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ABSTRACT 

Changing land use, which is taking place globally at an unprecedented rate, generally has a 

negative impact on biodiversity. However, some species persist in or even exploit these 

anthropogenically modified environments. Little is known about how reptiles are affected by 

urbanisation, especially in the global South. Nile monitors (Varanus niloticus) are Africa’s largest 

lizard and are amongst the most exploited tetrapods on the continent, yet they can be found in 

highly urbanised and densely populated areas of KwaZulu-Natal, South Africa. They remain 

greatly understudied, with many gaps in even basic aspects of their ecology. They are projected to 

become threatened in parts of their range without successful management. This thesis focuses on 

two broad aspects of the ecology of Nile monitors in KwaZulu-Natal Province, South Africa. 

Namely, a) their distribution and persistence in a mosaic of land-use type and human population 

density in two focal areas and b) their population size and morphometrics in rural and urban areas. 

The aim was to fill important knowledge gaps in the ecology of this highly exploited, charismatic, 

and yet understudied species to make management recommendations and promote sustainable co-

existence of people with Nile monitors in KwaZulu-Natal, South Africa. 

The first aim was to determine if Nile monitors occur in urban environments in KwaZulu-

Natal and what land use types they are associated with. Using 419 Nile monitor sightings, two 

hotspots were found in the region, one dominated by protected land and the other dominated by 

mosaics of anthropogenic land use. They were found throughout regardless of human density. 

However, their use of residential areas was greater in the region with less available natural land. 

Increasing human density was positively associated with the use of more wooded habitats, except 

for planted forests, which were avoided systematically. Their association with water was 

confirmed; however, increased human density also increased their mean distance to rivers, likely 
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reflecting their use of swimming pools, storm drains and other anthropogenic water features. Both 

managed and unmanaged green spaces (e.g., gardens, parks, golf courses) in urban mosaic 

landscapes are important features for the persistence of Nile monitors. 

The second aim was to estimate the Nile monitor population size using a mark-resight 

method with baited camera traps on a gradient of land use in three different specific sites and also 

compare urban and rural morphometrics throughout KwaZulu-Natal. Nile monitor limbs, body 

width, tail base, heads, and body mass were larger in rural areas but only marginally. Furthermore, 

we found greater population size estimates with increased habitat modifications (golf course > 

farmland > nature reserve), but the average estimated snout-vent length decreased. Reduced size 

may result from intraspecific or interspecific competition and different predation dynamics in 

urban and rural ecosystems. More independent trigger events of potentially competing diurnal 

mesocarnivores were recorded in the nature reserve and farmland than on the golf course. Despite 

the larger population size estimate of monitors, there was evidence of poaching at the golf course. 

One individual was stolen from a trap, and four instances of deployed snare traps were recorded. 

The inclusion of dead individuals for morphometrics has shed light on the added threats caused by 

domestic dogs (Canis lupus familiaris), people and vehicles for urban monitor populations.  

It is concluded that Nile monitors are successfully persisting in the mosaic urban 

landscapes of KwaZulu-Natal but are not as successful as some other urban varanids. The use of 

anthropogenic land-use, and thus conflict with people, will likely increase with continued land-use 

change. Future research should investigate Nile monitor interactions with people and pets as well 

as conflict mitigation strategies and both their urban and rural spatial ecology. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

Globally, with the continued increase in human populations, there is unprecedented changing 

anthropogenic land use. Generally, this impacts biodiversity negatively. However, some 

species persist and even exploit these changing environments (Downs et al., 2021; Singh et al., 

2021). Little is known about how reptiles respond to anthropogenic changing land use, 

especially in Africa. The different selective pressures of urban, farmland or natural habitats can 

change animal behaviour, physiology, and morphology (Law et al., 2016; Putman and Tippie, 

2020). The anthropogenic effect on behaviour can have ecological consequences (Uyeda et al., 

2012; Wolfe et al., 2018; French et al., 2018).  

 Anthropogenic factors are having some devastating consequences on wildlife (Morner, 

2002; Lowry et al., 2012; Taylor-Brown et al., 2019; McDonald et al., 2020). Human 

population growth and associated expansion in anthropogenic activities are the primary causes 

of an accelerated increase in extinction globally (Ceballos et al., 2015; Lowry et al., 2019). 

Sub-Saharan Africa is projected to experience the largest human population growth of all 

continents (Gu et al., 2021; Brum et al., 2022). Furthermore, much of Africa’s urban 

development is fast and unplanned, making rapid unplanned urban development one of the 

major threats to sustainable development in Africa (Cobbinah et al., 2015; Okeke, 2021). 

Despite resulting in a general decline in biodiversity, many species across taxa successfully 

persist, adapt or even exploit urban environments both in South Africa and internationally 

(Lowry et al., 2012; Downs et al., 2021; Singh et al., 2021). There is great conservation value 

in understanding what factors facilitate the success of some species in cities and the failure of 

others (Lowry et al., 2013).   
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More than a fifth of all reptile species are threatened by extinction (Cox et al., 2022). 

There is a critical need for herpetofauna conservation and research gaps to be filled to make 

critical research-based management decisions. Most African reptiles are lacking in biological 

and ecological data (Dalhuijsen et al., 2014). Forty-five percent of families are threatened more 

than expected by chance, yet the vast knowledge gaps limit African reptile conservation (Tolley 

et al., 2016). Their main threat on the continent is land transformation for agriculture (Tolley 

et al., 2016, 2019). Varanid biology is poorly understood in general (Mendyk, 2018).  

 Nile monitors (Varanus niloticus) are Africa’s largest lizard species and arguably the 

fourth largest globally, reaching up to 242 cm in total length in the wild (Haacke & Grove, 

1995; Enge et al., 2004). Although Nile monitors are considered widespread in sub-Saharan 

Africa, they remain poorly studied throughout their range. They are opportunistic carnivorous 

scavengers and predators, capable of reaching large densities, which likely have a considerable 

impact on ecosystems (Western, 1974; Engeman et al., 2011; Savarie et al., 2011; Dalhuijsen 

et al., 2014). Local loss of monitors may increase the prevalence of carrion or cause an increase 

in competing scavengers (Cairncross et al., 2024). However, some become over abundant 

because of anthropogenic subsidies, resulting in conflict with people and pets (Bhattacharya & 

Kock, 2018; Rifie et al., 2023). Some research even suggests pest control is needed in parts of 

Indonesia and Thailand through harvesting for trade in urban areas, active persecution or 

translocation to sanctuaries (Wongtienchai et al., 2020; Yudha et al., 2022; Rifie et al., 2023). 

Abundance may also impact prey species, especially when there is an overwhelming preference 

for them, like the ringtailed possum (Pseudocheirus peregrinus) for lace monitors (V. varius; 

Jessop et al., 2010).  

As a semi-aquatic species, Nile monitors generally use habitats near water, and thus, 

their performance and physiology depend on the quality of both aquatic and riparian habitats, 

much like V. salvator (Karunarathna et al., 2017). In India, the semi-aquatic V. salvator is even 
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praised in parts of its range for cleaning rivers of poultry carcasses and predating on locally 

feared snakes (Bhattacharya & Koch, 2018). Similar beliefs were recorded in Benin, where 

Nile monitors are considered sacred for their predation of snakes and rodents (Bio Oure et al., 

2016). Adult Nile monitors also feed largely on carrion, which can help limit disease spread 

and clean freshwater systems (Dalhuijsen et al., 2014). They have been used as a natural tool 

to control Egyptian goose (Alopochena egyptiaca) populations on some golf courses in South 

Africa and contribute to rodent control in rural and urban environments (various pers. comm.). 

Several thousand tons of hazardous chemicals, such as pesticides that can no longer be used 

for their intended purpose, are stockpiled in Africa, often improperly and represent a hazard to 

human health and the environment (Berny et al., 2006). Nile monitors have been identified as 

a good sentinel species for these obsolete pesticide stockpiles in sub-Saharan wetlands (Berny 

et al., 2006; Ciliberti et al., 2006, 2011). They can, therefore, be an important tool for 

monitoring environmental contamination, the bioavailability of pollutants in food webs, and, 

thus, potential threats to local human populations and the environment (Ciliberti et al., 2006, 

2011).  

Although they are globally classified as least concern by the International Union for 

Conservation of Nature (IUCN) and nationally by the Atlas and Red List of Reptiles of South 

Africa, Lesotho and Swaziland, varanids are threatened by habitat destruction and heavy 

exploitation throughout their range for leather, bushmeat, the pet trade and traditional 

medicines (De Buffrénil & Castanet 2000; Bennett, 2002; De Buffrénil & Hémery, 2002; Bates 

et al., 2014; Wilms et al., 2021). The trade in Nile monitor skins has declined, even halving in 

parts of its range (De Buffrénil & Castanet 2000). However, it remains at a high level, and 

exploitation is still a significant concern because of the lack of detailed scientific data on the 

structure and dynamics of their populations (De Buffrénil & Castanet, 2000). According to 

CITES trade data, over 300,000 live Nile monitors were exported between 1975 and 2005 from 
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46 countries, making it the second most exported varanid globally and accounting for 23 % of 

the global monitor trade (Pernetta, 2009a,b).  

In Sahelian regions of Africa, harvest estimates accounting for damaged skins and 

undocumented trade have reached 2 million in peak years (Dowell et al., 2015). This 

exploitation is so intensive that they are likely to go extinct in parts of their range unless it is 

successfully managed alongside climate-change-induced loss of suitable habitat (Ejigu & 

Tassie, 2020). Two decades ago, a study on Nile monitors in Sahelian Africa investigating the 

impact of exploitation found that mean adult snout-vent length, mean age, and longevity were 

reduced in most exploited populations, and there was a pattern of initial increased somatic 

growth then but steeply declining after 54 months (De Buffrénil & Hémery, 2002). Reduction 

in size class and density of large animals through selective harvesting is likely to lower the 

level of intraspecific competition as the diet of adult Nile monitors includes the same prey 

species as juveniles, thus increasing the food availability and growth rate of juveniles (De 

Buffrénil & Hémery, 2002). The extent of illegal hunting in South Africa is unknown. 

However, despite being protected by law, they are common in traditional medicine muthi 

markets (Whiting et al., 2011). A survey of the Faraday Market in Johannesburg found that 

59% of traders had Nile monitor products for sale amongst many other regionally protected 

species (Whiting et al., 2011).  

 Most varanids, such as Nile monitors, are generalist opportunistic feeders (Traeholt, 

1994; Guarino, 2001; Dalhuijsen et al., 2014). This facilitates their exploitation of 

anthropogenically modified landscapes such as farmlands and urban areas. Some varanid 

species, such as the ecologically similar V. salvator are known to take advantage of human 

food waste and significantly increase in abundance (Uyeda, 2009). The abundance of V. 

salvator in areas with anthropogenic food waste and wild areas of Tinjil Island, Indonesia, 

differed, with 4 individuals/km2 in wild areas and 1400 individuals/km2 in areas inhabited by 
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humans (Uyeda, 2009; Uyeda et al., 2013, 2015). This abundance is of potential concern in 

Malaysia as it clumps monitors near turtle nesting sites, which may result in a higher rate of 

predation on turtle eggs (Rusli et al., 2020; Lei et al., 2020). There is, therefore, a need for 

better waste management in this area.  

