, with local people in traditional cultural dress, and a guarantee of 

seeing the ‘Big Five’ (Norton 1996). The meticulous care with which these wealthy tourists 

are looked after stops sharply at the fence (Lorimer 2015). Reserves where you can go on an 

African safari are arguably also undergoing the process of Disneyization (Bryman 1999). 

They all share similar themes of an idealised ‘African’ experience. There are cafes and 

restaurant, giftshops you can buy goods bearing copyrighted images and logos and not only 
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are rangers and guides expected to be happy and helpful, they are also sometimes requested 

to perform in traditional tribal dress, involving significant emotional labour.  

Narrowly defined, these processes can have benefits for conservation. Igoe (2010) discusses 

the Maasai Steppe Heartland, a conservation landscape managed by the African Wildlife 

Foundation. The growth of the elephant population here has been impressive (Foley & Faust 

2010). It is a prime example of the spectacular accumulation bringing natural capital into 

global circulation and remaking landscapes ‘according to the fantasies of Western tourists’ 

(Igoe 2010). Not only does this have social costs by excluding local people and cutting them 

off control of their landscape and from a sense of place (Igoe 2010) but it has to be put into a 

global conservation context. Not every area is blessed with such spectacular non-humans and 

can leverage them to raise funds and draw themselves into the global marketplace of 

environmental investment and eco-tourism. 

7.7 Solutions 

It is almost, if not completely, impossible to return to a ‘pristine’ nature in any area. The 

solution to avoiding the dangers of hyperreal representations of nature being dominated by 

powerful interests is not to insist on the presence of a Nature which science can access and 

describe. I do not propose that conservation and ecology should be exercises in defining and 

returning to a ‘real’ nature. Rather, in order to avoid the problems which come with the 

construction of hyperreal natures, we must ensure that these constructions are not dominated 

by capitalist and powerful interests. In such a scenario, it is likely that many humans and non-

humans will lose out to the wealthy and spectacular. Conservation must ensure that the 

interests of humans and non-humans which would be ignored are represented. This includes 

the telling of stories and world-building projects, but not solely those created by large 

companies and NGOs.  

In light of this, we must move away from the strict category of Nature and accept a 

multiplicity of methods and aims in conservation (Redford et al. 2011). Without a Nature to 

appeal to, many researchers and theorists have proposed a multiplicity of methods and aims 

in conservation, which depend on the social and ecological context of an area (Redford et al. 

2011; Braverman 2015; Lorimer 2015). Marris (2011) sees the earth as a ‘rambunctious 

garden’, where humans manage different areas of the world, but the life within each area is 

allowed to be autonomous and ‘wild’. The problem here is that multinatural ontologies, 
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where a range of different natures can exist in a particular place, leave humans with choices 

to make.  

The ontological politics associated with this multiplicity flags the degree to which any 

management decision is a biolopolitical act. Nature does not provide the answers 

(Lorimer, 2015, p.33) 

If there is no objective target which science can describe, or as Lorimer (2015) says, ‘no 

emergent ecology is Natural’, and we accept that humans will have some decisions to make 

in what nature or species should exist in a particular area how do we prevent corporate and 

development interests taking control of this agenda? Disney exemplifies how some 

corporations have control of the processes of world-building, both virtual and real, at every 

level. The partnerships of TNC with gigantic polluting corporations show the ways that such 

companies are coming to have influence in conservation.  

In this context, there are two directions which conservation practice can take in the absence 

of a Nature which we can appeal to. These directions match the hypermodernism and 

postmodern realism outlined by Borgmann:  

One, which is the direct descendent of modern technology and is much more prominent 

at the surface of recent developments, I call hypermodernism. It is devoted to the 

design of a technologically sophisticated and glamorously unreal universe, 

distinguished by its hyperreality, hyperactivity, and hyperintelligence ... There is, 

however, a way of life beyond sullenness and hyperactivity. It is a recovery of the 

world of eloquent things, a recovery that accepts the postmodern critique and realizes 

postmodern aspirations. I call this recovery postmodern realism and point up its 

emerging characteristics, - focal realism, patient vigour, and communal celebration 

(Borgmann, 1994, p.5) 

Higgs (2003) has taken these concepts and applied them to ecological restoration. He lays out 

two categories. The first is technological restoration, characterised by professional practice, 

heavy use of technology and strong control by corporations, consultancies or professional 

organisations. In other words, this is a top-down form of restoration. The second is focal 

restoration which is founded on community engagement and local culture and embraces 

knowledge generated in art, music and poetry as well as science, which would largely be a 

bottom-up process. This is not a one or the other scenario, rather Higgs (2003) recommends 

that a merging of the two is necessary.  
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In both of these future scenarios, conservation is a biopolitical process where technologies are 

used to manage free-living wildlife. However, the difference lies in why conservation is done 

and the consideration given to non-humans. In a hypermodern future, conservation would be 

primarily done according to the expectations of, and for the benefit of, certain humans. 

Nature would be a way to generate profit and as such is modified to suit this end. In this 

scenario, certain species would be preserved in high numbers. But other species, and other 

humans, will be excluded. The real problem is not conducting conservation without Nature, 

the real task is adequately taking account of marginalised nonhumans, or as Lorimer (2015) 

says ‘interspecies responsibility’. This allows conservationists to assess what species and 

populations require to continue their existence. Here I offer some theoretical and practical 

ways which conservation can embrace postmodern realism, and focal practice, rather than 

hypermodernism.  

7.7.1 Historical materialism 

The first solution is how we theorise about the natural world. Not all social theory advocates 

for the complete collapse of the natural into the social. In his book ‘The Progress of this 

Storm: Nature and Society in a Warming World’, Andreas Malm argues against both 

constructionism and hybridism, and states that facts such as the melting point of ice and 

processes such as photosynthesis are entirely natural relations and neither have nor need any 

natural input (Malm 2018). Nature is therefore ‘autonomous’, in that can regulate its own 

behaviour and ecological functions continue without societal observation or input. This is the 

underlying reasoning of historical materialism, which posits substance monism but property 

dualism between nature and society.  

Ecological functions and processes such as predation, parasitism, herbivory, nutrient transfer 

and so on occurred before humans existed, indeed humans are a product of these processes. 

This must be true if we accept that the diversity of life we see came to be by evolution in part 

driven by natural selection, as they exert selection pressures which drive evolution. These 

processes went on before Homo sapiens existed, continued while humans were present but 

had not formally described them, and occur now while we both measure them and limit their 

scope by modifying and destroying those ecosystems. Throughout its history, society has 

modified and socialised nature, but ecological functions still have the capacity to be 

autonomous. However, with anthropogenic impacts being global, increased carbon dioxide 

emissions do not observe our designation of wilderness, they do not now occur without 

societal observation or input. The social has grown out of the natural, then turns down to 
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destroy and reorder the natural. However, it cannot fundamentally unpick the fabric of the 

stuff it grew from. Historical materialism is the view of nature which I use here, as it allows 

for an understanding of human/nature interactions where humans are completely capable of 

destroying large parts of nature, but it can still exist, and have value, outside of human 

influence. This theorisation also accounts for the fact that a continuing intrusion of society 

into nature will lead to nature violently intruding on society in the form of climate change and 

ecological collapse (Malm 2018). Whilst dialectics is interesting, in conservation and in an 

ecological crisis, I am much more interested in theory which will be useful for understanding 

the problems we face and how they can be solved.  

[One] might smile somewhat ruefully at the dialectic of scholars refusing the very 

concept of reality and big pictures, while global megacorporations frack in their 

backyards (Morton, 2016, P. 94) 

7.7.2 History as guide rather than goal 

One of the keystone concepts in Higgs (2003)’s concept of ecological restoration is historical 

fidelity. In a world with no Nature to appeal to, few are suggesting that we completely 

abandon the use of historical ecology to inform the aims of conservation. Even those who 

advocate for ‘futuristic’ restoration acknowledge the need for reference sites where remnants 

of relatively undisturbed ecosystem remain (Choi 2004). In species conservation, this 

involves using historical ranges as a starting point with where to conserve them, but this 

cannot be the only input to the decision-making process (Pereyra 2020).  

Historicity, defined as historical authenticity, is a vital consideration but defining it in 

conservation is notoriously difficult (Dudley 2012). Parallels are often drawn between 

ecosystem restoration and restoration in the art and architectural worlds, but these are 

fundamentally different. When the artist paints their signature and the brush left the painting 

for the final time, that painting is in the state which the artist intended. Setting a baseline for 

restoration is relatively straightforward then, attempts almost always try to return the painting 

to as close to that state as possible. Ecosystems are dynamic (Higgs 2003) and no natural or 

intended state can be defined.   

Elliot (1995) stated that some of the value of an undisturbed ecosystems lies in its natural 

genesis and origin independent of human beings. He insists that even a restored rainforest 

which is indistinguishable from the undisturbed one would be of differing value, and the 

restored area would be akin to an art forgery. I would argue that this is an intensely 
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anthropocentric view. In Philip K. Dick’s ‘The Man in the High Castle’, set in a 1962 

alternate history where the Axis Powers won World War II, a character presents two Zippo 

lighters to his date. One was in the pocket of Franklin D. Roosevelt when he was assassinated 

in this alternate history, one is just a normal lighter. There is no perceptible difference 

between the two, and the characters cannot distinguish them by eye. Historicity, and the 

historical meaning of one of these lighters resides completely in the attitude of a human, 

which is exactly the same for ecosystems. In the hypothetical situation where we could 

restore an ecosystem to a previous historical state perfectly, non-humans will not be affected 

by which one they live in. Instead, it is people who may see lesser value in the restored area. 

Instead of using historical references as a proxy for deciding how beneficial an ecosystem 

will be for non-humans, we need better ways of including them in the decision-making 

process.  

Appeals to Nature can also be a way of excluding some humans from the decision-making 

process. There is a cultural diversity in restoration, and the perception of what a landscape 

‘should’ look like depends on the history of the landscape and the people who inhabit it. A 

useful metaphor is a ‘palimpsest’, a manuscript where later writing overlays earlier writing. A 

landscape accrues layers of meaning which do not destroy earlier meanings. These meanings 

and values include ‘natural autonomy’, ‘wilderness experience’, and ‘ecological functioning’ 

(Arts et al. 2016).  

The world in between the extremes of essentialism and constructivism makes more 

sense ... I think of this as creative ambiguity because it encourages observation and 

understanding while forcing us to confront the limits of such knowledge. It is a blessing 

as it reveals to us the extent and thickness of the cultural layers we impose on top of 

reality. (Higgs, 2003, p.202) 

Historicity is just one of these layers of value, albeit a very important one. Historical 

references are vital but must be considered alongside other things and conservation must 

embrace a multiplicity of goals. There is no one-size-fits all programme for goals and 

methods.  

The point would not be to dismantle global agriculture and replace it with yet another 

top-down solution. Instead we need many toy structures, many temporalities. (Morton, 

2016, p.143) 
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7.7.3 Wild life rather than wilderness 

The problem of aiming for wilderness is that it inherently implies a lack of people. As human 

influence is now pervasive around the world, imagining that we can create large areas of 

peopleless wilderness is both unfeasible, and often comes at the expense of Indigenous and 

poor people (Agrawal & Bauer 2005; Agrawal & Redford 2009). The long term sustainability 

of protected areas which exclude humans is also questioned (Adams & Hutton 2007; 

Brondízio 2008). Despite this, the goal of conserving life which is autonomous should not be 

completely done away with. In light of this, and in line with Braverman (2015) and Lorimer 

(2015), I advocate aiming for wild life (life which is wild) rather than wilderness. The goal is 

not life which is completely free from human influence, but rather life which is allowed to be 

unruly and autonomous. Life which is ‘as wild as possible’ (Braverman 2015). Wild here is 

used in the sense that is often used for children who do not do what they are told. Under this 

ontology, the wild is a ‘multispecies commons’ where difference should be celebrated 

(Lorimer 2015), but we do not aim to exclude humans 

It is in vain to dream of a wildness distant from ourselves. There is none such. It is the 

bog in our brain and bowels, the primitive vigor of Nature in us, that inspires that 

dream. I shall never find in the wilds of Labrador any greater wildness than in some 

recess in Concord (Thoreau, 1856, p.372)  

Wild life, and autonomous life, do not just refer to a functionalist view of nature, where the 

focus is on ecological function and processes rather than the composition of the species 

community which carries out those functions (Callicott et al. 1999). A celebration of 

difference includes respect and desire for compositionalist diversity, guided by historical 

references.  

Embracing a goal of wild life goes hand in hand with research in the wild. With no defined 

end goal for what an ecosystem ‘should’ look like, measuring success and failure becomes 

more difficult. Lorimer (2015) expands Callon & Rabeharisoa (2003)’s concept of ‘research 

in the wild’, with wild being outside of a laboratory setting, to include the agency of non-

humans. In this concept, conservation sites are neither ‘found’ nor ‘made’, which is how field 

sites and labs are historically categorised respectively. Field sites are no longer purely found, 

due to the impacts of humans and the management of wildlife which occurs. This allows for 

decisions to be made about their future not purely by powerful humans interests, but with 

recourse to other people and non-humans. Done properly, research in the wild brings these 
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groups into politics and allows them to contribute to the decisions of what they should look 

like.  

Species-focused research and conservation are parts of this research in the wild, and 

contribute to the dissolution of the boundary between lab and field. In order to prevent 

conservation becoming part of the push towards hypermodernism, and the design of 

hyperreal nature which will exclude certain species and people, the immanence (Deleuze 

1997) of target species and systems needs to be recognised. This is potential future 

becomings of these things, and the ability for emergent properties to arise, unexpected 

properties which cannot be predicted by the factors which are present (Lorimer 2015). 

Allowing for immanence builds in capacity for nature to take its own path into the future, in a 

way which has not been designed or imagined by humans. Non-humans should not only be 

autonomous in the present, but also into the future. Allowing autonomy provides space for 

evolutionary processes to continue to shape the natural world and give rise to future diversity, 

while allowing for human interventions to prevent extinctions in the face of human-caused 

problems. Methods of doing this include adaptive management (Canessa et al. 2016), 

dynamic reserves (Costello & Polasky 2004), and a constant reappraisal of goals.   