Urban lace monitors (V. varius) were bigger and bolder than their natural habitat 

counterparts (Pettit et al., 2021). There have been no such morphometric comparisons of urban 

and rural Nile monitors. Because they prey on some small domestic animals, including 

chickens (Gallus gallus domesticus) (unpublished data), some landowners see them as vermin, 

which gives rise to human-wildlife conflict. Many myths and folklore also result in negative 

perceptions and sometimes persecution (unpublished data). 

 Multiple varanid species are successful urban and farmland exploiters (Traeholt, 1994, 

1995, 1997; Uyeda et al., 2015). Anthropogenic activities alter some varanids' home range 

establishment, demographics and phenotypes (Jessop et al., 2012; Guerrero-Sanchez et al., 

2021). Adapting to anthropogenic land can buffer the impacts of habitat loss and fragmentation 

on wild populations and generally provide access to abundant food. However, it comes with 

threats, such as a potential increase in harvesting, conflict, and previously unencountered risks, 

such as road collisions. It also increases the risk of zoonotic diseases and parasite spread 

(Mendoza-Roldan et al., 2020; Yudhana et al., 2021). Urban exploitation and tolerance to 

human proximity may be critical to varanid population maintenance as human population size 

and habitat loss increase (Uyeda, 2009).  

Globally, urban lizards tend to be little researched (Brum et al., 2022). In the present 

study, I investigated Nile monitors’ ecology, morphometrics, behaviour and habitat use to 

determine if they vary in urban and rural areas of KwaZulu-Natal, South Africa. The Nile 

monitor is an excellent model species for investigating varanid phenotypic plasticity, 

behaviour, and ecology with anthropogenic changing land use. I tested various predictions 
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related to this. Their phenotypic plasticity is already evident through their successful status in 

Florida; however, little is known about how they have adapted to urbanisation (Enge et al., 

2004; Dowell et al., 2016; Briggs et al., 2022). 

 

1.2 Problem statement 

Nile monitors are the largest lizard in Africa, widespread and one of the most exploited 

tetrapods in Africa for bushmeat, leather, the pet trade and traditional medicines (Buffrénil & 

Hémery, 2002). They are projected to become threatened in parts of their range without 

successful management (Ejigu & Tassie, 2020). However, they are greatly understudied and 

much of their ecology remains unknown to science. There is a crucial need to fill knowledge 

gaps for successful research-based management.  

Most varanids, such as V. niloticus are generalist opportunistic feeders which facilitates 

their urban exploitation (Traeholt, 1994; Guarino, 2001; Jessop et al., 2012; Dalhuijsen et al., 

2014; Yu et al., 2021; Guerrero-Sanchez et al., 2022, 2023). Urban exploitation may be key to 

some varanid population persistence (Uyeda, 2009). The use of altered habitats and associated 

differences in both food abundance and quality can alter species behaviour, morphology, 

parasite load and population dynamics (Jessop et al., 2012; Guerrero-Sanchez et al., 2023). 

Understanding Nile monitors' urban and rural ecology in KwaZulu-Natal will produce 

knowledge of their basic ecology and plasticity in response to rapidly changing landscapes 

through the Anthropocene while giving much needed management recommendations 

(Ariefiandy et al., 2021). 

As the Nile monitor faces significant risk in the form of over-exploitation and habitat 

loss, a better understanding of its ecology is needed.  As documented above, there is a critical 

need for herpetofauna conservation and research gaps to be filled to make crucial research-

based management decisions (Tolley et al., 2016, 2019). Varanid biology is poorly understood 
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in general (Mendyk, 2018). Most African reptiles lack biological and ecological data 

(Dalhuijsen et al., 2014). Little is known about the presence, abundance, behaviour, 

morphometrics and habitat use of Nile monitors in urban and farmland areas of South Africa 

and much more research is needed to make informed management decisions for this species. 

 

1.3 Aims and objectives 

The study aimed to determine if Nile monitors are successful exploiters of human-modified 

landscapes in KwaZulu-Natal Province, South Africa. I aimed to fill knowledge gaps in various 

aspects of their ecology, including spatial ecology and their use of urban mosaic landscapes, to 

make management recommendations. The objectives were: 

Objective 1. To assess the habitat use and distribution of Nile monitors (Varanus niloticus) 

in a mosaic of land use types and human population densities in KwaZulu-Natal, South 

Africa 

It was aimed to better understand the habitat use of Nile monitors throughout KwaZulu-Natal 

by comparing sighting records over a gradient of anthropogenic disturbance. I identified 

which factors affect their persistence in different land use types. Whether they modify their 

ecology, phenology, behaviour and habitat use in response to increasingly anthropogenically 

dense areas. It was determined if Nile monitors are affected by built-up cover and other land-

cover types as well as their distance to water, roads and protected areas. The percentage cover 

of various habitat features around encounters of Nile monitors was mapped to infer their 

habitat use. The relative selection strength of land cover types, namely anthropogenic, barren, 

wooded, grassland and water, was calculated. This allowed us to compare preferences in land 

cover between sites. It was predicted that Nile monitors are associated with habitats close to 

water and successfully persist in mosaic urban landscapes.  
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Objective 2. To assess the population dynamics and morphometrics of Nile monitors 

along a gradient of urbanisation in KwaZulu-Natal, South Africa 

Many lizards differ in morphology, mass and/or behaviour in response to urbanisation. Lace 

monitors (V. varius) in Australia are known to be more abundant, larger and bolder in 

anthropogenically modified habitats because of increased food availability (Pettit et al., 2021). 

However, high levels of human exploitation, pollution and prevalent risk of dogs in KwaZulu-

Natal are likely to engender more complex results. I identified whether Nile monitors differ in 

morphology in urban areas and whether population dynamics differ across an urbanisation 

gradient. I also investigated human-Nile monitor interactions. It was hypothesised that Nile 

monitors’ population dynamics, behaviour, and morphology vary in response to changing 

anthropogenic activities and human population density in KwaZulu-Natal. It was also predicted 

that despite persisting in urban areas, rural Nile monitor populations are greater with larger 

individuals than their urban counterparts. Consequently, Nile monitors response to changes in 

land use in terms of population size, and morphology were determined, and negative 

human/domestic animal – Nile monitor interactions were documented. Mark-resight methods 

were used for population estimates, and detailed morphological measurements were obtained 

by catching monitors using baited step plate traps and collaborating with reptile rescuers 

throughout KwaZulu-Natal. This allowed the determination of whether Nile monitors were 

successful exploiters or merely persisting in urban mosaic landscapes.  

 

1.4 Structure of the thesis 

The main body of this thesis was organised with the data chapters presented as draft 

manuscripts prepared for publication in peer-reviewed journals. The first chapter (Chapter 1) 

was the Introduction, which provides a literature review of the concepts covered in this study 

and the background literature. The next two chapters (Chapters 2 and 3) are empirical, each 
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covering a specific objective. Each chapter is formatted according to the journal it is intended 

to be submitted to. Because of this thesis format, a certain degree of repetition was unavoidable, 

especially in the methods section. However, this is deemed to be of little concern as this format 

allows the reader to read each chapter separately without losing the overall context of the thesis. 

Chapter 2 investigated the habitat use and distribution of Nile monitors (V. niloticus) in a 

mosaic of land use type and human population density in KwaZulu-Natal Province. Chapter 3 

investigated the population dynamics and morphometrics of Nile monitors (Varanus niloticus) 

along a gradient of urbanisation in KwaZulu-Natal Province. The thesis ends with a summary 

chapter of synthesis, conclusive remarks, an emphasis on management recommendations, and 

proposed future research. 
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2.1 Abstract 

Context Globally, with the continuous increase in human populations, unprecedented changes 

in land use are taking place. Little is known about how African reptiles respond to this rapid 

land use change.  

Objectives We used sightings to establish if Nile monitors (Varanus niloticus) are persisting in 

a mosaic of human population densities and land use types in KwaZulu-Natal Province, South 

Africa.  

Methods We collected sighting data throughout KwaZulu-Natal between April 2022 and July 

2023, using three main methods, namely urban sightings obtained from reptile relocation 

groups and collaborations with reptile relocators; sightings obtained from personal encounters 

and citizen scientist observations using social media, posters, newspaper articles and 

interviews; and sightings from iNaturalist observations.  

Results We obtained and used 419 sightings and then identified two hotspot areas in the 

province on which we chose to focus. Site A was dominated by natural habitat, and 

anthropogenic land use types dominated site B. We found a significant relative selection 

strength for most tested land covers over anthropogenic cover in site A, whereas most were 

insignificant in site B. Our results suggest that the use of anthropogenic land use types by Nile 

monitors in KwaZulu-Natal may be driven by habitat transformation and loss. Nile monitors 

were found persisting in urban mosaic landscapes and, when compared with available cover, 

were found in increasingly wooded (natural and urban vegetation) areas with increased human 

populations. Furthermore, they used small anthropogenic water bodies (e.g., swimming pools 

and storm drains), making them less reliant on rivers in urban environments. Their population 

demographics were similar in low and high human population density, but there appeared to 

be a skew towards smaller and younger individuals in medium human population density areas. 

Reproduction was occurring successfully in urban environments, but the detection of larger 
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monitors by potential wild and domestic predators and negative human interactions poses risks. 

Our study outlined the importance of managed and unmanaged green spaces (e.g., gardens, 

parks, golf courses) in urban mosaic landscapes for wildlife persistence, specifically Nile 

monitors, and supporting human well-being as well as reptile conservation. There is an overall 

need for more research on this highly exploited yet understudied reptilian urban adapter. 

Keywords: Varanus; Urban ecology; Habitat use; Citizen science; Anthropogenic disturbance 

 

2.2 Introduction 

Globally, with the continuous increase in human population, there is unprecedented changing 

anthropogenic land use (Ellis and Ramankutti 2008; Seto et al. 2012; Thaker et al. 2022). 

Human population growth is exponential in Africa, which is significantly increasing the need 

for resources, space, raw materials, employment, and other basic requirements (Brum et al. 

2022). It is expected that 1.3 billion people will live in cities in Africa by 2050 (Cobbinah et 

al. 2015). Providing space and food for people is likely to result in continued rapid change in 

land use. Rapid unplanned urban development is a major threat to sustainable development in 

Africa (Cobbinah et al. 2015; Okeke 2021).  

Urbanisation is an extreme form of land transformation which typically reduces 

ecological richness and biodiversity (Streicher et al. 2020; Downs et al. 2021). However, some 

species persist or even thrive in anthropogenic environments (Singh et al. 2021; Downs et al. 

2021). The conservation of persisting wildlife is key to sustainable anthropogenic 

development. However, little is documented about the response of African wildlife to 

urbanisation and agriculture (Downs et al. 2021). There is a geographical and taxonomic bias 

in our knowledge of urban ecology in Africa, specifically African reptiles (Tolley et al. 2016; 

Brum et al. 2022; Woolley et al. 2023).  