7.7.4 Uncommodified encounters and valuing experiences of nature in relation to inter-

species interactions 

In the biopolitical project of conservation, decisions are made on the ‘right’ types of life to 

conserve. If we allow species to be valued purely in relation to their usefulness to humans, in 

an anthropocentric view of conservation (Hunter et al. 2014) then there is little justification to 

preserve those forms of life which are not useful to humans. As a baseline, the intrinsic value 

of all species should be recognised (Vucetich et al. 2015). This is not to say that no 

development can occur. Rather, the burden of proof should be on those who want to modify a 

habitat that the benefits, be they societal, economic, cultural or anything else, outweigh the 

loss of nature.  

More than this, we should not only appreciate that value of all living things, but we need to 

learn how to appreciate, exist with, and be affected by them.  

In the end, the problem suffered in one of superficiality: you are not truly engaged with 

a place, especially a wild place, without being there on its terms, not yours (Higgs, 

2003, p.282) 



277 

In recent years, the ‘affective turn’ has led to a boom of interest in affect in the social 

sciences. Affect places emphasis on emotions and bodily experience and is defined as a 

dynamic relationality between various bodies which increases or decreases the body's power 

to affect or be affected (Deleuze 1997). This has been utilised by political ecologists to 

conceptualise co-existence with other bodies, human and non-human (Singh 2018), and foster 

a sense of care, ''not in the sense of being cautious or even being full of care (in the sense of 

sheltering others), but in the sense of being open to others, or being curious about others'' 

(Hinchliffe 2008, p.95).  

Affect allows us to think about engagement with nature, and other species, in a way which is 

not just about connecting with other species, but allowing ourselves to be changed by this 

interaction. Other species are therefore not only things which we do things too, but rather 

things which also do things to do us. We therefore truly inhabit the natural world with other 

beings as companions (Haraway 2008). By centring natural encounters around the extent to 

which we can be affected by other species, we can avoid the trap of creating hyperreal worlds 

which do not take account of other species. A jogger encountering a real mountain lion is 

affected by another species, and this value cannot be recreated by a simulation of a mountain 

lion if it is the encounter with another species which is valued, rather than just the effect it 

has on the jogger. 

A key aspect of this is encouraging uncommodified encounters with other species: 

Biopolitcs as cosmopolitics involves living with nonhumans – conducting, ignoring, 

subsuming, and being overwhelmed by vital tendencies not subject to human reason … 

Conservation remains a biopolitical practice: living well with wildlife requires fences, 

rifles, and cameras alongside legal, economic, and political technologies for mediating 

and deliberating companionship (Lorimer, 2015, p.183)  

If we abide by the ‘what pays, stays’ logic then only those species which can be given an 

ecosystem service value, marketed as an attraction for tourists or assigned a value in another 

way, will be protected and other species will be the losers. We need to celebrate other 

encounters which are not necessarily marketable, or ‘hold the slimy in view’ (Morton 2003). 

Species conservation cannot just focus on traditionally charismatic species. Beyond this, 

species conservation must take place alongside other approaches. Over 31,000 species are 

known to be threatened with extinction (IUCN 2020) and focusing on them one by one will 

surely be too slow to prevent many extinctions. There will continue to be a place for the 
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spectacular, and for the awesome power of nature which can be witnessed on a Big Five 

safari. Black rhinos are expensive to protect and doing away with the model of tourism which 

funds this is not feasible. Rather, ecologists, artists and everyone else involve in conservation 

has a responsibility to celebrate the unspectacular as well. Conservation is not just about 

rhinos, it should also be about the unattractive, the mundane, the everyday and the slimy. 

7.7.5 Including marginalised humans and non-humans  

Morton (2003) points out that ecological discourse, and therefore conservation, is about how 

to share the earth with other humans and non-humans, in a way which is sustainable. In a 

world where reality is pliable, and can be shaped by world-building technologies, the real 

question is how do we bring humans and non-humans which have been historically excluded 

from the conversations into the debate so that their interests can be represented?  

Including excluded humans  

Noting that almost all ecosystems have been inhabited by humans, and been altered by them 

in some way, the value which humans place on ecosystems is a vital consideration. 

Conservation has a chequered history when it comes to considering people alongside 

biodiversity. It has historically been implicated in displacing people (Agrawal & Redford 

2009) and perpetuating colonial ideologies (Domínguez & Luoma 2020). The field 

increasingly appreciates that Indigenous peoples, and the lands which they own and manage, 

are vital to conservation (Renwick et al. 2017; Artelle et al. 2019). Not only this, but it is also 

argued that conservation benefits are not worth having if they come at the detriment of 

impoverished and Indigenous peoples (Agrawal & Bauer 2005) and methodologies which do 

this are not sustainable (Adams & Hutton 2007). Alliances between environmental and social 

movements began to be formed during the 1990s (Kohler & Brondizio 2017) and 

conservation increasingly considers the preservation of cultural diversity (Pretty et al. 2020), 

the eradication of poverty (Adams et al. 2004) and decolonialisation (Adams & Mulligan 

2003) as important considerations alongside biodiversity conservation. 

Developing conservation aims and methods with people who live in or near the target 

ecosystem is vital to preventing corporations and powerful people from dominating the 

conversations about what natural places should look like.  

Knowing the history of a place is a prerequisite to understanding it, and knowing its 

history means taking people as well as ecosystems seriously (Higgs, 2003, p.41) 
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In a palimpsest landscape, many of the layers of meaning are cultural. Protecting that 

landscape therefore means consulting the people who value it and making them fundamental 

to the design of conservation. One of the cornerstones of Higgs (2003)’s focal restoration is 

‘focal practice’, which means making community support and participation vital to any 

ecological restoration project. ‘Communal celebration’ is the name which (Borgmann 1993) 

gives to this, which he believes is necessary to go down the path of postmodern realism rather 

than hypermodernity. Again, this is not about uncovering the reality of a place, rather it is 

about listening and amplifying stories, myths and world-building which have historically 

been suppressed, including from indigenous people (Fernández‐Llamazares & Cabeza 2018). 

The connections of people to place have been lost in many communities and many parts of 

the world (Softas-Nall & Woody 2017), with significant consequences on health (Cox et al. 

2017; Tillmann et al. 2018) and motivation to protect nature (Louv 2008). In focal 

restoration, the means are just as important as the ends and practice should not only be about 

bringing back biodiversity, but also reconnecting people to place (Higgs 2003). Part of this is 

allowing people to express what they would like from a landscape, and what nature they think 

there should be (Pringle 2012; Edwards & Gibeau 2013). Conservation biology, ecology and 

historical references still have a part to play in describing what a landscape should look like. 

But not giving people a say and making these decisions in jargon and with processes which 

are largely opaque to a lay person continues to disconnect people from nature, and removes 

their ownership (Grove 2017). Simply doing more science to persuade people is not 

necessarily helpful (Chamberlain et al. 2012). Some conservationists, including Auckland 

Zoo Director Johnathon Wilken as quoted in Braverman (2015), advocate deliberately setting 

up ecosystems which need human input, to prevent people becoming further alienated from 

nature.  

This means that ecological restoration and conservation more widely have to utilise 

disciplines beyond science. Art, literature, and history all have a part to play in ‘restorying’ 

places (Higgs 2003). Without adding to the narrative of a place and including a community 

which can tell stories about it, conservation opens to the door to powerful interests 

dominating the processes and controlling expectations for what nature should look like and 

what it should be for.  
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Framework for including non-humans 

This is where species-focused research and conservation is vital. Conservation is undoubtedly 

a social process, and its main challenges will be solved by persuading people, and other 

societal constructions including corporations, to change their behaviour (Balmford et al. 

2009). Humans are the cause of the extinction crisis and will have to drive the solution 

(Malm 2018). Whilst I agree with Malm’s thesis of historical materialism, I disagree with his 

dismissal of more-than-human approaches to philosophy in the context of conservation: 

a purely anthropocentric survival instinct should then be enough to ground a policy of 

non-subsumption (Malm, 2018, p.228) 

Whilst Malm is correct that the preservation of biodiversity is vital to the survival of humans 

on earth (Chapin III et al. 2000; Foley et al. 2005; IPBES 2019) I do not agree with this 

assertion. If we justify the preservation of the biosphere on a purely anthropocentric survival 

instinct then it potentially allows the destruction of the non-useful parts of nature and permits 

the rest to be reshaped according to hyperreal simulacra of it. This would be the wrong way 

to cross the postmodern divide. In order to meet international conservation goals of 

preventing extinction (Funk et al. 2017), the intrinsic value of species should be respected 

(Vucetich et al. 2015), conservation should to be justified on an eco-centric basis (Taylor et 

al. 2020) and non-humans should be brought into the decision-making process and allowed to 

shape the aims and methods of conservation. Without this, those non-humans that do not 

serve human interests could be allowed to slide towards extinction. Doing this will help to 

prevent the aims of conservation being dominated by the expectations of humans. 

The difficulty is that we cannot just ask non-humans like we can with marginalised people. 

Preventing extinction is certainly a pivotal aim, but a focus on this alone leads to questions 

over whether a species which exists just in zoos is a success for conservation, because it is 

not completely extinct. Most conservationists would consider this a failure. We must have 

ways of bringing non-humans into the conversation, and measures of whether conservation is 

being successful for them.  

Conservation often sets targets in terms of numbers of individuals, size or area protected or 

similar quantitively objectives (Doherty et al. 2018). Morton (2016) lays out three aspects of 

his posited agrilogistics. One of these is ‘Existing is always better than any quality of 

existing’. We need to move away from the prominence of how much exists, towards the 

‘quality’ existence (Redford et al. 2011).  
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Americans flatter themselves for having brought the population of [American] Indians 

back to pre-Conquest levels. One effaces everything and starts over. They even flatter 

themselves for doing better, for exceeding the original number. This is presented as 

proof of the superiority of the civilisation: it will produce more Indians than they 

themselves were able to do (Baudrillard, 1981, p.11) 

Umwelten 

The challenge is defining the quality of existence for non-humans. In the semiotic theory of 

Jakob Jakob von Uexküll, an umwelt is an animal’s environment as they perceive it (von 

Uexküll 1987). The term is usually translated as ‘self-centred world’ (Cobley 2009) and 

Uexküll theorised that organisms can have different umwelten, even though they share the 

same environment because of their different requirements, sensory systems and cognition.   

The question of animals – sometimes I wonder whether it is the question – radically 

disrupts any idea of a single, independent, solid environment. Each animal, perhaps, has 

its own environment (Morton, 2003, p.98-99) 

Umwelten are very useful in theorising how conservation can incorporate the needs of 

animals into setting objectives for conservation. If science can access and describe an 

animal’s umwelt, then it can show whether environmental changes impact an animal 

positively or negatively. If this is possible, then non-humans can be incorporated into the 

decision-making process and ensure that conservation is not just done from an 

anthropocentric point of view. Historical reference conditions are still vital, but targets could 

be made that not only aim to move an ecosystem towards a historical state, or increase 

numbers of one or more species, but also benefit the non-humans in question. Incorporating 

non-humans in this way would protect conservation aims from being dominated by corporate 

interests, and targets controlled by the hyperreal simulacra of nature described above.  

 Science has a vital role to play in describing each animal’s umwelt.   

Conservationists must learn to apprehend and work with diverse nonhuman topologies. 

An attention to animal’s geographies – thinking like an elephant, an insect, or even a 

molecule – can help attune to the diverse ways in which nonhuman life inhabits the 

novel ecosystems of an Anthropocene planet (Lorimer, 2015, p.176) 

The general approach of species-focused research carried out in this thesis is a vital part of 

allowing non-humans to enter the debates of target-setting in conservation. Firstly, population 
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modelling can be used to estimate population performance and identify sink and source 

populations (Chapter 3). Individual variations in fecundity, morality, immigration and 

emigration combine to produce population-level differences. Hypotheses for what causes 

individual variations can then be tested using appropriate methods (Chapter 4), whether this 

is due to variations in diet and gut health or other indicators. This can utilise conservation 

physiology (Wikelski & Cooke 2006; Cooke & O’Connor 2010) including endocrinology 

(Bonier et al. 2009; Wasser et al. 2010), behaviour (Archie & Chiyo 2012), metabolic rate 

(Nimon et al. 1996) or immune function (Watt et al. 2016).  

If environmental changes can be causally linked to animal health and population 

performance, there is a good argument for what is and is not beneficial for a non-human. This 

provides a way for conservationists to measure whether a particular intervention is positive or 

negative for this particular non-human and allows that to be brought into the debate about 

targets for conservation which do not rely on an appeal to Nature. Historical references will 

always be the place to start, but they are not the only part of the story. In a changing world, 

static targets are not always appropriate. Assessing functional condition of animals like this is 

one way to address this problem and consult non-humans on how beneficial certain types of 

conservation are for them. Once this has been done, practical conservation must incorporate 

the resulting information into its methods.  

7.8 Conclusion 

In letting go of Nature, and objectives which rely on historical reference conditions, 

conservation risks becoming dominated by powerful interests which shape expectations of 

nature and heavily influence the design of natural spaces into the future. In this scenario, 

many species and places will lose out, particularly those which are uncharismatic, 

unspectacular and unuseful to humans. How we avoid this and design conservation 

programmes which do not appeal to Nature, but also conserve the great variety of life on this 

earth is one of the great questions facing the field. 

Büscher and Fletcher (2019) set out their vision of ‘convivial conservation’ which is beyond 

both capitalism and nature/culture dichotomies. There are five main elements of this vision: 

1. From protected to promoted areas 

2. From saving nature to celebrating human and nonhuman nature 

3. From touristic voyeurism to engaged visitation 

4. From spectacular to everyday environmentalisms 
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5. From privatised expert technocracy to common democratic engagement  

(Büscher & Fletcher 2019) 

 

This vision largely aligns with that described here but I would expand it to include a sixth, 

‘From human decision-making to more-than-human decision-making’. Together the solutions 

proposed here can form the start of a viable alternative to a world where the aims of 

conservation are dominated by the expectations of people which have been shaped by the 

hyperreal simulacra created by powerful corporations. Here, I have posited that species-

focused research and conservation, which this thesis is part of, has a vital role to play. 

Species-focused research can be part of bringing non-humans into the politics of conservation 

and consulting them on what is beneficial. Science will always be central to conservation, and 

it now has a new role to play in allowing humans to access the umwelt of those species we 

are trying to conserve. 
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This thesis is focused on the conservation of the eastern black rhino (Diceros bicornis 

michaeli), a Critically Endangered subspecies which fulfils the criteria of charisma and threat 

which make it a prime target for conservation efforts. Such species-focused conservation has 

certainly been beneficial for the conservation status of several species (Hoffmann et al. 

2010), and the process of doing so successfully is becoming firmly established (Jones 2015; 

Canessa et al. 2016). Despite this, challenges remain. The research presented in this thesis is 

aimed at tackling two of these.  

The first pertains to the optimisation of species conservation. We cannot assume that the 

places where we currently find species of conservation interest represent optimal habitat for 

them (Lea et al. 2016; Kerley et al. 2020). The development of methods which identify 

fitness and population performance and link these to habitat characteristics using individual-

level data is vital to the future of the field. I make some conservation recommendations based 

on the work done here, which I offer in section 2.  

The second challenge is finding the place for species-focused conservation in the future of the 

field. Conservation on a species-by-species basis presents a truly huge challenge, even if we 

just focus on those species which are currently threatened (Traylor‐Holzer et al. 2019). This 

thesis has examined this challenge. Chapters 5 and 6 contribute to the discussions 

surrounding the identification of priorities and aims for species conservation, as well as how 

they can be integrated with other methodologies. Section 8.3 discusses the general 

conclusions of this work.  

Limitations to the research presented in this thesis are outlined in section 8.4, along with 

recommendations for further work which could be utilised to strengthen and expand my 

conclusions. Biomarkers such as the ones identified in chapter 4 can act as warnings of poor 

individual health, and therefore indicators of population viability (Chown & Gaston 2008; 

Ellis et al. 2012). Building these methods into ongoing monitoring could be used to assess 

how future habitat changes affect diet and gut health, predicting the effect on population 

viability. This would allow conservation to act before declines begin, both for black rhinos 

and other species. 

8.1 Conservation of the eastern black rhino 

Chapters 3 and 4 are part of the species-focused conservation research which is designed to 

support the conservation of the eastern black rhino and provide a model of research which 

can be replicated for other species. Successful species conservation will mostly build on the 



294 

same sequence of actions, starting with research to understand the limiting factors in free-

living populations. Kenyan black rhinos present an excellent opportunity for the development 

of these methodologies due to the intensive monitoring which they are subject to.  

8.1.1 Identifying demographic variation 

The initial step in species conservation is to identify variation in individual fitness and 

population performance (Beissinger & Westphal 1998). When a species is separated into 

several discrete populations which can be studied in tandem, it forms a natural experiment 

which allows for demographic variation and its causes to be studied. Chapter 3 models the 

population of this subspecies on three reserves and shows that estimated mortality rates were 

higher, and fecundity rates lower, on Ol Jogi compared to the other two reserves. Ol Jogi has 

significantly lower intrinsic and projected growth rates than Lewa and Ol Pejeta. The 

vulnerability of the Ol Jogi population to extinction when faced with stochasticity and 

variance in female reproduction is likely to be a consequence of both this and the smaller 

population size. As well as this, chapter 3 suggests that juvenile survival is the most 

important vital rate for black rhino population growth, although mortality of breeding age 

females would have a faster impact.  

The benefits of population models, and this study in particular, are not limited to the 

conservation of the species in question. They can also reveal aspects of basic biology and 

ecology. Chapter 3 exemplifies this, as it demonstrates that female reproductive skew is an 

important aspect of demographic heterogeneity in large herbivore populations and can 

increase extinction risk. The effect of this skew is particularly acute in small populations, 

those with relatively low intrinsic growth rates and when coupled with high adult mortality 

rates. Individual-level variation in female fecundity is a crucial consideration for the 

demography and ecology of large herbivores and is vital in their conservation. 

8.1.2 Explaining demographic variation 

Once variations in vital rates have been identified, research can be implemented to test 

hypotheses for the factors limiting fecundity and survival, which are vital for preventing 

population declines (Chown & Gaston 2008). Chapter 4 tests the hypothesis that spatial and 

temporal changes in available habitat lead to variation in the diet quality and gut health of 

individual black rhinos and, in turn, give rise to differences in individual female breeding 

success. In the long term these individual differences could add up to significant variations in 

population performance. This is the first study to describe a black rhino nemabiome using 
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genetic techniques, and the first to integrate methods which study diet, microbiome and 

nemabiome concurrently for the species. 

The three study reserves are only around 50km apart. Despite this, the composition of diets 

and microbiomes differ significantly between them. Savannah herbivores can shift their diets 

seasonally (Staver & Hempson 2020) but isotopic analysis has suggested that browsers do not 

significantly shift their diets during droughts (Abraham et al. 2019). However, I have found 

that black rhinos are relatively flexible in the composition of their diets, both seasonally and 

spatially, and have shown how this impacts on their microbiome, nemabiome and potentially 

female breeding success.  

The results presented in Chapter 4 suggest that herbaceous plants may be more important to 

black rhinos than has previously been thought. Individuals are shown to increase the 

proportion of herbaceous plants which they consumed in the wet season, confirming previous 

work (Oloo et al. 1994). However, this work is the first to demonstrate that black rhino diets 

in areas with a high proportion of woody to herbaceous cover are associated with lower 

dietary nutritional measures than diets which contain a higher proportion of herbaceous 

plants. Dietary dispersion also correlated with high nutrient measures. Habitat which presents 

black rhinos with a choice of plants, allowing them to choose the most valuable in a 

particular place and season (Muya & Oguge 2000) could be an important part of habitat 

suitability.  

Microbiome composition also changed seasonally and spatially, and particular genera may be 

key to digestion of different plant types. On the other hand, nematode communities were very 

stable. However, certain nemabiome compositions which were associated with high woody 

cover were also associated with high diversity and parasite burdens. Dietary diversity 

negatively correlated with nematode diversity. These relationships may be driven by greater 

dietary diversity providing a wider niche in the gut, but also by the effects of immune 

responses, which are stronger in healthy animals (Ezenwa 2004, Ezenwa & Jolles 2008) and 

secondary plant compounds (Waghorn & McNabb 2008). The composition of both 

microbiome and nemabiome positively correlated with dietary composition, suggesting that 

diet is an important regulator of the niche available for both bacteria and nematodes in 

mammalian guts (Reese & Dunn 2018). 

The relationship between vegetation cover and gut health is complex and it is not just 

vegetation cover which is important. Many studies face the challenge of connecting 
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biomarkers to measures of fitness (Beehner & Bergman 2017). The faecal samples collected 

as part of this thesis span a short time period and it is therefore not possible to connect the 

metabarcoding work directly with concurrent mortality and breeding events. Connecting the 

results to measures of lifetime breeding success presents a challenge. Black rhinos can shift 

their home ranges (Lent & Fike 2003), so directly linking habitat to breeding data can also be 

misleading as not all of an individual’s breeding events occurred in the habitat in which they 

are currently found. I found that older females gain a benefit from inhabiting areas which 

present a mix of woody and herbaceous cover, whereas this relationship is not present for 

younger females. If older individuals have a competitive advantage over younger individuals, 

it could be that they can secure better quality habitat, which allows them to have a higher 

fecundity rate. This could be due to their experience of intraspecies competition and this 

relationship should be further investigated. If it is found to be true, then it provides evidence 

these mixed habitat types are very suitable for rhinos, which may present a trade-off between 

nutrition, predation and other pressures in habitat selection.  

The findings of chapters 3 and 4 become particularly important to conservation when 

compared with each other. The lack of herbaceous cover on Ol Jogi may at least partly 

explain why the reserve was found to have lower projected growth rates and a higher 

probability of extinction than the other two. It is of a comparative size, and projections run 

with the vital rates of Ol Jogi but the starting structure and carrying capacity of Ol Pejeta 

showed that this difference cannot be attributed solely to the lower estimated carrying 

capacity. If herbaceous cover is important for black rhino diets and gut health, then over a 

long period, the lack of available herbaceous plants may contribute to lower birth rates, 

higher mortality rates and give rise to a population which is at greater risk of extinction. The 

combination of demographic and individually-focused research into the physiology or other 

indicators of health, as demonstrated here, presents extremely promising opportunities for the 

evidence-based identification of suitable habitat (Ellis et al. 2012). This can then be used to 

provide recommendations for conservation which are robust and relevant in a changing world 

(Sutherland et al. 2004; Christie et al. 2020).  

8.2 Application to conservation 

Once the factors which are limiting the growth of populations of a particular species have 

been identified, this information can be incorporated into conservation plans, which should be 

constantly evaluated and improved in light of new evidence (Jones 2015). The results of this 

work are being written up into a report which summarises their conservation relevance for 
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conservation managers in Kenya, and other black rhino range states. Here I lay out the 

recommendations which arise from the results of this thesis, several of which address 

priorities set out by the Kenya Wildlife Service (KWS) in their most recent black rhino action 

plan (KWS 2017). 

8.2.1 Monitoring of juveniles 

The elasticities in the population viability analysis (PVA) of chapter 3 suggest that juvenile 

mortality is the most important vital rate for black rhino population growth. The deaths of 

juvenile black rhinos will have a disproportionately large impact on a black rhino population 

and increase the risk of extinction. Black rhino managers will not be able to prevent all of 

these deaths for rhino populations which inhabit functioning ecosystems. However, the 

prevention of calf mortality should be a priority for the managers of black rhino populations. 

Juveniles should be monitored closely for signs of illness so that they can be treated if 

necessary. Predation can have a significant impact on black rhino populations, and certain 

lion prides have been known to begin to regularly take rhino calves (Brain et al. 1999; Patton 

2009). If this occurs, these lions could be moved to other reserves where black rhinos are not 

present. In extreme circumstances, if the mother dies or is incapable of caring for a calf, then 

it can be hand raised. Lewa employed this strategy when a blind female was incapable of 

caring for her calves. This has been successful, and several individuals have been raised to 

adulthood and released into the population. Hand-raising is expensive and requires a great 

amount of expertise, but if it can result in the recruitment of breeding adults which would 

otherwise die then it can be worthwhile in conservation terms. 

8.2.2 Prevention of poaching and reducing female reproductive skew 

Whilst preventing poaching is not the only important aspect of rhino conservation, its 

importance should not be underestimated. Even low levels of poaching can increase the risk 

of extinction, especially when paired with female reproductive skew. Security and the 

prevention of poaching already commands a great amount of the effort and investment in 

rhino conservation, and this work only serves to highlight the importance of this. 

Reducing female reproductive skew poses a difficult problem for conservation. Assessing 

whether a species exhibits skew in female breeding success requires long-term, individual-

based data collection which is difficult, time-consuming, resource intensive and requires 

datasets that are very complete (Lacy 2000). If this can be done, as it has been here, tackling 

reproductive skew presents further challenges. It requires conservation carried out on an 
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individual basis by either encouraging reproduction in females with low breeding success or 

protecting high-value females. In the case of black rhinos, anti-poaching already commands a 

great amount of effort and investment and increasing total security efforts may be unfeasible. 

Security could be concentrated in areas of reserves which contain the territories of high-value 

females to try and ensure that they are not lost to poaching. Whether it is practically possible 

and morally acceptable to do this would require serious debate, as it may reduce the 

effectiveness of security for other individuals.  

8.2.3 Selection of individuals for translocation 

The strong variation in population performance between reserves, and in breeding success 

between individual females is important when planning black rhino translocations for both 

source and target populations. This is a key part of KWS’s strategy for biological 

management, which includes ‘Carrying out strategic translocations of known individuals to 

improve breeding performance/genetic diversity’ (KWS 2017). Removing individuals from a 

population for translocation is akin to that individual dying in population modelling, and can 

therefore increase the extinction risk of this source population. The population viability 

analysis (PVA) methodology of chapter 3 can be used to identify populations with strong 

intrinsic growth, which will be the best candidates to be source populations for translocations 

as they will be the least likely to experience negative consequences of losing individuals, akin 

to natural source-sink dynamics (Pulliam 1988).  

When choosing particular individuals for a translocation, there is a trade-off between losing 

breeding potential in the source population and adding breeding potential to the target 

population. The elasticities show that the younger a female is when they are removed from a 

population, the bigger impact it has on the future growth of the population. Therefore, 

moving younger individuals shifts more reproductive potential between populations. If there 

is strong population growth in the source population, it may be a good strategy to move 

younger individuals. It has been shown that females translocated as juveniles have much 

higher mortality rates and lower offspring recruitment rates after restocking events than older 

individuals (Linklater et al. 2011; Linklater et al. 2012; Gedir et al. 2018). Whilst 

translocation of juveniles, particularly individuals under 2 years old, should therefore be 

avoided if possible, the work presented in this thesis highlights that translocations need to 

consider age at a finer scale for females than just juvenile or adult. For example, the first peak 

of female reproductive probability occurs at roughly 10 years old (Figure 3.4a). Translocating 

females before this age may be more desirable when moving individuals from high to low 
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performing populations, and after this age when translocating from low to high performing 

populations.  

Females probably should not be removed from populations with low intrinsic growth, but if it 

is necessary, moving older adults which have already bred but have some reproductive 

potential left may be a good compromise. Age of first reproduction varies from 5 up to 

around 13, but considering estimated breeding rates, females should have bred by the age of 

10 at the latest. Moving a young individual should theoretically add more reproductive 

potential to the target population, but if a female between 5 and 10 years old has not yet bred 

it may be an indication that they will not be an effective breeder and therefore not a good 

individual to move.  

This individual-based PVA methodology presented in chapter 3 can be translated into 

ongoing monitoring and conservation planning (Fantle-Lepczyk et al. 2018). Constructing 

and interpreting such a custom-made model requires expertise and experience, but as it was 

conducted using R (R Core Team 2020) it is a low-cost tool. Simulations can model the 

translocation of particular individuals and their impacts on both source and target 

populations. This is not only applicable to translocations but can be used to predict the output 

of other interventions. Modelling allows for the effects of particular conservation 

interventions to be predicted and compared without risk to individuals of a Critically 

Endangered species.  

8.2.4 Estimating carrying capacity and selection of habitat for new rhino reserves 

The results presented in this thesis are relevant to the selection of new habitat. Whilst the 

threat of extinction has not disappeared for Kenyan black rhinos, now that numbers are 

increasing, the demarcation of new reserves is a priority for KWS (KWS 2017). Estimates of 

black rhino carrying capacity are largely calculated using the availability of browse and the 

cover of plant genera such as Vachellia and Senegalia (previously classed as Acacia) 

(Adcock et al. 2007; Emslie et al. 2009), based on hypothesis that black rhinos are strict 

browsers (Owen-Smith 1992). If herbaceous plants are important to black rhino health, then 

carrying capacity assessments may have to be modified.  