 

 

17 

Habitat use is essential to understanding species and habitat conservation practices and 

priorities (de Gabriel Hernando et al. 2021). It can provide a baseline insight into their 

behaviour, habitat requirements, and ecological and behavioural plasticity to certain factors, 

especially in urban or rural mosaic landscapes (Reaney and Whiting 2003; Karunarathna et al. 

2017; Downs et al. 2021). Green spaces (natural or managed) in urban areas can help offset 

urbanisation, maintain biodiversity and ecosystem services, as well as improve the well-being 

and enrich people (Markovchick-Nicholls et al. 2008; Downs et al. 2021; Hursh et al. 2023). 

However, these goals can be conflicting if a species is negatively associated with human 

activity (Markovchick-Nicholls et al. 2008). Populations adapted to anthropogenic land use are 

at risk of ecological traps, where species have adapted to conditions that may not remain 

favourable in the long run (Markovchick-Nicholls et al. 2008; Guerrero-Sanchez et al. 2022). 

There is also a potential risk of parasite transfer and the spread of zoonotic disease (Nebdiza-

Roldan 2020; Mlangeni et al. 2024). A broad understanding of the habitat requirements for 

wildlife in urban areas is essential for sustainable urban planning and development (Hursh et 

al. 2023). Habitat use and distribution patterns can also help mitigate human-wildlife conflicts 

(Souza et al. 2018; Warrier et al. 2021). 

Citizen scientists may help provide much-needed data with limited resources for 

understudied species or in urban mosaic landscapes (Josiah and Downs 2023). The inclusion 

of iNaturalist records broadens opportunistic datasets and can greatly increase sample sizes 

(Mo and Mo 2022; Forti and Szabo 2023). Citizen science programs are effective starting bases 

for exchange in sustainable city development between scientists, policymakers, and citizens 

(Kondratyeva et al. 2020). There are associated limitations in using platforms like iNaturalist, 

such as spatial and temporal sampling bias (Di Cecco et al. 2021; Geurts et al. 2023). However, 

these limitations can be partially mitigated by using such platforms as data supplementation to 

structured surveys, where the different sampling methods can be compared (Roberts et al. 2022; 
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Shin et al. 2022). These records should be analysed with caution regardless, but their value in 

biological research remains considerable (Roberts et al. 2022; Shin et al. 2022). 

The Nile monitor (Varanus niloticus, Linnaeus 1758) is the longest lizard in Africa, 

reaching up to 242 cm in total length (Haacke and Grove 1995; Enge et al. 2004). It is listed as 

Least Concern both globally and regionally in southern Africa (Bates et al. 2014; Wilms 2021). 

However, it is among the most heavily exploited tetrapods in Africa (de Buffrénil and Rimblot-

Baly 1999; de Buffrénil and Castanet 2000; de Buffrénil and Hémery 2002; Dowell et al. 2015). 

It is also projected to become threatened in parts of its range through extensive climate-change-

induced loss in habitat suitability (Ejigu and Tassie 2020). The extent of exploitation in South 

Africa is unknown as most research on the topic comes from Sahelian Africa (e.g., de Buffrénil 

and Rimblot-Baly 1999; de Buffrénil and Castanet 2000; de Buffrénil et al. 2002; Dowell et al. 

2015). The Nile monitor is protected by law in South Africa, and few live animals have been 

legally exported from the region between 1975 and 2005, according to CITES data (Pernetta 

2009). However, local exploitation occurs for traditional medicine and bushmeat, with various 

body parts, skins and oils available in traditional medicine markets (Alexander 1990; Whiting 

et al. 2011). In a survey of traded animals at the Faraday muthi market in Johannesburg, 84.4% 

of traders disclosed having monitor lizard (V. albigularis albigularis and V. niloticus) products. 

More specifically, 59% of traders disclosed having Nile monitor products for sale (Whiting et 

al. 2011). Therefore, despite little evidence of international trade from South Africa, the local 

exploitation of varanids is evident despite their protected status.  

Home range size is unknown for Nile monitors. Other varanid species home range 

estimates vary from 0.1 ha to 3391 ha and differ significantly between species, sex, habitat type 

and geographical location (Table 2.1; Weavers 1993; Thompson 1994; Guarino 2002; Ciofi et 

al. 2007; Guerrero-Sanchez et al. 2021, 2023). A broad positive correlation exists between 

animal size and its estimated home range (Ofstad et al. 2016; Ariano-Sánchez et al. 2020). The 
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relationship between body mass and home range size in varanids is linear (Guarino 2002). 

Being the largest varanid in Africa, Nile monitors likely have a relatively large home range 

size. However, there have been no detailed studies on Nile monitor habitat use or home range 

in Africa. 

Here, we investigated three main components of Nile monitors’ occurrence in the 

anthropogenically modified mosaic landscapes of KwaZulu-Natal Province, South Africa. 

Firstly, we investigated if their distribution and persistence are affected by human population 

densities. Secondly, we assessed if their habitat use differed with increased human density. 

Thirdly, we evaluated if body size estimates differed with increased human population 

densities. We predicted that Nile monitors persist in both modified mosaic and unmodified 

landscapes, are strongly associated with waterbodies, use artificial structures and artificial 

waterbodies, and urban vegetation in urban areas, and that estimated sizes of individuals 

decrease with increased human population density.  
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Table 2.1:  Varanid home range or activity area estimates from previous studies with their associated tracking method, land-use type, region, 

sample size and reference. (Note: F = female; M = male; J = juvenile, HR = home range. * Values based on means). 

Species Min HR estimate 

(ha) 

Max HR estimate 

(ha) 

Method Land-use Region Sample size Reference 

V. rosenbergi 7.8 7.8 Radio telemetry n/a Southern Australia n/a Green and King 1978 

V. gouldii 19.44 24.83 Radio telemetry n/a Southern Australia n/a Green and King 1978 

V. griseus 13.7 (F) ; 83.5 (M) 60.7(F) ; 115.9 (M) Radio telemetry Urban Israel 9 (4 M; 5 F) Stanner and Mendelssohn 

1987 

V. olivaceus 1.48 1.48 Radio telemetry n/a Philippines 12 Auffenberg 1988 

V. bengalensis 4.4 (F) 5.3 (M) Radio telemetry n/a Southern Pakistan n/a Auffenberg et al. 1991 

V. varius 13 (M) 127 (M) Radio telemetry n/a Southeastern 

Australia 

12 Weavers 1993 

V. gouldii 8 91 Radio telemetry Urban Western Australia 10 Thompson 1994 

V. tritiris 3.7 (F)* ; 71.4 

(M)* 

9.3 (F)* ; 40.4 (M)* Radio telemetry Reserve Southern Australia 11 (5 M; 6 F) Thompson et al. 1999 

V. albigularis 15.9 (M) ; 5.5 (F) ; 

12 (J) 

20.7 (M) ; 6.7 (F) Radio telemetry Reserve Northern Namibia 31 Phillips 1995 

V. griseus 7.5 22.8 Radio telemetry Reserve Egypt 4 (2 M; 2 F) Ibrahim 2002 

V. glauerti 1.25 7.36 Radio telemetry Reserve Northern Australia 6 (5 M ; 1 F) Sweet 1999 

V. glebopalma 3.5 7.76 Radio telemetry Reserve Northern Australia 9 (5 M ; 4 F) Sweet 1999 
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V. varius 4 (J) ; 10.5 (M) 387 (M) Radio telemetry Reserve Southeastern 

Australia 

23 (2 F ; 19 M ;  

2 J) 

Guarino 2002 

V. komodoensis 170 530 Radio telemetry Reserve Komodo and 

Flores 

5 (3 F; 2 M) Ciofi et al. 2007 

V. komodoensis 2 3391 GPS and radio Reserve Northeastern 

Komodo 

20 (12 M ; 8 F) Purwandana et al. 2021 

V. indicus 0.9 (F)* 4.7 (M)* Radio telemetry Reserve Northern Australia 11 (6 M ; 5 F) Smith and Griffiths 2009 

V. mertensi 6.3 (F)* 13.6 (M)* Radio telemetry Reserve Northern Australia 13 (8 M ; 5 F) Smith and Griffiths 2009 

V. salvator 0.1 138.9 GPS Plantation 

and Forest 

Northern Borneo 14 Guerrero-Sanchez et al. 

2022 

V. varius 0.5 146.7 GPS Reserve Southeastern 

Australia 

16 (11 M ; 5 F) Lei and Booth 2018 

V. varius 2.12 (M) 194.86 (M) GPS Reserve Southeastern 

Australia 

9 (M) Pascoe et al. 2019 
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2.3 Methods 

2.3.1 Study area 

The province of KwaZulu-Natal is located on the east coast of South Africa and borders 

Lesotho, Eswatini, and Mozambique internationally, and the provinces of the Free State, 

Eastern Cape and Mpumalanga nationally, as well as a coastline of some 600 km along the 

Indian Ocean (Ndlovu and Demlie 2020, Fig. 2.1b). Its climate is heavily influenced by the 

Indian Ocean, with high temperatures and rainfall in the austral summer that often rise above 

25°C and can exceed 40°C during the day, and cool, dry winters that average ~ 20°C (Fairbanks 

and Benn 2000; Ndlovu and Demlie 2020). The mean annual rainfall in KwaZulu-Natal ranges 

from 650 mm in eastern grasslands to 1400 mm in eastern Coastal Bushveld (Kruger and 

Nxumalo 2017; Ndlovu et al. 2021; Mugiyo et al. 2022). This influence of relatively mild 

winters and high humidity creates favourable conditions for relatively large reptiles in 

KwaZulu-Natal, eastern Limpopo and eastern Mpumalanga (Alexander 2007; Bates et al. 

2014).  

We focussed on the two areas in KwaZulu-Natal where most of our sightings occurred 

(92%; Fig. 2.1b). The first, a more northern focal area (site A, Fig. 2.1b) was 4900 km2 in the 

uMkhanyakude and Zululand District Municipalities, between Ulundi (28°18'21.2"S 

31°26'12.2"E), St Lucia (28°23'03.8"S 32°25'29.3"E) and Jozini (27°26'42.6"S 32°03'14.7"E). 

This area is predominantly Zululand Lowveld vegetation and settlements. It includes protected 

areas, for example, the biologically important wetlands of iSimangaliso Wetland Park and 

Hluhluwe-iMfolozi Park (Rowe-Rowe and Taylor 1996; Fairbanks and Benn 2000). The main 

agricultural production in the area includes livestock (meat and dairy production) and 

subsistence farming in the arid inland region, and sugar cane (Saccharum officinarum) nearer 

the coast (Waldner et al. 2017). Altitude in this area ranges from 0 to 787 m a. s. l.  