Identifying new habitat in this way is part of allowing non-humans to have input into how 

conservation is conducted. Protected area placement has often been controlled by social and 

economic factors (Joppa & Pfaff 2009; Cumming & Allen 2017; Venter et al. 2018), rather 

than ecological ones. Reserves therefore cannot be guaranteed to contain habitat which is 
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optimal for any particular species (Kerley et al. 2020). This is not to say that the habitat in 

current black rhino sanctuaries is unsuitable for the rhinos, but rather that this should be 

established using scientific research. All three of these reserves were ranches, and they were 

converted into rhino sanctuaries because they were privately-owned and their owners wanted 

to do so in a time when black rhinos were at severe risk of extinction from poaching. This 

should rightly be praised, but future reserves should be sited based on the best scientific 

evidence available. Identifying habitat factors which contribute to good health and strong 

population performance in effect ‘asks’ rhinos where they should be conserved, and doing 

this provides evidence which can be used to argue against future conservation aims and 

practice being dominated by purely anthropocentric concerns and priorities. 

8.2.5 Habitat management 

As well as selecting new habitat, this work also has implications for the management of 

existing black rhino reserves. As well as environmental factors such as rainfall and soil 

characteristics, past and present land-use practices may alter the suitability of the habitat on 

each reserve. Reserves that were previously managed for livestock production may require 

restoration to mitigate changes as a result of domestic grazing (Young et al. 2005). 

Promoting herbaceous biomass to improve black rhino diets may be difficult and context 

dependent. The relationship between woody and herbaceous species in savannah habitats is 

extremely complex and is a challenge to measure (Knoop & Walker 1985; Weltzin & 

Coughenour 1990; Ludwig et al. 2004; Shorrocks & Bates 2014; Whitecross et al. 2017). 

Fires (Sheuyange et al. 2005), grazing (Tessema et al. 2011), termite activity (Okullo & Moe 

2012) and tree-felling (Savadogo et al. 2008) all have significant impact on the plant 

communities found in savannah habitats, all of which vary depending on the characteristics of 

the landscape. This thesis suggests that habitat suitability is dependent on different factors in 

different habitat types. There is therefore no one universal solution to providing good habitat 

for black rhinos. If a particular area cannot support significant herbaceous cover, then 

promoting tree cover may be the best course of action. 

If it can be established that trees limit the growth of herbaceous plants by competing for 

water or other resources (Ludwig et al. 2004), then tree clearance is an option. However, 

whilst this has been found to improve dry matter yields of grass, it has a negative impact on 

forbs (Smit 2005) and could reduce soil quality (Mills et al. 2006). Some work has suggested 
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that the presence of trees actual improves the quality of grass for herbivores (Treydte et al. 

2007).  

The characteristics and health of the soil need to be taken into account (Cardoso et al. 2011; 

Okita‐Ouma et al. 2021). In Kenya, it has been found that livestock grazing can negatively 

affect hydraulic properties such as plant available water capacity and lead to lower carbon 

and nitrogen levels (Arnhold et al. 2015). Despite this, there is evidence that the interactive 

effects of fire and herbivory are more important for controlling the balance between trees and 

grasses in savannah ecosystems (Langevelde et al. 2003). 

The Ewaso ecosystem, where the study reserves are sited, contains large populations of cattle 

(Augustine et al. 2011), and all three study reserves have pastoral grazing within their 

boundaries. The impact of cattle on the ecosystem is mediated by wildlife species, but they 

have been shown in exclosure experiments to decrease grass cover (Young et al. 2005). 

However, this depends on the grazing system, as traditional Maasai grazing methods, which 

include splitting and dispersing herds over the landscape differently in wet and dry seasons, 

can have beneficial effects on grassland (Kioko et al. 2012). Grazing and browsing interacts 

with fire dynamics, as decreasing grazing pressure could increase fuel loads, leading to more 

intense fires and decreasing tree cover, and increasing browsing pressure can add to this 

effect (Langevelde et al. 2003).  

Other wild herbivore species can impact on the availability of plant species. Whilst the 

impact of species such as elephant (Loxodonta africana) and giraffe (Giraffa spp) on browse 

availability has been investigated (Birkett 2002; Birkett & Stevens‐Wood 2005), potential 

competition between black rhino and other species which eat herbaceous plants may also be 

important. Changing herbivore communities to favour browsing could increase grass cover 

due to fire dynamics (Langevelde et al. 2003), which the results presented here suggest could 

be beneficial for black rhinos. However, in reserves where fires are suppressed, these 

dynamics will be different and the impact of changing the balance of grazing and browsing 

may have other effects.  

If black rhinos do have higher fitness in places with decent herbaceous cover, then how to 

successfully manage the habitat to achieve this will be dependent on the habitat and 

landscape in question. Other methods of improving the yield of herbaceous plants should be 

investigated in future work. 
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8.2.6 Moving from species to systems  

Black rhinos attract an extraordinary amount of effort and investment for their conservation. 

Despite the undeniable benefits for this species, the danger of species-focused approaches is 

that they may attract investment to the detriment of landscape and ecosystem-function 

approaches, as discussed in chapter 5. Conservation which manages a particular species in an 

area may be able to prevent the decline, or even promote the recovery, of that species but 

there is a danger that associated species will continue to decline (Li et al. 2020). Piecemeal 

species conservation should be avoided, and work which focuses on charismatic species such 

as the black rhino should be part of long-term plans to expand projects for the protection and 

restoration of wider ecosystems.  

One possible way of doing this is to identify and focus on keystone species and ecosystem 

engineers (de Visser et al. 2013). This methodology would be similar to the use of 

reintroductions and analogue species in rewilding projects (Griffiths et al. 2010; Smit & 

Putman 2010; Law et al. 2017). Whilst megaherbivores do have important ecological 

functions including selective herbivory and trampling (Owen-Smith 1992; van Wieren et al. 

2008; Waldram et al. 2008), seed dispersal (Dinerstein 1992; Campos-Arceiz & Blake 2011) 

and nutrient cycling (Wolf et al. 2013; Doughty et al. 2016), black rhinos are not generally 

considered to be keystones or ecosystem engineers. Instead, black rhinos have important roles 

in conservation as umbrella (KWS 2012) and flagship species (Williams et al. 2000). Long-

term plans for black rhino conservation can utilise these roles to leverage support and funding 

to move towards wholesale conservation of ecosystems and landscapes.  

This is arguably already happening in the Ewaso ecosystem which contains the three reserves 

which are the focus of this thesis (Georgiadis 2011). Fences on all three reserves are designed 

with gaps which allow all species other than rhinos to migrate in and out of them, 

maintaining the connectivity of the landscape. There is even a corridor under a highway 

which allows elephants to travel south from Lewa landscape into the Mount Kenya National 

Park (Nyaligu & Weeks 2013). The fence between Lewa and the adjacent Borana Wildlife 

Conservancy was removed in 2015, allowing black rhinos to migrate between the two along 

with the other species present.  

This region is the focus of long-term landscape scale regional planning for both biodiversity 

and livelihood development. A 2006 workshop which laid out the initial planning for this 

focused on four species; elephant, Grevy’s zebra (Equus grevyi), lion (Panthera leo) and wild 
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dog (Lycaon pictus) (Didier et al. 2011). Didier et al. (2011) acknowledged that 

‘Conservation objectives in the Ewaso Nyiro cannot be achieved by focusing only on 

traditional strongholds of biodiversity conservation. Planning and investment strategies are 

needed across much of the landscape.’ This work is therefore a great example of using 

important species as a guide for landscape-scale work and larger objectives which transcend 

both protected areas and conservation. Much of this landscape is covered by community 

conservancies which are members of the Northern Rangelands Trust (NRT) which has its 

headquarters at Lewa. NRT focuses on conservation alongside the promotion of peace and 

sustainable businesses (Wandera et al. 2020). These community conservancies cover a huge 

area and provide an opportunity to integrate species-focused conservation into wider 

conservation and social objectives. 

Rhino conservation is different from that of other species in the Ewaso landscape due to the 

threat of poaching. Despite this, new models of rhino conservation are being developed. The 

translocation of black rhinos to Sera Wildlife Conservancy, which is a member of the 

Northern Rangelands Trust group of community conservancies, in 2015 made it the first 

community-owned black rhino sanctuary in Africa (Wandera et al. 2020). Whilst poaching 

remains a threat, it will be difficult to conduct rhino conservation on a truly landscape scale 

and allow individuals to move naturally. However, growing populations in new areas can be 

utilised as flagship and umbrella populations as a part of the protection and restoration of 

ecosystems.  

8.3 Species conservation 

The second focus of this thesis is to interrogate the role of species conservation in 

contemporary conservation and how this may change in the future.  

8.3.1 Interventionist Approaches 

One aspect of this change is the increasing application of interventionist programmes in 

species conservation as the number of species which rely on human management continues to 

grow (Scott et al. 2010). Chapter 5 evaluates one of these, the One Plan Approach (OPA), its 

potential benefits and downsides, and also recommends how to give OPA projects the best 

chance of success. One of the features of the OPA is that it aims to bring together the 

historically separate zoo and wildlife management communities. In giving zoos a greater role 

in conservation, it also gives them greater responsibility. Zoos must identify where their skill 

sets are of most value and work hard to understand the social context of their projects. In 
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order to ensure that the OPA can make a significant contribution to conservation as a whole, 

zoos should be open to conserving species other than those in their collections.  

8.3.2 The changing aims and practice of conservation 

Another aspect of the OPA, and similar interventionist species focused-approaches, is their 

potential to devalue wild populations. Conservation can have many objectives and the OPA is 

one of the approaches which could be part of a movement away from the preservation and 

restoration of wilderness and wildness, and towards preventing extinction even if it involves 

long-term intensive interventions. Chapter 6 surveys people who are vital to conservation to 

test what they thought the aims and practice of conservation should be for large herbivores. 

This work finds that notions of wildness are still an important consideration for some people, 

and that increasing levels of intervention may cause objections to new conservation 

frameworks such as the OPA. Species conservation must take this into account in future 

planning. Conservation already has the capacity to maintain populations of many species 

which would decline to extinction without human intervention (Scott et al. 2010), and future 

developments of knowledge and technology will further increase this capacity. It should be 

noted that conservation should not depend on this to prevent extinctions. Even with 

concomitant increases in funding and resources, which are unlikely, many species will likely 

become extinct under a scenario of continued environmental degradation (Powers & Jetz 

2019). However, just because conservation has the capacity to prevent extinctions with 

intensive interventions, that does not mean that it should be anything other than a last resort.  

However, the work in this thesis suggests that species-focused conservation, and emerging 

frameworks such as the OPA, can be integrated into an approach which builds towards the 

restoration of ecosystems. Chapter 5 posits that species-focused work should use focal 

species to drive a larger objective of allowing species to fulfil their ecological roles under 

natural selection to benefit systems, and not just individual species.  

8.3.3 Species-focused research and hyperreality 

Chapter 7 puts species conservation into a philosophical context. Species conservation has an 

important part to play in the future of conservation. In a world of pervasive anthropogenic 

impacts, the field must find new ways to set targets that do not depend on the absence of 

humans or pre-human baselines. Species-focused research, such as that conducted in this 

thesis, is crucial in allowing non-humans to be included in setting aims for conservation. 

Conservation is in danger of becoming dominated by hyperreal representations of nature, 
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primarily developed by big corporations, which are shaping people’s perceptions of what 

nature should be.  

It is not just capitalist interests that are now involved in these world building exercises, but 

non-governmental organisations (NGOs) and other groups which carry out conservation. 

These groups use photography, videos and other technologies to attract interest and funding 

for their work. The danger lies in allowing these simulacra of the natural world to come to 

shape the aims of conservation. Conservation is an inherently biopolitical project and chooses 

what to ‘make live and let die’ (Foucault 1976). Braverman (2015) states that the 

intensification of the management in situ is the most obvious manifestation of this, using 

techniques which were previously restricted to captive populations. The One Plan Approach 

(OPA) is just one of many approaches which aim to do this.  

If these simulacra come to shape the aims of conservation, as they arguably are doing, then 

many species will lose out. Such a future will also undermine the interests of many people. 

Species-focused research can provide a buttress against these interests by allowing input into 

target setting by access animals’ umwelten, the environment as animals perceive it (von 

Uexküll 1987). Connecting environmental variables mechanistically with population 

performance allows appropriate habitat for the target species to be identified, regardless of 

whether it is inside or outside of historical ranges. This information can then be included in 

the discussion over what landscapes should look like, and which species should be present. 

Given due importance, it can buttress against conservation catering to purely anthropogenic 

priorities. 

8.4. Limitations, improving methodologies and further work 

Chapters 3 and 4 provide evidence for ways of improving the management of black rhinos. I 

believe that the general approach that this thesis takes to species-focused research can be a 

vital part of allowing non-humans to enter the debates of target-setting in conservation. By 

showing what habitat black rhinos are suited to, their biology can be used to suggest areas in 

which they should be conserved.  

However, there are limitations to this work which I outline here. This is the first time that this 

type of population model has been used to model black rhino populations, and the first 

integrated study of the diet, microbiome and nemabiome of black rhinos that attempts 

explicitly uses this to link habitat with breeding success.  As such, there are opportunities for 
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future research to build on the results presented by expanding the spatial and temporal scale 

of studies, as well as adding other complementary methods. 

8.4.1 Population modelling 

Include paternities 

Whilst ‘female dominance’ is a commonly used assumption in mammal population 

modelling, this is not always valid (Caswell 2000). Even if population growth is not limited 

in the short term by the availability of males, male reproductive skew may have an impact on 

black rhino populations over longer time periods. High male reproductive skew occurs in 

black rhino populations (Garnier et al. 2001), reduces the effective population size, and may 

lead to faster loss of genetic diversity, especially in small populations (Miller et al. 2009). 

Intraspecies competition may also be an important factor in black rhino dynamics and may 

mediate the advantages that older females seem to have over younger ones (Linklater et al. 

2012; Gedir et al. 2017). Assigning paternities in black rhinos is difficult and requires genetic 

work (Cain et al. 2014) but including them in modelling work would allow for more accurate 

simulations of future demography and genetic diversity.  

Having data on paternities would also improve research which establishes biomarkers which 

indicate breeding performance on an individual basis. In chapter 3 female breeding success is 

measured using lifetime rate of yearling production. Rate of calving can be estimated for 

males on Lewa and Ol Jogi, but as paternities are uncertain this is not completely reliable. 

Having an accurate measure of male breeding success would allow future research to link this 

to health and habitat factors. 

8.4.2 Factors limiting population growth   

More reserves and environments 

The three reserves studied in this thesis represent a range of habitat types, but they generally 

contain Vachellia drepanolobium wooded grassland along with other types of savannah 

woodland and shrubland (Adcock et al. 2007). The three subspecies of black rhinos exist in a 

huge range of habitats from the deserts of Namibia to the dense forest of the Aberdare 

National Park in Kenya. Expanding sampling to study populations in different habitats across 

the whole range of black rhinos would improve biological understanding of the species and 

further inform conservation planning.  
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Longer period of data collection – mismatch between breeding metrics and metabarcoding 

data 

One of the primary limitations of the work in chapter 4 is the mismatch between the temporal 

resolution of breeding performance metrics and the metabarcoding, nutrient and faecal egg 

count data. Faecal sampling spanned a dry season and a wet season across a period of ten 

months. This allows for analysis to take account of differences in rainfall, which is a vital 

consideration for large ungulate biomass in east Africa (Fritz & Duncan 1994). However, 

breeding data spans the entire lifetime of an individual. Past breeding performance may 

therefore have been affected by factors which are not accounted for in our analysis. For 

example, changes in plant community or shifts in home ranges may affect the diet available 

to an individual. Social dynamics may also affect the stress which an individual experiences 

(Van Meter et al. 2009), along with changes in interactions with other species (Brain et al. 

1999).  

It is difficult to assess how changes in diet and gut health affect mortality rates over a 

relatively short period of data collection. It has been suggested that survivorship could be 

more useful than fecundity as an indicator of fitness (Crone 2001). Chapter 3 presents 

evidence that differences in mortality rates contribute to the higher risk of extinction on Ol 

Jogi. None of the individuals included in the study died between sampling periods or shortly 

after the second period. Whilst metrics such as body condition can be used as a proxy for 

overall health (Reuter & Adcock 1998) the direct impact of gut health on mortality cannot be 

described here. 

Future research which aims to more closely connect gut health with mortality and breeding 

should use a longitudinal study design. Following individuals for long periods of time, 

recording the environmental, social and inter-species interactions which may affect their 

mortality and fecundity while repeatedly collecting faecal samples would allow for 

environmental changes to be accounted for in analyses and closely link them to variations in 

diet and gut health and finally mortality and breeding success. This type of study design 

would allow for the investigation of trade-offs in habitat use. For example, we may expect 

black rhinos to be more vulnerable to predation in areas of low woody cover (le Roex et al. 

2019). A long-term study that records mortality and breeding events in varying habitats could 

disentangle the various pressures that black rhinos face and their effect on fitness and 

population performance. 
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Biomarkers 

This research has identified some potential biomarkers which could be candidates for future 

research to link habitat and black rhino fitness. These include the diversity of dietary plants 

consumed, the proportion of herbaceous plants eaten, the diversity of the nemabiome, the 

strongyle parasite burden as measured by faecal egg counts and nutrient content of faecal 

samples. 

As far as possible, I used a range of biomarkers in this study, to establish which ones are 

relevant to black rhino health and fitness. Biological and physiological responses to 

environmental stressors are incredibly complex (Todgham & Stillman 2013). Studies which 

only employ single biomarkers, especially those which have not been properly validated, can 

give an incomplete or even misleading picture of organisms’ responses to stressors (Touma & 

Palme 2005). Multi-tool approaches, and the combination of biomarkers from multiple 

physiological pathways may provide more reliable information on the mechanisms driving 

low fitness and poor population performance (Madliger et al. 2018).  

The samples collected during this project were also used by to measure thyroid hormone 

levels (Burton 2020). Enzyme-linked immunosorbent assays (ELISAs) were used to measure 

the levels of tri-iodothyronine (T₃) levels in faecal samples. Low T₃ levels indicate nutritional 

stress (Wasser et al. 2010) and Burton (2020) found that T₃ levels positively correlated with 

dry matter intake (DMI), one of the measures of nutrition used in chapter 4 (Figure 8.1). 

Samples sizes were small, but this suggests that T₃ is a promising potential biomarker for 

black rhino. 
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Future work could focus on identifying other biomarkers from a range of biological pathways 

to improve knowledge of black rhino biology and conservation. This could use methods from 

conservation physiology (Cooke & O’Connor 2010) including endocrinology (McCormick & 

Romero 2017), immunoglobulins (Sparks et al. 2018) and inflammatory markers such as 

calprotectin and lactoferrin which can limit the growth of vital gut bacteria (Mao et al. 2012). 

Behavioural markers (Archie & Chiyo 2012) and metabolic indicators such as heart rate 

(Nimon et al. 1996; Weimerskirch et al. 2002) can also be used 

Whilst fibre and nitrogen content are important for black rhino diet quality (Wrench et al. 

1997), they are not the only characteristics which affect diet choice. Phosphorus content is 

also important for browsers (Landman et al. 2013) and other work has indicated that 

secondary metabolites such as phenol and alkaloids can influence the plants which rhinos 

choose to eat (Muya & Oguge 2000). Further work should investigate how these other 

nutrients vary across environmental gradients and correlate with gut health.  

8.4.3 Opinions of wilderness and the aims of conservation 

Whilst respondents to the survey in chapter 6 are vital to the field of conservation, they do not 

represent all the groups which are important for success. Mostly notably, professionals and 

conservation supporters in developing countries, as well as people very concerned with 

Figure 8.1 T3 concentration (ng/g) is positively correlated with dry matter intake in black 

rhinos. Modified from Burton (2020) 
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animal welfare and opposed to zoos are not represented. Future research should focus on 

these groups. The study does have respondents from conservation professionals directly 

involved in the conservation of black rhinos and other large herbivores, but this could be 

expanded to include groups and NGOs which do not operate internationally and were not 

contacted. It would be especially interesting to interrogate the views of non-professionals 

who are directly affected by the conservation of these species. This could include 

communities surrounding black rhino sanctuaries in Kenya or other range states. Similar 

research in Kenya has focused on conflict between humans and predators or elephants 

(Romañach et al. 2007; Okello et al. 2016) and the opinions of these people on topics such as 

fencing are likely to be markedly different from that of the UK public.  

This research is not just applicable to African large herbivores. Large mammal populations, 

of both herbivores and carnivores, are recovering in Europe (Chapron et al. 2014; Speed et al. 

2019) and will be living in proximity with large human populations (Chapron & López-Bao 

2016). The opinions of the communities which will be living with these increasing mammal 

populations are vital to the success of co-existence (Carter & Linnell 2016). Assessing what 

these communities think the aims of conservation should be in this context, in a similar 

methodology to that in chapter 6 is vital to future planning. 

8.5 Conclusions 

This thesis features an inherent contradiction. Its main focus is the conservation of a 

charismatic species which is largely conserved on safari reserves which, in turn, are marketed 

to tourists as spectacular representations of nature. Simultaneously, I posit that for the benefit 

of conservation as a whole, organisations which carry out species-focused work should not 

just focus on the conservation of charismatic species which is funded by commodifying 

encounters with humans. However, chapter 5, using the OPA as an example, and chapter 7 

outline how species-focused work can be a vital part of the future of conservation. Species 

conservation should be used to leverage support for plans which protect and restore 

ecosystems. These plans should be interdisciplinary and bring together the expertise required, 

dependent not on its disciplinary origin, but rather on the threats faced and the interventions 

required. Work that mechanistically connects habitat with individual health and population 

performance demonstrates what habitat that particular species should be conserved in. In a 

world where past and contemporary human activity restricts species to certain areas, and 

where future changes will continue to cause range shifts, similar work will be vital to ensure 

that conservation is not dominated by the interests of powerful people.  
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What would the world be, once bereft 

Of wet and of wildness? Let them be left, 

O let them be left, wildness and wet; 

Long live the weeds and the wilderness yet. 

Inversnaid (1881) – Gerard Manley Hopkins 
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Appendix 3.1 

Choice of smoothing term 
 

 

Figure A.3.1.1 The AIC values of the breeding GAM with different k-values. A value of 7 for k was 

selected 
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Figure A.3.1.2 The AIC values of the breeding GAM with different k-values. A value of 7 for k was 

selected 
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Using DHARMa to test distributional assumptions 

Breeding 

 

 

 

 

Figure A.3.1.3 Diagnostic DHARMa plots for the breeding GAM. 
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Mortality 

 

 

Figure A.3.1.4 Diagnostic DHARMa plots for the mortality GAM. 
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Appendix 3.2 Formulation of the stochastic individual-based 

model 
Description of the individual-based model using the ODD protocol described by Grimm et al. 

(2006).  

Purpose 

There are two main purposes of this model. The first is to evaluate the differences in 

population viability between three discrete Kenyan populations of eastern black rhinos. The 

second is to understand the effect of female reproductive skew on these populations under 

different poaching pressures. 

State variables and scales 

The models were formed at the level of individual females. Individuals are characterised by 

three state variables, their age (a, integer between 0 and 40 in years), the population they 

belong to (Lewa L, Ol Jogi J, or Ol Pejeta, P) and their reproductive value (v). As the 

populations were discrete, the three models were separate with no movement of individuals 

between them. Each population is characterised by the number of individuals at each age in 

each year.  

Process overview and scheduling 

The models proceed in annual time steps. Within each year or time step, 2 phases are 

processed: birth and then mortality. This order was selected in order to allow females to 

reproduce and die in the same year. In each year, based on age, population and reproductive 

value females had a given probability of reproduction or mortality. An overview of the life-

cycle and transition probabilities for Lewa is given in figure 1 L is replaced with P for Ol 

Pejeta and J for Ol Jogi.  
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Figure A3.2.1 Schematic of the life-cycles for the individual-based stochastic projection model for 

female eastern black rhinos on each of the three reserves. Colour denotes reserve. Each individual at 

each age (𝑎) had mean annual predicted birth probabilities of 𝑓L,v,𝑎 (Lewa), 𝑓J,v,𝑎 (Ol Jogi) or 

𝑓P,v,𝑎 (Ol Pejeta), and mean annual predicted mortality probabilities of µL,𝑎 (Lewa) and µJ,𝑎 (Ol 

Jogi) or µP,𝑎 (Ol Pejeta). All individuals born were females at age 0. Individuals below the 5 were 

given a breeding probability of 0. Individuals living past the age of 40 were removed from the 

analysis. 

Design concepts 

Interaction: Interactions that cause density dependence were modelled implicitly. When the 

population was over 75% of the estimated ecological carrying capacity for each reserve, 

mortality increased and reproduction decreased with population size. Density dependence 

was modelled to act on the population by affecting the environmental stochasticity. 
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Stochasticity: Either at initialisation of the model or at birth, individuals were assigned a 

reproductive value drawn from a Poisson distribution created using the historical variation in 

reproductive success of females across the three reserves. The baseline size of environmental 

stochasticity was estimated separately for the breeding and mortality rates and separately for 

each reserve using the standard deviation of the total birth and mortality rates over time on 

each reserve. The environmental stochasticity in a particular year was drawn from a truncated 

normal distribution. For the breeding rate, this distribution was truncated at 0.5 and -0.5, the 

mean was 0 – density dependence and the standard deviation was the baseline environmental 

stochasticity + density dependence. For the mortality rate, this distribution was truncated at 

0.5 and -0.5, the mean was 0 + density dependence and the standard deviation was the 

baseline environmental stochasticity + density dependence. Overall, this means that at larger 

population sizes, breeding rates were lower and more variable and mortality rates were higher 

and more variable. Birth and mortality are interpreted as binary events drawn from the 

Bernoulli distribution for each individual from each reserve, with a probability from the mean 

age-specific probability from the birth and mortality models, modified by the reproductive 

value of the individual, environmental stochasticity and density dependence.  Observation: 

For analysis, we recorded the population-level variable of population size. We also recorded 

the number of simulations that reached a population of 0 over 100 years, and the proportion 

of 500 simulations that reached 0 was recorded as extinction rate.  

 

Initialisation and input 

We began the projection with the age-structure present at the end of 2019 for Lewa and Ol 

Jogi, and the end of 2017 for Ol Pejeta. We cannot present the starting age-structure due to 

confidentiality. Demographic stochasticity was incorporated by performing 500 iterations of 

the projection model. We projected forward 100 years. For this projection, age-specific birth 

and mortality probabilities were averaged across the study period from the model predictions 

with the highest predictive performance. Explicitly, the mean age specific predicted birth 

probability, 𝑝(age specific 𝑏𝑖𝑟𝑡ℎ), is given by the following binomial additive models 

𝑝(𝑎𝑔𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑏𝑖𝑟𝑡ℎ) = [1 + 𝑒−(𝑅0+𝑓(𝑎))]
−1

 

Where R0 is the intercept dependent on the reserve , and the function 𝑓 () describes a thin 

plate regression spline smoother at age 𝑎.  
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The mean age-specific predicted mortality probability, 𝑝(age specific 𝑚𝑜𝑟𝑡), is given by the 

following binomial additive model 

𝑝(𝑎𝑔𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑑𝑒𝑎𝑡ℎ) = [1 + 𝑒−(𝑅0+𝑓(𝑎))]
−1

 

 

For a particular individual in a particular year 𝑝(𝑏𝑖𝑟𝑡ℎ) was given by the following equation 

𝑝(𝑏𝑖𝑟𝑡ℎ) = 𝑝(𝑎𝑔𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑏𝑖𝑟𝑡ℎ) + 𝑣 + 𝑏 

Where v is the reproductive value of the female and b is the environmental stochasticity 

modified by density dependence. 