 

 

23 

The second focal area (site B, Fig. 2.1b) was 8350 km2 in more southern KwaZulu-

Natal, in the eThekwini, Ugu, iLembe and uMgungundlovu District Municipalities, situated 

between KwaDukuza (29°22'13.0"S 31°21'06.9"E), Nottingham Road (29°20'57.4"S 

29°59'18.0"E), and Mtwalume (30°29'23.1"S 30°37'46.9"E). It has inland Sub-Escarpment 

Savannah and Indian Ocean Coastal Forest biomes, with two major cities, Pietermaritzburg 

and Durban (McPherson et al. 2016). The dominant agricultural production includes livestock 

farming (meat and dairy production), sugar cane and exotic timber plantations Acacia mearnsii, 

Pinus patula or Eucalyptus spp. (Ngcobo et al. 2018). Altitude in site B ranged from 0 to 1540 

m a. s. l. 
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2.3.2 Nile monitor sighting records 

We collected Nile monitor sightings throughout KwaZulu-Natal Province (Fig. 2.1b) between 

April 2022 and July 2023. We used three methods for data collection to maximise effort in 

acquiring confirmed Nile monitor locations: 1) urban sightings were obtained from several 

consenting reptile relocation groups and through collaboration with reptile relocators; 2) further 

sightings were obtained from personal encounters and citizen scientist observations using 

social media, posters, newspaper articles and interviews; and 3) these sightings were 

supplemented with iNaturalist observations. These sightings included ones where conflict was 

observed or reported between humans and domestic animals with Nile monitors. We ensured 

each sighting was reliable, and it was only included if it was confirmed with photographic 

evidence by the author and our geographical coordinates were confirmed by the observer. 

Verifying citizen scientist identification was important as they are commonly confused with 

Nile crocodiles (Crocodylus niloticus) and locally sympatric rock monitors (Varanus 

albigularis albigularis; Dalhuijsen et al. 2014; pers. obs.). Personal sightings were recorded at 

≤ 10 m accuracy. Sightings from reptile removal groups were either recorded as a house address 

or geographical location using a global positioning system (GPS) at ≤ 10 m accuracy. 

iNaturalist sightings were only included if they were classified as Research Grade, included a 

photograph and had a public location with 500 m accuracy or less. To be classified as “Research 

Grade”, observations in iNaturalist need to include a date and a location and have a minimum 

of two identifications, with the majority agreeing with the taxonomic classification (Durso et 

al. 2021). The authors confirmed every iNaturalist sighting. Tracks and scat observations were 

not included. When possible, we estimated the general size range category of individuals either 

in the field or with photographs. The size classes used were hatchling (estimated under 40 cm 

total length), sub-adult (>40 cm and <100 cm total length), adult (>100 cm and <150 cm total 

length) and mature adult (>150 cm total length). Size class estimates are often used as they can 
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give valuable insight into demographics without requiring the capture of individuals (Price et 

al. 2022a). We validated our field estimates by assessing the size class of individuals that had 

been previously captured, measured, and externally marked in a separate study (Genevier et al. 

in prep., Chapter 3). We did not sex individuals. 

 

2.3.3 Statistical and landscape analyses 

Randomised locations (hereafter “non-sightings”) were generated using ESRI ArcMap 

(version 10.8.2, Redlands, California). These were used as a control group to establish habitat 

features that were positively and negatively associated with Nile monitor encounters. To assess 

“availability” adequately, we generated ten random points for every sighting in each site. We 

mapped a 500 m radius around each sighting and non-sighting location as a 78.54 ha land buffer 

area. Typically, such buffer areas fall within a known home range size for a species (McPherson 

et al. 2016; Mowry et al. 2021). With the present lack of studies on the Nile monitor’s spatial 

ecology, we had to assume that the use of a 78.54 ha buffer area appropriately represents a 

fraction of their area used. This assumption was based on mark-resight data and the home range 

literature on other species of similar size, and was later validated by using point land-cover 

(Table 2.1; unpublished data). Moreover, the nature of our sightings does not only reflect actual 

animal habitat use in their present home range but also reflects encounters during a change or 

expansion of the present individual home range. A likely scenario for our domestic conflict 

records is that individual monitors were moving from one area to a new one rather than being 

in the core area of their home range (EG unpublished data). Therefore, our analysis used a 

relatively small buffer area to mitigate this bias. 

All landscape data were measured using ArcGIS 10.7 (ESRI Inc. 2010). Further 

parameters were collected from physical visits (when possible), aerial imagery and eThekwini 

Municipality’s corporate global information system (GIS) website. Recorded parameters were 
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quantified using percentage cover (% c) in the buffer area or the nearest distance to the sighting 

and non-sighting point. We calculated the % c of 24 land-cover types (Table 2.2). Each sighting 

was then classified as either low, medium, or high human population density point in R studio 

(Packages “raster”, “sf” and “dplyr”; Version 4.0.2; R Core Team 2023) using 2020 data 

(CIESIN 2020). Human population density was based on a 1 km radius of each sighting and 

non-sighting point. We calculated the nearest distance to rivers, roads and terrestrial protected 

areas. Additionally, the presence and absence of pools and domestic animals were recorded 

when possible; however, this was done for sighting points only. 

 

Table 2.2: The different resolutions of land cover types in the present study. 

Low resolution Medium resolution  

 

High resolution 

Forested land Natural cover Natural wooded land 

 Shrubs 

  Urban vegetation 

 Plantation Planted forest 

Grass Grassland Natural grassland 

Water Waterbodies Artificial waterbodies 

  Natural waterbodies 

Wetlands Wetlands Herbaceous wetlands 

 Woody wetlands 

Barren Barren land Consolidated 

 Unconsolidated 

Crop Cultivated Permanent crops 

 Temporary crops 

 Fallow lands and old fields 

Anthro Built-up Residential 

 Village 

 Smallholdings 

 Commercial 
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We then used the lowest-resolution land use type at each point with logistic regressions 

with binomial family error to calculate resource selection functions (RSFs), identifying the 

relative probability of Nile monitor sightings and the landscape drivers in the defined sites, 

using observed and weighted randomly sampled locations (Table 2.2; Johnson et al. 2009; 

Steen et al. 2015). The models were built using fixed effects, without random effects, as no 

hierarchical structure was specified. The independent variables used were land cover types 

consisting of five variables (barren, anthropogenic, cover, grassland, water and wetland), 

human population index and three distance to features variables (rivers, protected areas and 

roads). We used a Variance Inflation Factor (VIF) test to assess multicollinearity across all 

predictors in the full model, as our data contained categorical and continuous variables using 

the car package (version 3.1-3; R Core Team 2023) in RStudio (de Jongh et al. 2015). We used 

the Akaike's information criterion (AIC) approach to select the best-fit candidate model. We 

calculated the relative importance of each variable by summing the Akaike weights (wi) of 

each model said variable occurred in (Pillay et al. 2024).   

 

2.4 Results 

We obtained a total of 419 usable Nile monitor sightings, of which 28.9% (n = 121) were from 

iNaturalist (Fig. 2.2). There were 19.3% (n = 81) of Nile monitor sightings in site A and 80.7% 

(n = 338) in site B. Most sightings (54%) were from urban mosaic landscapes, from Durban 

 Industrial 

 Transport 

 Mines and quarries Surface infrastructure 

 Extraction sites 

 Waste and resource dumps 
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and Pietermaritzburg reptile removal groups. The majority of iNaturalist sightings (53%) 

included were from protected areas in site A. 

 

 

Figure 2.2: Geographical localities of Nile monitor sightings in sites A and B with land-

cover types of each shown in KwaZulu-Natal, South Africa, in the present study. 
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Figure 2.3: Average cover in 500 m of each Nile monitor sighting and non-sighting (random) 

locations on a gradient of human population density in sites A and B and number of points per 

category (n). 
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Habitat types of Nile monitors varied between sites, with site A having 11 of the 24 

high-resolution land cover types and site B having 15 (Table 2.2, Fig. 2.2, Fig. 2.3). All five 

high human density sightings in site A came from the outskirts of St Lucia Village, which is 

small with some residential and commercial areas and falls in a protected area, where monitor 

populations can be functionally connected to iSimangaliso Wetland Park through the estuary. 

No sightings were recorded in the dense residential parts or agricultural land. Site A is 

predominantly natural grassland and natural wooded land in low human density areas (37% 

and 49%, respectively) and dominated by residential land in high human density (53%; Fig. 

2.2, Fig. 2.3). Site B had more anthropogenic land use, and nature reserves are generally smaller 

and surrounded by either agricultural land or urban environments (Fig. 2.2, Fig. 2.3). Sixty-

five per cent (n = 103) of sightings in Durban had swimming pools on the property or 

neighbouring property. Areas used by Nile monitors had more water cover, no planted forests 

and more barren land throughout. Despite showing a strong avoidance of built-up land in highly 

populated areas of site A, there was less of an avoidance in highly populated areas of site B. 

Although exotic tree plantations were nearly absent from buffer areas around true locations, 

natural cover remained consistent throughout, with a slightly increased cover in medium and 

high human populations of site B (Fig. 2.2, Fig. 2.3).  

 The relative selection strength of land use types over anthropogenic land use differed 

largely between sites (Fig. 2.4) for Nile monitors. There was a highly significant association 

with water (P < 0.001), cover and wetlands (P = 0.002 and P = 0.001, respectively) and a 

significant association with barren (P = 0.021) over anthropogenic land use in site A (Fig. 2.4, 

Fig. 2.5, Table 2.3). The best model fits for the relative selection strength of Nile monitors in 

Site A, based on ≤ 2 delta AICc, were land cover (wi = 1), river distance (wi = 1), protected 

area distance (wi = 1), road distance (wi = 1) and pop density (wi = 0.97; Table 2.3). Coefficient 
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estimates of the top model suggest an increase in Nile monitor selection strength in site A close 

to rivers (β = -0.001 ± 0.000 SE, p < 0.001), protected areas (β = -0.001 ± 0.000 SE, p < 0.001), 

roads (β = -0.005 ± 0.001 SE, p < 0.001), and increased human population density (β = 0.001 

± 0.000 SE, p < 0.001). Nile monitor selection strength was also positively associated with 

waterbodies (β = 4.202 ± 0.703 SE, p < 0.001), wetlands (β = 2.502 ± 0.779 SE, p = 0.001), 

barren land (β = 1.926 ± 0.834 SE, p = 0.021) and grassland (β = 1.079 ± 0.633 SE, p = 0.088). 

The best two model fits for the relative selection strength of Nile monitors in Site B, 

based on ≤ 2 delta AICc, were river distance (wi = 1), protected area distance (wi = 1), road 

distance (wi = 1), pop density (wi = 1) and land cover (wi = 0.48; Table 2.4). Coefficient 

estimates of the top two models suggest an increased Nile monitor selection strength in site B 

close to rivers (β = -0.00032 ± 0.00005 SE, p < 0.001), protected areas (β = -0.00011 ± 0.00001 

SE, p < 0.001), roads (β = -0.00644 ± 0.00070 SE, p < 0.001), less human population density 

(β = -0.000037 ± 0.000011 SE, p < 0.001), with the most important land cover type being 

grassland (β = 0.434 ± 0.166 SE, p = 0.009), while the effect of other cover types, including 

barren land, water, and wetlands, were not significant. 
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Figure 2.4: Relative selection strength (Log-RSS) by Nile monitors for various land use types 

compared with anthropogenic land use in site A (left) and site B (right). (Note: Whiskers show 

95% confidence intervals). 
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Figure 2.5: Nile monitor sightings relative selection strength (Log-RSS) to distance to rivers, 

roads and protected areas in site A (left) and site B (right).  
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Table 2.3:  The top generalised linear models showing the effects of relative selection strength 

of landscape features for Nile monitors (Varanus niloticus) in site A of this study.  