For a particular individual in a particular year 𝑝(mort) was given by the following equation 

𝑝(𝑚𝑜𝑟𝑡) = 𝑝(𝑎𝑔𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑚𝑜𝑟𝑡) + 𝑑 

Where d is the environmental stochasticity modified by density dependence. 
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Appendix 3.3 Calculation of long term population growth rate 

 

Figure A3.3.1 Average growth rates of the projections of each population over 500 simulations 
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Appendix 3.4 Projections for Lewa and Ol Pejeta 
 

 

 

 

Figure A 3.4.1 A comparison of the population projections for Lewa a) without and b) with female 

reproductive skew. 

a) 

b) 
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Figure A 3.4.2 A comparison of the population projections for Ol Pejeta a) without and b) with female 

reproductive skew. 

 

a) 

b) 
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Appendix 3.5 Lewa and Ol Pejeta elasticities 
 

 

Figure A3.5.1 Elasticities both vital rates for Lewa 

 

Figure A3.5.2 Elasticities both vital rates for Ol Pejeta 
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Appendix 4.1 - Primers 

Amplicon 

Diet 

Forward - trnL(UAA)g – GGGCAATCCTGAGCCAA 

Reserve - trnL(UAA)h – CCATTGAGTCTCTGCACCTATC 

 

Bacteria 

Forward – GTGCCAGCMGCCGCGGTAA 

Reverse – TAATCTWTGGGVHCATCAGG 

 

Nemabiome 

Forward – NC1 -  ACGTCTGGTTCAGGGTTGTT 

Reverse – NC2 – TTAGTTTCTTTTCCTCCGCT 

With Illumina adapters 

Forward 

NC1_with_Illumina_Adapter_(0N)

 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGACGTCTGGTTCAGGGTTGTT 

NC1_with_Illumina_Adapter_(1N)

 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNACGTCTGGTTCAGGGTTGTT 

NC1_with_Illumina_Adapter_(2N)

 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNACGTCTGGTTCAGGGTTGTT 

NC1_with_Illumina_Adapter_(3N)

 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNNACGTCTGGTTCAGGGTTGTT 

Reverse 

NC2_with_Illumina_Adapter_(0N)

 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTAGTTTCTTTTCCTCCGCT 

NC2_with_Illumina_Adapter_(1N)

 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGNTTAGTTTCTTTTCCTCCGCT 

NC2_with_Illumina_Adapter_(2N)

 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGNNTTAGTTTCTTTTCCTCCGCT 

NC2_with_Illumina_Adapter_(3N)

 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGNNNTTAGTTTCTTTTCCTCCGCT 
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Index 
N501_i5 – TAGATCGC 

N502_i5 - CTCTCTAT 

N503_i5 - TATCCTCT 

N504_i5 - AGAGTAGA 

N505_i5 - GTAAGGAG 

N506_i5 - ACTGCATA 

N507_i5 - AAGGAGTA 

N508_i5 – CTAAGCCT 

N510_i5 - CGTCTAAT 

N511_i5 - TCTCTCCG 

N513_i5 - TCGACTAG 

N515_i5 - TTCTAGCT 

N516_i5 - CCTAGAGT 

N517_i5 - GCGTAAGA 

N518_i5 - CTATTAAG 

N520_i5 - AAGGCTAT 

 

N701_i7 - TCGCCTTA 

N702_i7 - CTAGTACG 

N703_i7 - TTCTGCCT 

N704_i7 - GCTCAGGA 

N705_i7 - AGGAGTCC 

N706_i7 - CATGCCTA 

N707_i7 - GTAGAGAG 

N708_i7 - CCTCTCTG 

N709_i7 - AGCGTAGC 

N710_i7 - CAGCCTCG 

N711_i7 - TGCCTCTT 

N712_i7 – TCCTCTAC 

N714_i7 - TCATGAGC 

N715_i7 - CCTGAGAT 



331 

N716_i7 - TAGCGAGT 

N718_i7 - GTAGCTCC 

N719_i7 - TACTACGC 

N720_i7 - AGGCTCCG 

N721_i7 - GCAGCGTA 

N722_i7 - CTGCGCAT 

N723_i7 - GAGCGCTA 

N724_i7 - CGCTCAGT 

N726_i7 - GTCTTAGG 

N727_i7 – ACTGATCG 

Full index 

Forward 

N501_i5

 AATGATACGGCGACCACCGAGATCTACACTAGATCGCTCGTCGGCAGCGTC 

N502_i5

 AATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC 

N503_i5

 AATGATACGGCGACCACCGAGATCTACACTATCCTCTTCGTCGGCAGCGTC 

N504_i5

 AATGATACGGCGACCACCGAGATCTACACAGAGTAGATCGTCGGCAGCGTC 

N505_i5

 AATGATACGGCGACCACCGAGATCTACACGTAAGGAGTCGTCGGCAGCGTC 

N506_i5

 AATGATACGGCGACCACCGAGATCTACACACTGCATATCGTCGGCAGCGTC 

N507_i5

 AATGATACGGCGACCACCGAGATCTACACAAGGAGTATCGTCGGCAGCGTC 

N508_i5

 AATGATACGGCGACCACCGAGATCTACACCTAAGCCTTCGTCGGCAGCGTC 

Reverse 

N701_i7 CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTCTCGTGGGCTCGG 

N702_i7 CAAGCAGAAGACGGCATACGAGATCTAGTACGGTCTCGTGGGCTCGG 

N703_i7 CAAGCAGAAGACGGCATACGAGATTTCTGCCTGTCTCGTGGGCTCGG 

N704_i7 CAAGCAGAAGACGGCATACGAGATGCTCAGGAGTCTCGTGGGCTCGG 

N705_i7 CAAGCAGAAGACGGCATACGAGATAGGAGTCCGTCTCGTGGGCTCGG 

N706_i7 CAAGCAGAAGACGGCATACGAGATCATGCCTAGTCTCGTGGGCTCGG 
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N707_i7 CAAGCAGAAGACGGCATACGAGATGTAGAGAGGTCTCGTGGGCTCGG 

N708_i7 CAAGCAGAAGACGGCATACGAGATCCTCTCTGGTCTCGTGGGCTCGG 

N709_i7 CAAGCAGAAGACGGCATACGAGATAGCGTAGCGTCTCGTGGGCTCGG 

N710_i7 CAAGCAGAAGACGGCATACGAGATCAGCCTCGGTCTCGTGGGCTCGG  

N711_i7 CAAGCAGAAGACGGCATACGAGATTGCCTCTTGTCTCGTGGGCTCGG 

N712_i7 CAAGCAGAAGACGGCATACGAGATTCCTCTACGTCTCGTGGGCTCGG  
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Appendix 4.2 – Comparison of linear and polynomial regressions 
 

Table A4.2.1 A polynomial regression of crude protein against vegetation cover and rainfall presented 

a lower AIC than a linear regression 

 
 

Table A4.2.2 A polynomial regression of number of calves against vegetation cover age and the 

interaction between the two presented a lower AIC than a linear regression 
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Appendix 4.3 – Relative abundance tables 

Reserve 
 

Table A4.3.1 Relative abundance (%) of different plant families identified in samples from the three 

study reserves 

Plant family  Lewa Ol Jogi Ol 

Pejeta 

Fabaceae 42.20821 73.61435 17.37961 

Ebenaceae 19.26954 10.43555 46.53261 

Poaceae 10.84044 3.042057 17.18118 

Malvaceae 13.40259 5.930153 0.579555 

Rhamnaceae 0.209214 0.384027 10.4175 

Asparagaceae 0.438131 0.866253 4.267747 

Amaranthaceae 4.263452 0.622335 0.41385 

Asteraceae 3.895536 0.363861 0.729933 

Celastraceae 3.377875 0.181668 0.668208 

Phyllanthaceae 0.048363 2.270846 0.59944 

Euphorbiaceae 1.300423 0.960419 0.017399 

Zygophyllaceae 0.074873 1.055987 0.042255 

Onagraceae 0.02651 0.068213 0.653708 

Cyperaceae 0.002866 0.000701 0.437877 

Rubiaceae 0.297342 0.024199 0.010771 

Aizoaceae 0.133983 0.014554 0.004143 

Moraceae 0.12646 0 0 

Geraniaceae 0.007523 0.06646 0.026927 

Capparaceae 0 0.059621 0.013256 

Loranthaceae 0.021136 0.014554 0 

Polygalaceae 0.017554 0.004209 0 

Crassulaceae 0.001433 0.00228 0.017813 

Meliaceae 0.016837 0 0 

Lamiaceae 0.01433 0 0 

Santalaceae 0 0.014028 0 

Oxalidaceae 0 0 0.006214 

Combretaceae 0.002866 0.00263 0 

Nyctaginaceae 0.002508 0 0 

Passifloraceae 0 0.001052 0 

 

Table A4.3.2 Relative abundance (%) of different plant genera identified in samples from the three 

study reserves 

Plant genus Lewa Ol Jogi Ol 

Pejeta 

Euclea 21.70986 10.68846 50.42196 

Vachellia 19.00849 40.69036 17.89273 

Senegalia 3.764485 26.3051 0 

Cenchrus 7.412325 1.652544 9.18742 

Indigofera 13.35429 2.738973 0.553481 

Grewia 10.0019 5.297623 0.267538 
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Scutia 0.180011 0.383995 10.19248 

Chamaecrista 6.472718 3.382138 0.160254 

Asparagus 0.493617 0.878627 4.624459 

Digitaria 2.978249 0.567192 1.372255 

Mystroxylon 3.805653 0.186071 0.724059 

Achyranthes 2.91569 0.212113 0.081249 

Phyllanthus 0.054488 2.325882 0.649543 

Rhynchosia 2.641234 0.05927 0.111773 

Hibiscus 0.977951 0.415067 0.1212 

Balanites 0.084355 1.08158 0.045787 

Rhamnus 0.051662 0.00467 1.095739 

Euphorbia 0.426617 0.637238 0 

Acalypha 0.946469 0.03161 0.018853 

Ludwigia 0.029867 0.069866 0.708348 

Vigna 0.064578 0.703153 0.010324 

Themeda 0.003229 0.085492 0.620365 

Amaranthus 0.605014 0.009878 0.043093 

Glycine 0.096463 0.438595 0.083045 

Crotalaria 0.129559 0.357773 0.004938 

Cyperus 0.003229 0.000718 0.474476 

Aerva 0.165884 0.041848 0.204694 

Croton 0.084355 0.298144 0 

Pentanisia 0.334998 0.024785 0.011671 

Atriplex 0.159427 0.061784 0.051173 

Eriochloa 0.137632 0.002514 0.064191 

Aspilia 0.147722 0.007364 0.045338 

Chenopodium 0.059735 0.070944 0.018853 

Melhania 0.146511 0.002874 0 

Zaleya 0.124312 0.014907 0.004489 

Ficus 0.142475 0 0 

Sida 0.063771 0.011135 0.037258 

Monsonia 0.008476 0.06807 0.029178 

Aristida 0.00444 0.066633 0.005387 

Corchorus 0.061349 0 0 

Medicago 0.01453 0.030892 0.011222 

Plicosepalus 0.023813 0.014907 0 

Tetragonia 0.026638 0 0 

Alternanthera 0.017759 0.003233 0.003142 

Polygala 0.019777 0.004311 0 

Turraea 0.01897 0 0 

Erythrococca 0 0.016703 0 

Capparis 0 0.001257 0.014364 

Osyridicarpos 0 0.014368 0 

Crassula 0 0 0.011671 

Kalanchoe 0.001614 0.002335 0.007631 

Brachiaria 0.006054 0.003592 0 

Ziziphus 0.004036 0.00467 0 

Dracaena 0 0.008621 0 
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Kleinia 0 0 0.007631 

Oxalis 0 0 0.006733 

Hermannia 0 0.006107 0 

Combretum 0.003229 0.002694 0 

Xanthium 0 0.005388 0 

Helichrysum 0.004036 0 0 

Eragrostis 0.003633 0 0 

Commicarpus 0.002825 0 0 

Dysphania 0 0.001796 0 

Stylosanthes 0 0.001616 0 

Zornia 0 0.001437 0 

Adenia 0 0.001078 0 

 

Table A4.3.3 Relative abundance (%) of different bacterial phyla identified in samples from the three 

study reserves 

Bacterial phylum Lewa Ol Jogi Ol 

Pejeta 

Bacteroidota 35.2575 36.02976 32.34551 

Firmicutes 32.51185 27.48261 29.92946 

Verrucomicrobiota 14.62228 17.21968 18.09195 

Proteobacteria 12.57537 10.19839 4.660301 

Spirochaetota 2.084169 4.577786 10.01978 

Fibrobacterota 0.433754 1.990786 2.631131 

Cyanobacteria 1.203509 1.670938 1.51227 

Thermoplasmatota 0.262795 0.224989 0.345866 

Desulfobacterota 0.5817 0.067275 0.161465 

Halobacterota 0.136548 0.260363 0.058024 

Armatimonadota 0.155398 0.04485 0.101922 

Elusimicrobiota 0.064 0.077593 0.054986 

Actinobacteriota 0.030247 0.083594 0.049822 

Synergistota 0.070137 0.040955 0.037518 

Chloroflexi 0.01074 0.008212 0 

Planctomycetota 0 0.011371 0 

Patescibacteria 0 0.010844 0 

 

Table A4.3.4 Relative abundance (%) of different nematode genera identified in samples from the 

three study reserves 

Nematode genus Lewa Ol Jogi Ol 

Pejeta 

Kiluluma 75.91904 94.43634 79.63846 

Haemonchus 21.60311 4.935643 3.077702 

Murshidia 0 0.31539 13.19899 

Trichostrongylus 0.546244 0.04476 1.258731 

Quilonia 0 0 1.615613 

Strongylus 1.020203 0.000864 0 

Teladorsagia 0.153515 0.04234 0.720194 

Cylicostephanus 0.54699 0.012443 0 

Oesophagostomum 0.194502 0.127193 0.213807 
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Khalilia 0 0 0.273288 

Cooperia 0 0.047525 0 

Cylicocyclus 0.008943 0.022639 0.003215 

Meloidogyne 0 0.009851 0 

Cyathostomum 0.007452 0 0 

Triodontophorus 0 0.005012 0 

 