 

Model AICc LogLik delta_AICc Weight 

Land cover + River + Protected + Road + Pop 1642.20 -810.95 0.00 0.97 

Land cover + River + Protected + Road 1649.49 -815.62 7.29 0.03 

River + Protected + Road + Pop 1687.92 -838.91 45.71 0.00 

River + Protected + Road 1690.80 -841.37 48.60 0.00 

Land cover + Protected + Road + Pop 1693.49 -837.62 51.29 0.00 

Land cover + Protected + Road 1695.20 -839.50 53.00 0.00 

Protected + Road 1726.09 -860.02 83.88 0.00 

Protected + Road + Pop 1726.95 -859.44 84.75 0.00 

Land cover + River + Road + Pop 1779.04 -880.39 136.83 0.00 

Land cover + River + Road 1784.69 -884.24 142.49 0.00 

River + Protected + Pop 1791.43 -891.68 149.22 0.00 

Land cover + River + Protected + Pop 1792.54 -887.14 150.33 0.00 

River + Protected 1803.21 -898.58 161.01 0.00 

Land cover + River + Protected 1806.74 -895.27 164.54 0.00 

River + Road + Pop 1812.45 -902.19 170.25 0.00 

Land cover + Road + Pop 1819.01 -901.40 176.81 0.00 

Land cover + Road 1823.17 -904.50 180.96 0.00 

Protected + Pop 1827.08 -910.52 184.88 0.00 

Land cover + Protected + Pop 1827.35 -905.57 185.15 0.00 

River + Road 1828.41 -911.18 186.21 0.00 

Protected 1832.93 -914.45 190.73 0.00 

Land cover + Protected 1835.21 -910.52 193.00 0.00 

Road + Pop 1847.16 -920.56 204.95 0.00 

Road 1862.15 -929.06 219.95 0.00 

Land cover + River 1872.84 -929.34 230.64 0.00 

Land cover + River + Pop 1874.43 -929.11 232.23 0.00 

River 1886.15 -941.06 243.95 0.00 

River + Pop 1886.72 -940.33 244.51 0.00 

Land cover 1902.07 -944.97 259.87 0.00 

Land cover + Pop 1903.86 -944.85 261.66 0.00 

Null model 1916.82 -957.40 274.62 0.00 

Pop 1917.39 -956.68 275.19 0.00 
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Table 2.4: The top generalised linear models showing the effects of relative selection strength 

of landscape features for Nile monitors (Varanus niloticus) in site B of this study.  

 

Model AICc LogLik delta_AICc Weight 

River + Protected + Road + Pop 7662.00 -3825.99 0.00 0.52 

Land cover + River + Protected + Road + Pop 7662.18 -3821.05 0.18 0.48 

Land cover + River + Protected + Road 7673.33 -3827.63 11.32 0.00 

River + Protected + Road 7675.70 -3833.84 13.69 0.00 

Land cover + Protected + Road + Pop 7712.23 -3847.09 50.23 0.00 

Protected + Road + Pop 7712.61 -3852.30 50.61 0.00 

Land cover + Protected + Road 7723.35 -3853.65 61.34 0.00 

Protected + Road 7725.56 -3859.77 63.55 0.00 

River + Road + Pop 7752.66 -3872.32 90.66 0.00 

Land cover + River + Road + Pop 7754.37 -3868.15 92.36 0.00 

Land cover + River + Road 7757.16 -3870.56 95.16 0.00 

River + Road 7757.25 -3875.62 95.25 0.00 

Road + Pop 7793.51 -3893.75 131.50 0.00 

Land cover + Road + Pop 7794.55 -3889.25 132.55 0.00 

Land cover + Road 7797.52 -3891.74 135.51 0.00 

Road 7797.95 -3896.97 135.94 0.00 

Land cover + River + Protected 7846.81 -3915.38 184.81 0.00 

Land cover + River + Protected + Pop 7848.75 -3915.35 186.75 0.00 

River + Protected 7861.95 -3927.97 199.94 0.00 

River + Protected + Pop 7863.49 -3927.74 201.48 0.00 

Land cover + Protected 7893.68 -3939.82 231.67 0.00 

Land cover + Protected + Pop 7895.59 -3939.77 233.59 0.00 

Protected 7905.56 -3950.78 243.56 0.00 

Protected + Pop 7907.22 -3950.61 245.22 0.00 

Land cover + River 7945.37 -3965.67 283.37 0.00 

Land cover + River + Pop 7945.71 -3964.83 283.70 0.00 

River + Pop 7954.48 -3974.23 292.47 0.00 

River 7956.58 -3976.29 294.58 0.00 

Land cover 7983.19 -3985.58 321.19 0.00 

Land cover + Pop 7983.79 -3984.87 321.78 0.00 

Pop 7990.60 -3993.30 328.60 0.00 

Null model 7992.18 -3995.09 330.18 0.00 
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On average, true sighting points of Nile monitors were consistently closer to roads, 

protected areas and rivers than random points, regardless of human population density (Fig. 

2.5, Fig. 2.6). Nile monitors were seen further away from rivers with increased human 

population density (Fig. 2.5, Fig. 2.6). The distance to protected areas was similar in low- and 

high-density areas but greater in medium human density. Nile monitors were seen 63% closer 

to protected areas than random in low-density areas, 46% in medium and 49% in high. Distance 

to roads greatly decreased with higher human density levels in both random and true sighting 

locations (Fig. 2.5, Fig. 2.6). 

 

Figure 2.6: Average distance to protected areas, rivers and roads for both sightings and non-

sighting locations of Nile monitors in our study areas (sites A and B combined). (White = true 

sightings; Black = random locations). 

 

We could estimate the size class of 90% (n = 376) of Nile monitor individuals sighted. 

We found a total of 23 hatchlings, 113 sub-adults, 194 adults and 46 mature adults. There was 

little difference in the proportion of size classes between low and high human population 

density areas (Fig. 2.7). However, a greater proportion of juveniles and subadults with a low 
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proportion of adults were observed in medium human dense areas (Fig. 2.7). Adults were the 

predominant size class observed in low- and high-human density areas, with sub-adults 

dominating the medium-density areas. 

 

  

Figure 2.7: Nile monitor encounter rate of each estimated size class across a gradient of low 

to high human population density areas. (Note: Juveniles were estimated to be less than 40 cm 

in total length; Sub-adults were estimated to be between 40 cm and 100 cm; Adults were 

between 100 cm and 150 cm; Large adults were estimated to be larger than 150 cm).  

 

2.5 Discussion 

Our study showed that Nile monitors use a wide variety of habitat types across the landscape 

and can adapt to various levels of anthropogenic disturbance as found in other South African 

species across taxa (Ramesh & Downs, 2014; Thatcher et al. 2020; Maphalala et al., 2020; 

Singh et al., 2021; Downs et al. 2021). Many urban exploiting species alter their behaviour in 
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response to urbanisation (Downs et al. 2021). The reduced reliance on river systems in urban 

areas suggests behaviour plasticity in the Nile monitor’s adaptation to urban environments. The 

lack of residential sightings in site A can be interpreted in three ways: Firstly, when lots of 

natural habitats with low human density are available, Nile monitors do not exploit urban 

centres and will remain in natural habitats or urban outskirts. Secondly, these residential areas 

are simply unsuitable for monitors. Lastly, our lack of sightings from reptile relocation groups 

and large reliance on iNaturalist observations for the area resulted in sample bias against 

residential sightings. However, residential sightings from iNaturalist did occur in site B. There 

are also reports of citizen science observation being spatially aggregated around tourist 

locations (Auguste et al. 2020; Durso et al. 2021). Yet, our human-dense sightings of the area 

come from St Lucia, an important tourist destination (Forbes et al. 2020). Therefore, if such 

spatial bias is expected, more residential sightings would likely have been reported if they had 

occurred. 

 We found that Nile monitors persisted in urban mosaic landscapes and occurred in 

proximity to humans in KwaZulu-Natal. Urban use has been documented in multiple varanids, 

such as the ecologically similar Asian water monitor (Varanus salvator; Uyeda 2009; 

Karunarathna et al. 2017; Wongtienchai et al. 2020; Briggs-Gonzalez et al. 2022; Trivalairat 

and Srikosamatara 2023). Asian water monitors are overall less abundant in oil plantations than 

neighbouring forests in Northern Borneo, despite having abundant food (Guerrero-Sanchez et 

al. 2021; 2022). This is potentially because of limited refugia intensifying intra-specific 

competition amongst other aspects which overall reduced habitat suitability (Guerrero-Sanchez 

et al. 2021). Our results suggest Nile monitors are less abundant in exotic tree plantations 

(mainly pine Pinus spp. and eucalyptus Eucalyptus spp. monocultures for timber), yet rodents 

can be relatively abundant in South African timber plantations (Ferguson et al. 2003). This 

corroborates that the limited availability of refugia in plantations may result in less suitable 



 

 

40 

 

habitats despite the abundance of food. However, more research is needed on the perceived 

avoidance of plantations and associated prey by Nile monitors where adjacent suitable habitats 

are present. 

The proximity of Nile monitors to humans outlines concerns for potential conflicts with 

people and domestic animals. This may explain the preference for closed habitats (natural 

wooded land and urban vegetation) in human-populated areas, which offer more refugia (hiding 

and escape opportunities). It has been suggested that urban exploitation may be a key to the 

population persistence of urban exploiting varanids (Uyeda 2009). The evident persistence of 

Nile monitors in high human population density areas, paired with a seemingly healthy 

population demographic, further suggests that urban use may be an important aspect of their 

population maintenance in an increasing land use change scenario.  

We also outline the importance of managed and unmanaged green spaces in mosaic 

urban landscapes for the persistence of wildlife, particularly Nile monitors, as documented for 

other species in KwaZulu-Natal (Downs et al. 2021), based on their occurrence in the present 

study. Nile monitors use of small anthropogenic waterbodies, such as swimming pools and 

storm drains, based on their occurrence in urban mosaic landscapes in the present study, 

suggests a certain level of behavioural plasticity and adaptation to highly anthropogenic 

ecosystems.  

Nile monitors are projected to become threatened in parts of their range through climate 

change-induced loss of suitable habitat (Ejigu and Tassie 2020). Under several future climate 

scenarios, Ejigu and Tassie (2020) modelled the present and future habitat suitability for Nile 

monitors at Lake Tana Biosphere Reserve, Ethiopia. Their best-case-scenario projection 

predicted a reduction in habitat suitability in areas of over 54% by 2050 and over 90% by 2070. 

They argued that although they are presently listed as Least Concern, they may become 

threatened or endangered without effective conservation through loss of suitable habitat. 
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Wetlands in parts of South Africa have declined in distribution and size through agriculture 

and urban development and are expected to decline further through rising water scarcity and 

increased occurrence and intensity of droughts (Grundling et al. 2013; Price et al. 2022b; 

Thamaga et al. 2022). Reduced wetland connectivity through drought and anthropogenic land 

use change may also affect population demographics in some semi-aquatic species (Price et al. 