Rainfall 

Table A4.3.5 Relative abundance (%) of different plant families identified in samples collected during 

periods of differing rainfall 

Plant family 7.48mm - 

27.5mm 

27.6mm -

40.0mm 

40.1mm-

72.1mm 

72.2mm-

203.5mm 

Fabaceae 72.45016 43.21716 53.89173 25.05272 

Ebenaceae 10.8697 27.77653 17.77978 35.56738 

Poaceae 2.116641 7.252876 9.568365 19.54006 

Malvaceae 5.209297 9.351812 9.357516 3.427221 

Rhamnaceae 1.686175 3.405691 0.7887 5.385839 

Amaranthaceae 0.367098 2.774799 2.45211 1.271636 

Asparagaceae 0.960962 1.939808 0.624614 3.134653 

Asteraceae 0.23502 1.096601 2.003691 3.078446 

Phyllanthaceae 2.14529 0.95131 0.82419 0.731179 

Celastraceae 0.914346 1.091412 1.743992 0.773935 

Euphorbiaceae 1.373704 0.735103 0.45677 0.334843 

Zygophyllaceae 1.490243 0.065294 0.018371 0 

Onagraceae 0.046616 0.248205 0.026721 0.581772 

Cyperaceae 0 0 0.00167 0.511633 

Rubiaceae 0.017724 0.013405 0.151978 0.252694 

Aizoaceae 0 0.006919 0.103546 0.097523 

Geraniaceae 0 0 0.159494 0.039874 

Moraceae 0 0 0 0.169584 

Capparaceae 0.084248 0.003027 0.003758 0.004324 

Loranthaceae 0.004856 0.041944 0.003758 0.007687 

Polygalaceae 0.004856 0.006919 0.005428 0.01153 

Crassulaceae 0 0.010378 0.002505 0.014412 

Santalaceae 0.014325 0 0.008768 0 

Lamiaceae 0 0 0.016701 0 

Meliaceae 0.008012 0 0.005845 0 

Combretaceae 0.000728 0.005189 0 0.003843 

Oxalidaceae 0 0 0 0.007206 

Nyctaginaceae 0 0.003027 0 0 

Passifloraceae 0 0.002594 0 0 
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Table A4.3.6 Relative abundance (%) of different plant genera identified in samples collected during 

periods of differing rainfall 

Plant genus 7.48mm - 

27.5mm 

27.6mm -

40.0mm 

40.1mm-

72.1mm 

72.2mm-

203.5mm 

Vachellia 40.0545 30.31421 28.87015 11.69316 

Euclea 10.99109 29.13713 19.87176 39.9702 

Senegalia 29.82078 4.869796 10.11928 1.024683 

Cenchrus 1.304102 5.077088 5.036072 11.19485 

Indigofera 1.292318 4.771819 10.97418 5.543978 

Grewia 4.757813 7.384072 7.336183 1.885784 

Chamaecrista 1.476199 4.462467 3.71079 6.166454 

Scutia 1.600422 3.150671 0.845101 5.40631 

Asparagus 0.967766 2.020312 0.698106 3.522686 

Digitaria 0.30123 0.847769 1.675735 3.728918 

Phyllanthus 2.169249 0.997909 0.921164 0.82169 

Mystroxylon 0.924557 1.144874 1.949191 0.869739 

Achyranthes 0.22267 2.003529 1.251085 0.313667 

Rhynchosia 0.00712 0.790616 1.251085 1.441467 

Hibiscus 0.362605 0.489429 0.659375 0.558771 

Vigna 0 0.008165 1.893193 0.012417 

Balanites 1.506886 0.068493 0.020533 0 

Euphorbia 0.908109 0.303909 0.103129 0.008098 

Crotalaria 0.005401 0.003629 0.121329 1.098106 

Rhamnus 0.0982 0.421843 0.036399 0.640832 

Acalypha 0.072177 0.350175 0.407384 0.336882 

Ludwigia 0.047136 0.260364 0.029866 0.653789 

Glycine 0.429627 0.102512 0.216992 0.229447 

Themeda 0.052537 0.158758 0.221191 0.447017 

Amaranthus 0 0.012701 0.525913 0.267238 

Cyperus 0 0 0.001867 0.574967 

Croton 0.385928 0.117028 0 0.021055 

Aerva 0.03928 0.141522 0.080264 0.246183 

Pentanisia 0.017922 0.014061 0.16986 0.283974 

Atriplex 0.028724 0.168737 0.039665 0.150625 

Eriochloa 0 0.043545 0.063931 0.143067 

Chenopodium 0.049346 0.043092 0.055065 0.092319 

Aspilia 0.007856 0.08074 0.07653 0.072343 

Monsonia 0 0 0.17826 0.04481 

Zaleya 0 0.004536 0.115729 0.077202 

Ficus 0 0 0 0.190576 

Aristida 0.001719 0.037195 0.128328 0.016196 

Melhania 0.00221 0.05171 0.08213 0.04319 

Sida 0.013257 0.028123 0.078864 0.009718 

Medicago 0 0.010886 0.083997 0.015656 

Corchorus 0 0 0.032199 0.04481 
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Plicosepalus 0.00491 0.043999 0.0042 0.008638 

Tetragonia 0 0.002722 0 0.032393 

Polygala 0.00491 0.007258 0.006066 0.012957 

Alternanthera 0.004419 0 0.011666 0.014037 

Osyridicarpos 0.014485 0 0.0098 0 

Erythrococca 0.022832 0 0 0 

Dracaena 0.003928 0.014515 0 0 

Kalanchoe 0 0.003629 0.0028 0.010798 

Xanthium 0 0 0 0.016196 

Hermannia 0.000737 0.00499 0.009333 0 

Turraea 0.008102 0 0.006533 0 

Capparis 0.00491 0.003175 0.0014 0.004859 

Crassula 0 0.007258 0 0.005399 

Brachiaria 0.00491 0 0.007 0 

Ziziphus 0.006383 0 0 0.005399 

Combretum 0.000737 0.005443 0 0.004319 

Oxalis 0 0 0 0.008098 

Kleinia 0 0.007711 0 0 

Eragrostis 0 0 0 0.004859 

Stylosanthes 0 0 0 0.004859 

Helichrysum 0 0 0.004666 0 

Dysphania 0 0 0.004666 0 

Zornia 0 0 0 0.004319 

Commicarpus 0 0.003175 0 0 

Adenia 0 0.002722 0 0 
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Appendix 4.4 – Dispersion of diets and microbiome by reserve 
 

Dietary dispersion by reserve 

 

Figure A.4.4.1 Dispersion (distance to centroid) of all diet samples on each reserve 

 

Microbiome dispersion by reserve 

 

Figure A.4.4.2 Dispersion (distance to centroid) of all microbiome samples on each reserve 
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Appendix 4.5 – Full co-occurrence analysis results 
 

Plant 

genus 

Bacterial family Bacterial gensu rho p.value 

Senegalia Lachnospiraceae Lachnospira 0.277593 0.000168 

Senegalia Planococcaceae Kurthia 0.276025 0.000184 

Senegalia Moraxellaceae Acinetobacter 0.274 0.000206 

Senegalia Methanocorpusculaceae Methanocorpusculum 0.244732 0.000961 

Senegalia Erysipelotrichia [Anaerorhabdus] furcosa group 0.225834 0.002369 

Senegalia Planococcaceae Solibacillus 0.190091 0.010812 

Senegalia Acholeplasmataceae EMP-G18 0.180408 0.015664 

Senegalia Oligosphaeraceae Z20 0.178792 0.016637 

Senegalia Weeksellaceae Chishuiella 0.170329 0.022633 

Senegalia Planococcaceae Caryophanon 0.158412 0.034179 

Senegalia Endomicrobiaceae Endomicrobium 0.158093 0.034547 

Euclea Lachnospiraceae Lachnospiraceae UCG-009 0.285251 0.000109 

Euclea Lachnospiraceae [Eubacterium] hallii group 0.240212 0.0012 

Euclea Prevotellaceae Prevotellaceae Ga6A1 group 0.234986 0.001544 

Euclea Oligosphaeraceae horsej-a03 0.216857 0.003548 

Euclea Eubacteriaceae Eubacterium 0.183693 0.013839 

Euclea Oscillospiraceae Papillibacter 0.179531 0.016186 

Euclea Lachnospiraceae Lachnospiraceae ND3007 

group 

0.179285 0.016334 

Euclea Lachnospiraceae Butyrivibrio 0.175942 0.01848 

Euclea Cyanobiaceae Cyanobium PCC-6307 0.172078 0.02126 

Euclea Fibrobacteraceae Fibrobacter 0.160341 0.032026 

Euclea Lachnospiraceae Lachnospiraceae UCG-003 0.159754 0.032669 

Euclea Lachnospiraceae Lachnospiraceae AC2044 

group 

0.155488 0.037675 

Euclea Beijerinckiaceae Methylobacterium-

Methylorubrum 

0.146817 0.049861 

Cenchrus Oscillospiraceae UCG-002 0.277201 0.000172 

Cenchrus Lachnospiraceae Shuttleworthia 0.266394 0.000313 

Cenchrus Lachnospiraceae Lachnospiraceae XPB1014 

group 

0.262175 0.000392 

Cenchrus Sutterellaceae Sutterella 0.25762 0.000499 

Cenchrus Oscillospiraceae NK4A214 group 0.255561 0.000555 

Cenchrus Anaerovoracaceae Family XIII AD3011 group 0.229382 0.00201 

Cenchrus Desulfovibrionaceae Mailhella 0.193483 0.009458 

Cenchrus Prevotellaceae Prevotellaceae YAB2003 group 0.185797 0.012771 

Cenchrus Ruminococcaceae Ruminococcus 0.179302 0.016324 

Cenchrus Chitinophagaceae Taibaiella 0.168686 0.023992 

Cenchrus Oscillospiraceae UCG-005 0.157116 0.035693 

Cenchrus Weeksellaceae Chryseobacterium 0.152614 0.0414 

Cenchrus Ruminococcaceae Faecalibacterium 0.151025 0.04359 

Cenchrus Lachnospiraceae Lachnospiraceae NC2004 

group 

0.147803 0.048328 

Table A4.5.1 Full significant results of co-occurrence analysis 
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Appendix 5.2 – AZE species dropped from analysis 
 

Table A5.2.1 AZE species dropped from analysis 

Species name Taxa Reason for rejection 

Grus americana Bird Included on the list twice  

Formicivora littoralis Bird Classed as Least Concern 

Polioptila clementsi Bird Classed as Least Concern 

Hemignathus lucidus Bird Extinct 

Pipistrellus murrayi Mammal Extinct  

Melomys rubicola Mammal Extinct  

Philautus sp. nov. 'Amboli 

Forest' 

Amphibian Not a defined species 

Philautus sp. nov. 'Munnar' Amphibian Not a defined species 

Lyciasalamandra billae Amphibian Not assessed on Red List 

Mysateles garridoi Bird Not assessed on Red List 

Amaurospiza carrizalensis Bird Not assessed on Red List 

Cyanoramphus cookiI Bird Not assessed on Red List 

Mysateles meridionalis Mammal Not assessed on Red List 

Dipodomys margaritae Mammal Not assessed on Red List 

Dipodomys insularis Mammal Not assessed on Red List 

Artibeus incomitatus Mammal Not assessed on Red List 

Sminthopsis aitkeni Mammal Not assessed on Red List 

Hyalinobatrachium crybetes Amphibian Not assessed on the Red List 

Phyllastrephus leucolepis Bird Now considered to be a plumage variant 

Siderastrea glynni Coral Coral species considered incomparable to 

other animal species  

Porites pukoensis Coral Coral species considered incomparable to 

other animal species  

Amentotaxus hatuyenensis Plant  Not an animal species 

Microstrobos fitzgeraldii Plant  Not an animal species 

Podocarpus capuronii Plant  Not an animal species 

Widdringtonia whytei Plant  Not an animal species 

Widdringtonia cedarbergensis Plant  Not an animal species 

Juniperus bermudiana Plant  Not an animal species 

Juniperus standleyi Plant  Not an animal species 

Pinus culminicola Plant  Not an animal species 
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Pinus maximartinezii Plant  Not an animal species 

Taxus floridana Plant  Not an animal species 

Pinus squamata Plant  Not an animal species 

Abies yuanbaoshanensis Plant  Not an animal species 

Thuja sutchuenensis Plant  Not an animal species 

Abies fanjingshanensis Plant  Not an animal species 

Abies beshanzuensis Plant  Not an animal species 

Picea koyamae Plant  Not an animal species 

Picea farreri Plant  Not an animal species 

Xanthocyparis vietnamensis Plant  Not an animal species 

Abies nebrodensis Plant  Not an animal species 

Wollemia nobilis Plant  Not an animal species 

Acmopyle sahniana Plant  Not an animal species 

Dacrydium nausoriense Plant  Not an animal species 

Dacrydium guillauminii Plant  Not an animal species 

Retrophyllum minor Plant  Not an animal species 

Araucaria nemorosa Plant  Not an animal species 

Podocarpus beecherae Plant  Not an animal species 
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Appendix 5.3 - Methods of analysis 

AZE Species 
921 species featured on the 2010 AZE list and this was reduced to 873 for analysis: 

• 24 plant species. We focused on animal species in this analysis 

• 2 coral species. Corals face different threats and require different interventions to the other 

animal species listed so we considered them to be incomparable 

• Grus Americana was repeated 

• 2 were classed as Least Concern 

• 3 are now extinct 

• 2 were not defined species 

• 10 were not assessed on the Red List so information on threats was not available there 

• 1 is now considered a plumage variant 

Details of the species removed from the analysis can be found in Appendix S3. 

 

IUCN Red list 
We reviewed the Red List listing for each AZE species to identify the threats they face and the 

conservation interventions that have been recommended and actioned for them. Each species faces a 

unique situation, but the threats and conservation interventions could be split into categories allowing 

for analysis. The detail of Red List listings varies from species to species, with well-known and 

charismatic species having much more extensive entries. It is likely that well-studied species have 

more threats and conservation interventions mentioned but in order to maintain consistency we only 

said that a species faced a particular threat or a particular intervention had been 

recommended/actioned if it was explicitly stated. 