2021). Perhaps the loss of wetland habitats will cause population declines in Nile monitors in 

their affected range (Ejigu and Tassie 2020). Our results suggest that Nile monitors can use 

small artificial waterbodies regardless of associated foraging opportunities. Many nature 

reserves in South Africa presently use artificial waterholes to mitigate water scarcity or 

unpredictability (Sutherland et al. 2018). Future research should investigate the use of such 

structures by Nile monitors and their feasibility as a management tool in increasingly arid parts 

of their range. More research is needed on the potential impacts of treated pools and chemical 

runoff associated with cities such as Durban and increased flooding events, which have likely 

doubled in frequency in Durban in the last century (Lebepe et al. 2022; Grab and Nash 2023). 

This study serves as a baseline understanding of the urban use of Nile monitors and a call for 

research in this highly exploited yet understudied species (Whiting et al. 2011). 

Although monitors, like many other reptiles and ectotherms, sometimes use road 

surfaces for basking or foraging, the proximity to roads of our sightings likely reflects a 

limitation in the use of non-structure opportunistic data (i.e. reptile removal groups and 

iNaturalist; pers. obs.; Colino-Rabanal and Lizana 2012; Azmi et al. 2021). Many of our 

sightings from site A are from fenced reserves, where visitors are generally prohibited from 

exiting vehicles outside designated areas. Furthermore, sightings from reptile removal groups 

are predominantly from people’s homes. There was, therefore, an overall expected bias towards 

road proximity.  



 

 

42 

 

Further research is needed on morphological response to anthropogenic stressors. We 

cannot infer whether the observed differences in size class occurrences are a direct consequence 

of size-selected persecution or phenotypic plasticity in an urban environment. We suggest that 

further research be conducted on their morphology and people’s perceptions, with an emphasis 

on medium human dense areas because of our observed smaller size classes. It does, however, 

suggest the Nile monitors are finding suitable breeding sites in the mosaic urban matrix. 

Previous breeding records focus on their nesting behaviour in termite mounds (Cowles 1930; 

Branch and Erasmus 1982). During this study, we found urban Nile monitor nests in private 

residential gardens (e.g., in a compost heap, a failed attempt to lay in gaps in a garden retaining 

wall and uncovered eggs under a concrete deck, unpublished data). Additionally, a large 

individual was observed excavating a termite mound in a Durban urban green space by a 

member of the public (pers. comm.). Based on photographs, the individual’s size, activity and 

the time of year (June 2022), we believe this was a nesting attempt. The mound was visited 12 

days later, but no eggs were found. Whether the attempt failed or the nest was raided remains 

unknown. 

The use of a 78.54 ha buffer area in this study was a limitation as it may not reflect 

actual habitat use. The lack of knowledge on Nile monitor home range makes it difficult to 

assess this bias and may have resulted in under or over-exaggerated associations. Many species 

of monitors increase home range size with body mass, and it can vary greatly by individual, 

geographical location, habitat type, sex, diet, weather, and season (Thompson et al. 1999; 

Guarino 2002; Purwandana et al. 2021; Guerrero-Sanchez et al. 2022, 2023). Furthermore, 

many of our first-time urban encounters and conflicts were likely a result of a change or 

expansion of an individual monitor’s activity area rather than an encounter in the core area of 

their home range. However, the use of point low-resolution land use type for the resource 

selection functions showed similar results of strong association with water and a difference in 
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tolerance to humans and anthropogenic land use. This suggests that our chosen buffer size was 

accurate enough to show habitat associations of Nile monitors. This potential bias could be 

mitigated by a detailed study of their spatial ecology in which core home range characteristics 

could be assessed. We successfully detected habitat characteristics associated with Nile 

monitor encounters on a gradient of human population density, further enabling our ability to 

make research-based management decisions for urban and rural Nile monitors in KwaZulu-

Natal Province.  

 

2.6 Conclusions 

This study found that Nile monitors use natural, undisturbed habitats over anthropogenic land-

use types when it is abundant. However, they will use anthropogenic land-use types with no 

significant avoidance when the area is prominently modified at a landscape scale. Therefore, 

we suggest that the urban use of Nile monitors in KwaZulu-Natal is partly driven by habitat 

transformation and loss. With continued land use change, urbanisation and climate change-

induced loss of wetlands, the use of anthropogenic habitats by Nile monitors and conflicts with 

people will potentially increase. In urban landscapes, Nile monitors use small anthropogenic 

water bodies such as treated and untreated swimming pools and storm drains, showing 

behavioural adaptation and reduced reliance on river systems. This also outlines the importance 

of both natural and managed green spaces in urban mosaic landscapes of KwaZulu-Natal for 

the persistence of Nile monitors. There is a need for more research on this highly exploited yet 

understudied species. A better understanding of their spatial and temporal activity in urban and 

natural habitats and how they navigate complex urban centres would benefit future 

conservation efforts. Furthermore, the management of urban Nile monitors would benefit from 

a better understanding of people’s perceptions towards them, their associated myths and 

folklore, as well as their illegal exploitation and persecution in South Africa. 
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3.1 Abstract 

Globally, with the continuous increase in human populations, land use is changing at an 

unprecedented rate. Little is known about how African reptiles respond to urbanisation. We 

used mark-resight and baited camera traps to compare population density and demographics of 

Nile monitors (Varanus niloticus) on a gradient of land use, namely a golf course, a farm and 

a nature reserve in KwaZulu-Natal, South Africa, during 2022-2023. We also collected detailed 

morphometrics on 112 Nile monitors throughout KwaZulu-Natal. We compared morphometric 

data on limbs, head, body and mass to establish whether the different ecological factors in 

urban and rural environments and associated behavioural shifts have resulted in unique 

phenotypes. No significant morphometric differences were found, but urban individuals were 

generally smaller and lighter than their rural counterparts. Population size estimates varied 

between sites. Overall, population size estimates increased with anthropogenic disturbance 

between our three focal sites, while the mean estimated snout-vent length decreased. The naïve 

presence of competing diurnal mammals did not follow a specific pattern. The overall 

insignificant variations in morphometrics throughout urban and rural areas of KwaZulu-Natal 

suggests that Nile monitors have adapted to urban mosaic landscapes but are not as successful 

as some urban-exploiting varanids globally. Future research should investigate Nile monitor 

interactions with people and pets as well as conflict mitigation strategies. 

Keywords: Varanus; urban ecology; morphometrics; population estimate; mark-resight; urban 

adapter  
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3.2 Introduction 

Humans have directly transformed more than half of the Earth’s land surface and continue to 

do so in conjunction with a fast-growing population (Hooke et al., 2012). Sub-Saharan Africa 

is projected to experience the largest population growth of all continents (Gu et al., 2021; Brum 

et al., 2022). Much of Africa’s urban development is fast and unplanned, posing a threat to 

sustainable development (Cobbinah et al., 2015; Okeke, 2021). The conservation of persisting 

wildlife is key to sustainable anthropogenic development and human well-being (Kowarik et 

al., 2020; Brum et al., 2022). However, little is documented about the response of African 

wildlife to urbanisation and agriculture, especially in reptiles (Tolley et al., 2016; Downs et al., 

2021; Brum et al., 2022; Woolley et al., 2023). Studies on urban reptiles often lack detailed 

morphological and behavioural data (French et al., 2018). 

Nile monitors (Varanus niloticus [Linnaeus, 1758]) are the largest lizard in Africa and 

the fifth largest lizard in the world. They are widespread, yet understudied compared with other 

large charismatic lizards (Angelici & Luiselli, 1999; de Buffrénil & Rimblot-Baly, 1999; de 

Buffrénil & Castanet, 2000; de Buffrénil & Hémery, 2002; Enge et al., 2004; Dowell et al., 

2015). Large females can produce up to 60 eggs, showing one of the largest single clutch sizes 

among varanids (Thompson & Pianka, 2001; Auliya & Koch, 2020). However, many species' 

clutch sizes remain unknown, and others can breed year-round, produce multiple clutches a 

year and possibly exceed the reproductive output of Nile monitors (de Buffrénil & Rimblot-

Baly, 1999; Retes & Bennett, 2001; Zeeuw, 2010; Auliya & Koch, 2020). 

Morphology can be affected by multiple aspects of a species’ biology, such as retreat 

choice, habitat preference, physiology and feeding strategy (Thompson & Withers, 1997; 

Thompson et al., 2008; Collar, Schulte & Losos, 2011). There is a trend towards terrestrial 

monitors being exceptionally large and both rock-dwelling and arboreal species being small, 

suggesting that habitat use strongly influences the evolution of size and shape in monitor lizards 
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(Collar et al., 2011). Nile monitors are amongst Africa's most heavily exploited tetrapods, with 

estimates in Sahelian Africa reaching 2 million individuals hunted in peak years (de Buffrénil 

& Hémery, 2002; Dowell et al., 2015). Heavily exploited populations in Sahelian Africa have 

reduced longevity, mean age and snout-vent lengths (SVL) and accelerated initial growth with 

early sexual maturation compared with less heavily exploited populations (de Buffrénil & 

Hémery, 2002). Populations in West Africa appear to be declining because of habitat loss and 

extensive hunting for food, leather and the pet trade (Bio Oure et al., 2016). 

Differences in food availability in anthropogenic landscapes are known to affect 

varanid populations (Uyeda, 2009; Jessop, 2012; Guerrero-Sanchez et al., 2021, 2022, 2023). 

Asian water monitors (V. salvator) and lace monitors (V. varius) are known to exploit refuse 

tips and grow considerably in body mass and population size (Uyeda, 2008; Jessop, 2012). The 

abundance of Asian water monitors in areas with anthropogenic food waste and wild areas of 

Tinjil Island, Indonesia, differed greatly with 4 individuals/km2 in wild areas and 1400 

individuals/km2 in areas inhabited by humans (Uyeda, 2009; Uyeda et al. 2013; 2015). Habitat 

occupancy of Komodo dragons in the Flores region is negatively affected by proximity to farms 

and villages (Ariefiandy et al., 2021). There is generally an abundance of prey associated with 

urbanisation but likely at a lesser level than refuse tips (Singh & Downs, 2016a, b; Singh et al., 

2021; Downs et al., 2021; Lettoof et al., 2023). The extent of population growth in Nile 

monitors in response to human food sources is unknown, but dense populations have been 

recorded in areas of Kenya and Florida, USA (Western, 1974; Enge et al., 2004; Wood et al., 

2016). The well-established invasive population in Florida shows Nile monitors’ ecological 

plasticity (Enge et al., 2004; Savarie et al., 2011; Arida, 2008; Dowell et al., 2016; Eckles et 

al., 2017; Briggs-Gonzalez et al., 2022). They are breeding successfully and consume a wide 

array of native and invasive species found locally (Eckles et al., 2017; Mazzotti et al., 2020). 



 

 

57 

 

Both mark-resight and mark-recapture methods are commonly used to estimate abundance, 

monitor trends, and study the movement of wildlife (McClintock et al., 2014; Erb et al., 2015). 

Camera traps are low cost, low maintenance, and create minimal disturbance to the animal and 

can provide data on date, time, activity patterns, temperature, and individual identification of 

animals if they have natural or artificial individually distinct marks (Alonso et al., 2015; Moore 

et al., 2020; Purwandana et al., 2021).  