Threats faced 

We recorded whether the Red List mentioned that a species faced a particular threat. The threats faced 

by AZE species could be grouped into eleven categories: 

• Habitat loss 

• Invasive species 

• Disease 

• Hunting/harvesting 

• Climate change 

• Extreme weather 

• Pollution 

• Accidental killing 

• Population fragmentation 

• Hunting/harvesting of a species it depends on 

• Hybridisation 

Conservation interventions 

As not all interventions will be appropriate for all species, the number of AZE species that have been 

the focus of a particular intervention will give a misleading idea of the effort that has been put into the 

conservation of this group of species. For example, 51 AZE species had been the subject of 

interventions to boost breeding success such as provision of nesting sites. This is only ~6% of the 

total 873 species, but ~45% of the species which the Red List recommends it for. We therefore 

present the proportion of species that have been the focus of an intervention which is appropriate for 

them.  
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We recorded whether the Red List mentioned that particular conservation interventions had been 

recommended and/or actioned. Occasionally, a certain intervention would be mentioned as being 

actioned in the past but not explicitly recommended for future action. In this case it was assumed that 

this intervention was appropriate for this species. The number of species that an intervention was 

appropriate for was therefore all those species for which an intervention had been recommended or 

actioned. The number of species that have been recommended for reintroductions from captive 

populations was taken to be the number of species that have been successfully bred in captivity as 

there were no explicit recommendations for this.   

 These interventions could be grouped in to nine categories: 

• Control invasive species or monitor to prevent their introduction 

• Set up protected area 

• Help fund protected area or restore habitat 

• Interventions to boost breeding success 

• Individuals reintroduced from captivity 

• Create sustainable economic practices 

• Captive breeding successful 

• Species-focused research programme 

• Captive breeding failed 
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Appendix 5.4. The number of AZE species that each conservation 

intervention has been recommended and actioned for 
 

Table A5.4.1 The number of AZE species that each conservation intervention has been recommended 

for 

 

 

 

 

 

 

          

Amphibian (503) 

 

21 492 291 11 19 96 97 489 

Bird (195) 

 

87 173 132 86 27 126 55 180 

Mammal (158) 

 

34 151 70 11 6 55 22 145 

Reptile (17) 

 

4 13 10 5 10 11 16 16 

Total (873) 

 

146 829 503 113 62 288 190 830 
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Table A5.4.2 The number of AZE species that each conservation intervention has been actioned for 

 

 

 

 

 

 

 

 

 

          

Amphibian (503) 

 

2 274 145 3 4 10 19 5 16 

Bird (195) 

 

73 134 92 41 14 69 27 6 89 

Mammal (158) 

 

8 75 46 2 2 11 6 4 12 

Reptile (17) 

 

3 10 8 5 3 6 10 1 8 

Total (873) 

 

86 493 291 51 23 96 62 16 125 
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Appendix 6.1 – List of organisations contacted 
 

Table A6.1.1 Organisations contacted with a request to complete the survey questionnaire 

 

 

 

 

 

Organisation contacted Survey circulated?Geographic focus

Royal Society for the Protection of Birds No UK

Flora and Fauna International Yes Global

Birdlife No Global

Zoological Society of London No UK/Global

UN Environment Programme World Conservation Monitoring Centre No Global

IUCN - species programme office Yes Global

TRAFFIC Yes Global

Natural England Yes England 

Scottish Natural Heritage Yes Scotland

The Nature Conservancy No Global

Wildlife conservation society No Global 

Conservation International Yes Global

Sierra Club No USA

Greenpeace No UK

Association of Environmental Professionals No USA

National Biodiversity Network No UK

The Wildlife Trusts Yes UK

The National Trust No UK

Wildfowl & Wetlands Trust No UK

Convention on Biological Diversity Secretariat Yes Global

WWF No Global

Society for Conservation Biology Yes Global

European Centre for Nature Conservation No Europe

International Rhino Foundation No Global 

Space for Giants No Africa

Save the Elephants No Africa and Asia

IUCN - Species survival commission No Global 

IUCN - Science and Knowledge No Global

IUCN - national offices No Global

International Elephant Foundation Yes Africa and Asia

IUCN - African Rhino Specialist Group Yes Africa

IUCN - South American Camelid Specialist Group No South America

IUCN - Tapir Specialist Group No Central and South America and South East Asia

IUCN - Antelope Specialist Group No Global

IUCN - Asian Elephant Specialist Group No Asia

IUCN - Asian Rhino Specialist Group No Asia

IUCN - Asian Wild Cattle Specialist Group No Asia

IUCN - Bison Specialist Group No Europe and North America

Biological Resources Division - National Park Service No USA

IUCN - African Elephant Specialist Group Yes Africa

Smithsonian Conservation Biology Institute Yes Global

IUCN - Giraffe and Okapi Specialist Group Yes Africa

ZSL - Institute of Zoology Yes Global

IUCN - Equid Specialist Group No Africa and Asia

Whitley Wildlife Conservation Trust Yes UK

Dambari Wildlife Trust Yes Southern Africa

Kenya Wildlife Serivce No Kenya
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Appendix 6.2 - Demographics 

Professionals 

Age 

Range 23-67 

Average - 41 

Gender 

28 female 

32 male 

Education 

Undergrad - 13 

Postgrad - 48 

Time in conservation 

Range 1-40 

Average – 14 

Geographical focus of work 

Table A6.2.1 Geographic foci of professional respondents’ work. It was possible for respondents to 

choose more than one region so the number here adds up to more than the total number of 

respondents. 

Region Number of respondents 

Western Europe 18 

Eastern Europe 4 

North America 15 

South America 5 

North Africa 4 

Western Africa 9 

Central Africa 4 

East Africa 13 

Southern Africa 10 

Middle East 2 

Southern Asia 6 

South East Asia 12 

East Asia 2 

Australasia and Pacific Islands 1 
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Members of the conservation-supporting public 

Age 

Range 19-77 

Average – 33 

 

Gender 

99 female 

29 male 

Education 

 

Table A6.2.2 Level of education reported by conservation-supporting public respondents 

Level of schooling Number of respondents 

Some schooling  2 

GCSEs/O levels/equivalent 5 

AS levels/equivalent 1 

A levels/equivalent 11 

Undergraduate degree 61 

Postgraduate degree 49 
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Appendix 6.3 – Coding summary 

One Plan Approach Likert scale 
 

Table A6.3.1 Emergent themes and the number of responses that referenced them, resulting from 

coding responses to the One Plan Approach question 

Theme number Theme title Number of quotes 

1 Gaining alignment between 

stakeholders will be very 

difficult 

2 

2 Reintroductions from ex situ 

populations are difficult and 

their usefulness is overstated 

5 

3 The knowledge in the ex situ 

community may not be useful 

to in situ managers 

2 

4 Conserving species ex situ is 

an admission of defeat/draws 

attention away from landscape 

approaches 

3 

5 The OPA has a lot of value/the 

integration and pooling of 

knowledge and resources is 

vital 

4 

6 We should not be aiming for 

genetic diversity for its own 

sake 

2 

7 The success of the OPA 

depends very much on the 

species involved and how it is 

implemented 

5 

8 Education is the key role that 

zoos have to play 

2 

 

Role of zoos Likert scale 

Supporters 

 

Table A6.3.2 Emergent themes and the number of responses that referenced them, resulting from 

coding supporter responses to the role of zoos question 

Theme number Theme title Number of quotes 

1 Zoos’ conservation activities 

are all subservient to 

entertainment/contribution of 

zoos to global conservation is 

overstated 

9 

2 Zoos vary too greatly to 

generalise 

9 

3 Reintroductions are 

difficult/almost impossible 

12 

4 Main role of zoos should be to 

educate the public 

9 
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5 They should focus on 

politics/advocacy more 

4 

6 Zoos contribute greatly to 

conservation 

3 

7 Zoos could do a much better 

job of publicising their 

conservation efforts 

2 

8 Geography of zoos influences 

how effective they are at 

certain things (particularly 

rescue/release) 

1 

9 Much of the good that zoos do 

is focused on less 

charismatic/well-known 

species 

1 

 

Professionals 

 

Table A6.3.3 Emergent themes and the number of responses that referenced them, resulting from 

coding professional responses to the role of zoos question 

Theme number Theme title Number of quotes 

1 Zoos’ conservation activities 

are all subservient to 

entertainment/contribution of 

zoos to global conservation is 

overstated 

6 

2 Zoos vary too greatly to 

generalise 

5 

3 Much of the good that zoos do 

is focused on less 

charismatic/well-known 

species 

1 

4 Geography of zoos influences 

how effective they are at 

certain things (particularly 

rescue/release) 

2 

5 They should focus on 

politics/advocacy more 

1 

6 Zoos should focus on getting 

their own house in order 

2 

7 Zoos have contributed greatly 

to conservation 

1 
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Importance of wildness Likert scale 

 

Supporters 

 

Table A6.3.4 Emergent themes and the number of responses that referenced them, resulting from 

coding supporter responses to the importance of wildness question 

 

Theme number Theme title Number of quotes 

1 It is species-specific 4 

2 We must prioritise wild 

populations and the possibility 

of reintroductions/human 

dependent species cannot be 

truly called a 

success/managing things 

should only be a temporary 

measure 

13 

3 Preventing extinction is 

ultimately more important than 

maintaining wildness/we don’t 

live in an ideal world 

10 

4 Establishing viable populations 

is the key aim 

4 

5 Have to take welfare into 

account 

3 

6 There is no wild left 2 

7 We need to protect humans 

from animals 

1 

 

Professionals 

 

Table A6.3.5 Emergent themes and the number of responses that referenced them, resulting from 

coding professional responses to the importance of wildness question 

 

Theme number Theme title Number of quotes 

1 It is species-specific 1 

2 We must prioritise wild 

populations and the possibility 

of reintroductions/human 

dependent species cannot be 

truly called a 

success/managing things 

should only be a temporary 

measure 

9 

3 Preventing extinction is 

ultimately more important than 

maintaining wildness/we don’t 

live in an ideal world 

4 

4 Establishing viable populations 

is the key aim 

2 
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5 We have to focus on wildness 

but as a proxy for maintaining 

ecosystem services and 

function/species must be able 

to maintain their ecological 

role 

5 

6 There is no wild left 1 

7 Humans should not be seen as 

separate from nature 

2 

8 Nature is dynamic therefore 

our conservation solutions 

must be too/the maintenance of 

the process of evolution is 

important 

3 

 

Management interventions Likert scale 

Supporters 

 

Table A6.3.6 Emergent themes and the number of responses that referenced them, resulting from 

coding supporter responses to the management interventions question 

 

Theme number Theme title Number of quotes 

1 There is a balance between 

intervening and wildness/some 

wildness can be sacrificed to 

ensure survival 

10 

2 Wildness is not important/the 

‘wild’ does not exist anymore 

6 

3 It depends on the species and 

habitat in question or whether 

they require the interventions 

because we caused the 

problems 

2 

4 We have to be careful not to 

affect nature behaviour and 

natural selection/certain 

interventions massively 

decrease wildness 

7 

 

Professionals 

 

Table A6.3.7 Emergent themes and the number of responses that referenced them, resulting from 

coding professional responses to the management interventions question 

 

Theme number Theme title Number of quotes 

1 There is a balance between 

intervening and wildness/some 

wildness can be sacrificed to 

ensure survival 

2 
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2 Wildness is not important/the 

‘wild’ does not exist anymore 

3 

3 It depends on the species and 

habitat in question or whether 

they require the interventions 

because we caused the 

problems 

2 

4 We have to be careful not to 

affect nature behaviour and 

natural selection/certain 

interventions massively 

decrease wildness 

1 

5 Wildness needs defining 2 

6 Many of these interventions 

area a way of replicating what 

would have happened naturally 

in an intact ecosystem 

1 

Rhino reserve fencing scenario question 

Supporters 

 

Table A6.3.8 Emergent themes and the number of responses that referenced them, resulting from 

coding supporter responses to the rhino reserve fencing question 

 

Theme number Theme title Number of quotes 

1 Welfare is a key consideration 2 

2 Interventions such as fencing 

are necessary because we no 

longer live in an ideal world 

3 

3 Fencing is a stop-gap measure 

until threats have been 

mitigated 

29 

4 Preventing extinction is the key 

aim and poaching is the key 

threat so fencing is necessary 

15 

5 Population growth is necessary 

to buffer against threats 

17 

6 Maintaining wildness is the 

most important thing 

5 
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Professionals 

 

Table A6.3.9 Emergent themes and the number of responses that referenced them, resulting from 

coding professional responses to the rhino reserve fencing question 

 

Theme number Theme title Number of quotes 

1 Taking down fences can only 

happen when coupled with 

better law enforcement 

3 

2 Fencing is a stop-gap measure 

until threats have been 

mitigated 

10 

3 Preventing extinction is the key 

aim and poaching is the key 

threat so fencing is necessary 

7 

4 Population growth is necessary 

to buffer against threats 

6 

5 Maintaining 

wildness/ecological 

role/function is the most 

important thing 

8 

 

Dehorning rhinos scenario question 

Supporters 

 

Table A6.3.10 Emergent themes and the number of responses that referenced them, resulting from 

coding supporter responses to the dehorning rhinos and rhino horn trade question 

 

Theme number Theme title Number of quotes 

1 Western nations should not 

regulate what African nations 

do with their resources 

1 

2 A legal trade in rhino horn 

would raise money for 

conservation actions and 

incentivise landowners to keep 

rhinos 

7 

3 We would not be able to police 

a trade 

2 

4 It will reduce demand and 

decrease poaching 

15 

5 It would incentivise/legitimise 

the trade, look at what has 

happened with other species 

32 

6 Dehorning could be harmful to 

the animals 

9 

7 Dehorning should occur but the 

horns should be destroyed 

4 

8 Education and reducing 

demand is key 

13 
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9 Exploitation of animals is 

morally wrong and is not 

conservation 

3 

 

Professionals 

 

Table A6.3.11 Emergent themes and the number of responses that referenced them, resulting from 

coding professional responses to the dehorning rhinos and rhino horn trade question 

 

Theme number Theme title Number of quotes 

1 Not sure so apply 

precautionary principle 

1 

2 A legal trade in rhino horn 

would raise money for 

conservation actions and 

incentivise landowners to keep 

rhinos 

2 

3 We would not be able to police 

a trade 

1 

4 It will reduce demand and 

decrease poaching 

6 

5 It would incentivise/legitimise 

the trade, look at what has 

happened with other species 

12 

6 Dehorning could be harmful to 

the animals 

1 

7 Dehorning should occur but the 

horns should be destroyed 

1 

8 Education and reducing 

demand is key 

7 

9 Exploitation of animals is 

morally wrong and is not 

conservation 

4 

10 Real problem is lack of habitat 1 

 

 

 

 

 

 

 

 

 