There is a need to further understand urban and rural population trends and dynamics 

of Nile monitors to inform management (de Buffrénil & Hémery, 2002; Ejigu & Tassie, 2020). 

In this study, we investigate the demographics and abundance of Nile monitors on a gradient 

of anthropogenic disturbance using mark-resight and camera traps at three sites in KwaZulu-

Natal, South Africa. Additionally, we collected morphological data from Nile monitors 

throughout KwaZulu-Natal to identify province-wide trends between urban and rural 

populations and recorded negative human/domestic animal interactions with Nile monitors. 

Our research questions were: Do Nile monitor population sizes change with increased 

anthropogenic activity? Are their demographics affected by anthropogenic activity? Have Nile 

monitors adapted morphologically to new ecological factors associated with urban 

environments? We predicted that rural Nile monitor populations would have larger individuals 

and less variation in body condition, that some urban areas would have a higher population size 

than in nature reserves, that Nile monitors have adapted morphologically to new ecological 

factors associated with urban environments, and that there is more evidence of potentially 

competing diurnal mesocarnivores in rural areas than urban habitats. 
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3.3 Methods 

3.3.1 Study area for morphometrics 

The province of KwaZulu-Natal is located on the east coast of South Africa and borders 

Lesotho, Eswatini, and Mozambique internationally, and the provinces of the Free State, 

Eastern Cape and Mpumalanga nationally, as well as a coastline of some 600 km along the 

Indian Ocean (Ndlovu & Demlie, 2020). Its climate is heavily influenced by the Indian Ocean, 

with high temperatures and rainfall in the austral summer that often rise above 25°C and can 

exceed 40°C during the day and cool, while there are dry winters that average ~ 20°C 

(Fairbanks & Benn, 2000; Ndlovu & Demlie, 2020). The mean annual rainfall in KwaZulu-

Natal ranges from 650 mm in eastern grasslands to 1400 mm in eastern Coastal Bushveld 

(Kruger & Nxumalo, 2017; Ndlovu et al., 2021; Mugiyo et al., 2022). This influence of 

relatively mild winters and high humidity creates favourable conditions for relatively large 

reptiles in KwaZulu-Natal, eastern Limpopo and eastern Mpumalanga (Alexander, 2007; Bates 

et al., 2014). All the Nile monitors measured in this study were caught in Pietermaritzburg, 

Durban and surrounding areas (Supplementary information Fig. S3.1). 

 

3.3.2 Study areas for population density 

Tala Collection Game Reserve (hereafter Tala) is a 3300 ha protected area situated south of 

Pietermaritzburg at approximately 650-700 m.a.s.l (Supplementary information Fig. S3.1). It 

is surrounded by agricultural land (sugar cane and cattle) and settlements with nearby 

impoundments that feed into the Umhlatuzana River and its catchment area (Humphries et al., 

2016; Price et al., 2022). There are 13 artificial dams and pans, with others outside the reserve 

boundary. 

Maritzburg Golf Course (hereafter golf course) is situated within the city of 

Pietermaritzburg, the provincial capital of KwaZulu-Natal (Supplementary information Fig. 
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S3.1). It is surrounded by residential and industrial areas and borders a wastewater treatment 

site. We have included Ascot Bush Lodge (29°36'12.1"S 30°24'38.6"E) in this field site as we 

believe the population is connected through proximity and the Msunduzi River. It borders an 

industrial area and the N3 motorway. Together, this is approximately a 134 ha area. The golf 

course has nine small ponds and is traversed by the Blackborough stream, which flows into the 

uMsunduzi River nearby, both of which are highly polluted (Bulannga & Schmidt, 2022; 

Ngubane et al., 2023). Ascot Bush Lodge borders the uMsunduzi River and has two artificial 

ponds. The mean monthly maximum and minimum temperatures in Pietermaritzburg range 

from 30.7°C to 17.9°C, and rainfall is greater in summer (Singh & Downs, 2021). 

Bar Circle Ranch (hereafter farm) is an approximately 320 ha cattle and game farm 

(Supplementary information Fig. S3.1). It is situated 6 km south of Pietermaritzburg 

(29°40'41.9"S 30°28'51.6"E) and is predominantly grazed grassland with nine different 

artificial dams fed by a tributary of the Mpushini River. All nine dams are close by, ranging 

from 130 m to 390 m distance from each other. The farm is surrounded by other cattle farms, 

is near a motorway and borders a conservancy. It is thus more modified than Tala and less 

modified than the golf course. All three of these field sites are within 25 km of each other. 

 

3.3.3 Nile monitor captures 

Nile monitors were captured between July 2022 and October 2023 either by hand, sometimes 

using welding gloves (Johnsons, South Africa), or using baited step plate traps. Trap 

dimensions ranged from 300 x 300 x 900 to 700 x 700 x 1350 mm. The main bait used was 

chicken intestines (~400 g). Additionally, chicken necks or fish were hung from the trigger 

mechanism to increase our ability to trap small individuals. Each trap was faced with a camera 

trap (Moultrie MCG-13098, USA or Browning BTC-5HDPX, USA) to prevent theft and 

poaching, monitor by-catch, and record animal behaviour.  
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Traps were placed on water edges, covered for shade, or placed in attics and gardens if 

targeting particular urban individuals. Dead specimens were included if they were recently 

deceased and were in reasonable condition. Most urban specimens were caught by hand in 

people’s gardens or homes and relocated to suitable green spaces in a 10 km radius to avoid 

human/domestic animal-Nile monitor conflict. Many of these removals happened during 

conflicts, which may affect Nile monitor populations and were therefore recorded as evidence 

of negative human interactions. This study was approved by the University of KwaZulu-Natal 

Animal Ethics Committee (reference number: AREC/00004360/2022) and Ezemvelo KZN 

Wildlife (permit number: OP 2258/2022). 

 

3.3.4 Population estimates 

Population size was estimated at three sites using mark-resight. Nile monitors were marked 

using unique colour combinations of 10 mm x 10 mm x 3 mm glass beads sutured to the tail 

crest (Fig. 3.1). They were sutured about a third of the way down the tail using two threads of 

sterilised 19 kg strength 0.6 mm thick copolymer monofilament fishing line (Adrenalin, South 

Africa) and further secured with cyanoacrylate glue (Q-Bond, South Africa). Animals were 

restrained by hand and given a glove to bite on. A total of two or four glass beads of one or 

two different colours were used per individual and mirrored on both sides of the tail, 

maximising visibility from multiple angles. Four easily distinguishable colours were used, 

allowing 20 unique combinations per field site. Hatchlings were not externally marked, and 

sub-adults under 375 mm SVL only received one pair of beads. The yellow stripe on which the 

beads were placed also varied and was noted in case any beads came off after release.  

After marking individuals, one to two baited camera trap stations were deployed near 

water edges at each site. We opted for baited camera traps to maximise detection, an effective 

method used for Komodo dragons (V. komodoensis; Purwanda et al., 2021). Each station 
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comprised of a wire mesh cage baited with either chicken intestines, chicken necks or goat, and 

two camera traps. Camera traps were set on motion detect with minimal trigger delay (1 to 5 

seconds delay, depending on the model) and were placed about 2 m away from the bait, one 

facing from above and one from the side. These stations were rebaited on the same day every 

two to four weeks. The golf course and farm each had one station, while Tala had two stations 

to account for the difference in size and distance between marked individuals. Stations were 

placed in suitable areas within 5 m of the edge of dams where monitors were regularly seen 

(pers. comm.).  

 

 

Figure 3.1: An example of our Nile monitor bead marking system (left) and a resighting 46 

days after release (right).  

 

We attempted to use version 5b of MegaDetector to sort through photographs using 

pattern recognition (Beery et al., 2019; Fennell et al., 2022). However, the threshold had to be 

set very low (>0.05 confidence) because of questionable detection rates for reptiles, and 
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ultimately, all daytime photographs were viewed by the authors. Although some varanids 

exhibit nocturnal activity, we have found no evidence of such behaviour in Nile monitors 

(Rhind et al., 2013; Uyeda et al., 2013; Clarkson & Massyn, 2020). Initially, all photographs 

were inspected in the field, where the lack of nocturnal sightings was noted. Due to the lack of 

evidence of nocturnal activity, photographs were removed if they were taken between 23h00 

and 03h59. We used photographs from 16 February to 28 August 2023 for the golf course. We 

used photographs from 08 March to 21 November 2023 for the farm. We used photographs 

from 16 February 2023 to 20 August 2023 for Tala. Camera malfunctions were considered to 

ensure each site had working cameras for 174 days between these timeframes. We defined an 

independent detection event as consecutive triggers separated by over 15 min. difference unless 

the individual seen was visibly different (Moore et al., 2020). When possible, we used the 

known dimensions of each bait cage and of marked individuals to estimate the SVL of each 

sighting. Estimates of SVL in perenties (Varanus giganteus) based on camera trap photographs 

varied between 6 and 78 mm (Moore et al., 2020). Due to varying positions, distances and 

angles of monitors towards the camera, we estimated SVL at ± 50 mm accuracy. We confirmed 

our accuracy by estimating the SVL of marked individuals, all of which were within the  ± 50 

mm accuracy threshold. When processing photographs, monitors were labelled as “marked”, 

“unmarked” or “unconfirmed” if the tail was not visible during the independent trigger event. 

Unconfirmed trigger events were excluded from analyses. 

 We used three equations to calculate population density to mitigate potential biases 

(Mercer et al., 2013). These assume population closure, equal likelihood of capture amongst 

individuals and sampling efforts, and that the marking does not come off nor affect their 

survival or mobility (Mercer et al., 2013). We used the Peterson estimate (Krebs, 1999): 

Nest  = (M x S)/R 
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Where Nest is the estimated population size index, M is the number of individuals marked, S is 

the total number of sightings, and R is the number of resightings. The Peterson equation is 

widely used, is therefore repeatable, and allows comparison (Krebs, 1999). However, it can 

result in biased estimates, which can be mitigated by the inclusion of the following equations: 

The Seber equation (Seber, 1982; Krebs, 1999; Mercer et al., 2012): 

Nest = [(M + 1)(S + 1)]/(R + 1) – 1 

Lastly, we used the Bailey equation (Bailey, 1951): 

Nest = [M(S + 1)]/(R + 1) 

We recorded detections of some potentially competing mesocarnivores (e.g., mongooses, 

genets, servals, jackals and otters). These were quantified as the number of independent trigger 

events per day of trapping. 

 

3.3.5 Morphometric data collection 

We recorded the geographical location coordinates for each Nile monitor capture with a GPS  

(Garmin, Olathe, USA). We took a total of 11 measurements similar to those of Thompson et 

al. (2008)(Fig. 3.2). Tail length and SVL were measured using a measuring tape at ±2 mm 

accuracy (Gelmar, South Africa). Upper limbs were measured using small 280 mm analogue 

callipers at ± 1 mm accuracy (SKU KEN35311, Kendo, China). Tail, head and body widths, 

head and lower limb lengths, and head depth were measured using large 650 mm analogue 

callipers (Haglof, S-88200, Sweden) at ± 1 mm accuracy. Body mass was recorded using a 

digital spring scale at 10 g accuracy (Sensation Tom Thumb 490005, South Africa) by 

weighing the monitor in a closed container and subtracting the container's mass.  

Varanids are notoriously hard to sex in the field (Mayes et al., 2005; Rovatsos et al., 

2015). Nile monitors are particularly hard to sex, thus studies that include sex determination 

are limited to dead specimens (e.g., De Buffrenil, 1999; Awad Alshehri & Hassaneen, 2021; 
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Dalhuijsen, Branch & Alexander, 2014). We could only sex individuals if they were gravid or, 

in rare cases, of non-partial hemipenes or hemiclitoris eversion (Funk, 2002). This was rare, so 

sex could not be included in our analyses. 

 

 

Figure 3.2: Morphometric data recorded in this study with TL = tail length; SVL = snout-vent 

length; TB = tail base; BW = body width; LHL = lower hindlimb; UHL = upper hindlimb; LFL 

= lower forelimb; UFL = upper forelimb; HL = head length; HW = head width; HD = head 

depth. (Silhouette source: https://www.phylopic.org/). 

 

Each individual was marked using a BackHome Super Mini Passive Integrative 

Transponder (PIT) tag to avoid double counts (Virbac, South Africa). Recaptured individuals 

were remeasured to gain insight into their growth, but we excluded these from morphometric 

analyses. 

We used descriptive statistics and analysis of covariance (ANCOVA) with SVL as a 

covariate to account for body size to summarise data and test the variance in means of 

morphological data and body mass of adults in IBM SPSS Statistics (version 22_2022, IBM 

Inc., Chicago). We used linear regressions between log transformed body mass and log 

transformed SVL for body condition indices (BCI) (Green, 2001; Labocha et al., 2014).  
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3.4 Results 

3.4.1 Population size estimates 

We externally marked 29 Nile monitor individuals across three usable sites: 11 at the golf 

course, five at the farm and 13 at Tala. One marked individual from Tala was translocated to 

the site after receiving veterinary treatment. It was resighted once 56 days later, only 38 m from 

its release. Another from the farm was translocated from an urban garden 6850 m away from 

its release location. This individual was never resighted or recaught. When cumulating 

distances between sightings, a 4095 g and 555 mm SVL marked individual travelled a strict 

minimum of 2590 m between 11 January 2023 and 16 May 2023 (125 days; Supplementary 

information Fig. S3.1).  

We obtained 203,939 photographs between 16 February 2023 and 11 October 2023. 

Most came from Tala (81%), followed by 14% from the farm and 5% from the golf course. 

After excluding sightings outside of our used timeframe of 174 days, we had 90 Nile monitor 

sightings at the golf course, of which 28% (n = 25) were marked, and 18% (n = 16) were 

unconfirmed. The farm had 76 sightings, of which 16% (n = 12) were marked, and 21% (n = 

16) were unconfirmed. Tala had 175 sightings, with 61% (n = 82) marked and 10% (n = 13) 

unconfirmed. We calculated the highest population density estimates at the golf course (mean 

index = 32.6), followed by the farm (mean index = 25.2), and the lowest estimate was in Tala 

(mean index = 21.1; Table 3.1). The farm had the most independent trigger events of 

mongooses per day. The golf course had the lowest number of mammalian mesocarnivore 

trigger events (Table 3.1). The average estimated SVLs per site were 386 ± 93 mm (n = 83) at 

the golf course, 434 ± 121 mm (n = 70) at the farm and 452  ± 68 mm (n = 193) at Tala. 
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Table 3.1: Population size estimates of Nile monitors and independent trigger events per day 

of several mammal species in the three sites used in this study. Population estimates are given 

with minimum and maximum 95 % bootstrap confidence intervals. 

Site Lincoln–

Petersen 

estimate 

(min-max) 

Seber 

estimate 

(min-max) 

Bailey 

estimate 

(min-max) 

Mongoose 

/day 

Genet 

/day 

Serval 

/day 

Jackal 

/day 

Otter 

/day 

Golf 32.6 

(24.7 - 47.9) 

33.6 

(21.0 - 44.8) 

31.7 

(24.3 - 45.8) 

  

0.06 0.00 0.00 0.00 0.00 

Farm 25.0 

(16.7 - 50.0) 

27.2 

(13.1 - 38.0) 

23.5 

(16.1 - 43.6) 

  

0.85 0.10 0.01 0.04 0.02 

Tala 21.0 

(18.8 - 23.8) 

21.5 

(16.5 - 24.5) 

20.9 

(18.8 - 23.7) 

0.06 0.08 0.00 0.01 0.02 

 

3.4.2 Urban and rural morphometrics 

We measured and weighed 112 Nile monitors between July 2022 and October 2023. Rural 

individuals ranged from 25 to 10340 g (n = 32, mean = 3855, SD = 2626) and 110 to 735 mm 

in SVL (n = 32, mean = 511, SD = 142). Urban individuals ranged from 25 to 9550 g (n = 79, 

mean = 2676, SD = 2248) and 114 to 700 mm in SVL (n = 80, mean = 455, SD = 147). 

Individual body mass increased with SVL, with more variation observed in the urban adult 

population than in the rural adult population (Fig. 3.3). On average, the body condition index 

was slightly higher in rural individuals (BCI = 0.960, SE = 0.095) than urban (BCI = 0.957, SE 

= 0.122).  

Three urban individuals were gravid, two of whom were kept in captivity until eggs 

were laid; dogs killed the third, and eggs were removed. In all three cases, the mass without 

eggs was used for analysis. Due to the low sample size of rural juveniles, we had to compare 

adults only for analysis (SVL > 375 mm). We found no significant differences in morphology 
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Figure 3.5: Nile monitor morphometric data by snout-vent length in urban and rural 

individuals used in this study. (Note: with HL = head length; HD = head depth; TB = tail base; 

BW = body width). 
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Figure 3.6: Comparative means of morphometric lengths and body mass between urban and rural adult Nile monitors. (Note: Whiskers show 95 

% confidence intervals. SVL = snout-vent length; LFL = lower forelimb; LHL = lower hindlimb, UFL = upper forelimb; UHL = upper hindlimb; 

Red =  rural, Blue = urban).
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3.4.3 Negative human-Nile monitor interactions 

During our study, we found evidence of illegal hunting of Nile monitors on the golf course and 

neighbouring wastewater treatment facility. An unidentified person was caught on a camera 

trap, removing a young adult monitor from our trap on 2nd June 2023. He was then seen killing 

and bagging the carcass. The whole event happened within 45 min. of us visiting the trap. We 

reported the incident and removed our traps immediately. On 2nd September 2023, we found 

and removed five snare traps made of nylon builders' line set around the edges of golf ponds, 

some in the open, tethered to sticks pushed into the ground, others amongst bushes, tethered to 

branches. We believe these targeted monitors because of their placement, size, previous 

incidence of poaching, and discussion with the golf course manager. More snares were found 

on the next three consecutive visits. Illegal hunters and their hunting dogs (Canis lupus 

familiaris) have also been reported from the neighbouring wastewater treatment plant (pers. 

comm. Gula, Downs unpublished data). 

We found Nile monitor individuals (n = 11) with severe or fatal injuries caused by 

domestic dog conflicts, severe or fatal injuries likely from interactions with people (n = 4), and 

others from fatal vehicle collisions (n = 3; Supplementary information Fig. S3.2). 

 

3.5 Discussion 

The population size of Nile monitors at our three sites varied with increased anthropogenic 

activity. The golf course had an estimated 32.6 (± 11.6) Nile monitors, which was 8.0 (± 16.7) 

more than the farm and 11.0 (± 2.5) more than Tala. Increased abundance with anthropogenic 

activities was also recorded in Asian water monitors, even in areas with high levels of 

harvesting for local and international trade (Twining et al., 2017; Khadiejah et al., 2019). Nile 

monitors were both consistently more abundant and smaller on average, with increased 

anthropogenic intensity between our field sites, not accounting for area. Nile monitors in Lake 
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Chad reach sexual maturity at 360 ± 20 mm SVL, and males in Chad and Mali reach sexual 

maturity at 360 mm and 400 mm, respectively (de Buffrénil & Rimblot-Baly, 1999; de 

Buffrénil et al., 1999). Although this may differ slightly in South African individuals, it 

suggests that the average Nile monitor at the golf course is just reaching sexual maturity. 

Moreover, reproductive output in the species increases considerably with female size (de 

Buffrénil & Rimblot-Baly, 1999; Auliya & Koch, 2020).  

Overall, our results suggest that the farm and Tala may have a higher proportion of 

large Nile monitor individuals capable of producing large clutches than the golf course. Despite 

this, the overall abundance was lower. We suggest that there may be less predation on juveniles 

at the golf course than in the less intensive anthropogenic sites but that larger specimens are 

more at risk of persecution. Our study found evidence of illegal hunting on the golf course and 

a neighbouring wastewater treatment facility. It is difficult to say whether the perceived 

reduced size class in the population results from direct persecution or other anthropogenic 

factors. In Sahelian regions of Africa, the average age of Nile monitors decreases with 

increasing levels of exploitation (De Buffrénil & Hémery 2002). This may be a factor in urban 

areas, where larger individuals are targeted but also more likely detected by dogs, people and 

vehicles. We could not assess the age of individuals as this requires dead specimens for 

skeletochronology (De Buffrénil & Castanet, 2000). Tree agamas (Acanthocerus atricollis 

atricollis) in a communal settlement in South Africa were found significantly more abundant 

in villages than adjacent communal rangelands despite an overwhelmingly negative perception 

of people towards and 84% of respondents actively deterring the species (Whiting et al., 2009). 

Another event that may have affected population demographics at the golf course was an 

intensive clearing of trees and debris in April 2023, including some dead trees which were 

frequently used for basking (pers. obs.). Future studies would benefit from more study sites for 

population size estimates to identify broader trends. There is a need to assess levels of 
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exploitation of this protected yet targeted species in South Africa (Alexander, 1990; Whiting 

et al., 2011). We also recommend investigating the potential impacts of chemical runoff and 

other forms of pollution associated with rivers in cities, such as Durban, and increased flooding 

events, which have likely doubled in frequency in Durban in the last century (Lebepe et al., 

2022; Grab & Nash, 2023). 

The golf course had the least evidence of potentially competing diurnal mesocarnivores. 

The main mesocarnivores found were mongooses with considerable overlap in their 

opportunistic diet with Nile monitors, such as crustaceans (Dalhuijsen et al., 2014; Streicher et 

al., 2022). This potentially reflects a similar pattern to Southeast Asian water monitors (V. 

salvator macromaculatus) in which their relative occupancy increased with land use intensity 

(oil palm plantation > logged forest > primary forest) while Malay civets (Viverra tangaluna) 

noticeably decreased, albeit insignificantly and with variability (Twining et al., 2017).  

We marked and released 60 Nile monitor individuals throughout the urban mosaic 

landscape of Durban with PIT tags and only one individual has been recaught. This lack of 

recaptured monitors in Durban suggests a considerable population size, low survivorship of 

translocated animals, or that individuals remain within the boundaries of their release location 

(urban green spaces). We cannot make any conclusions regarding the Durban population size; 

however, this outlined the benefits of mark-resight over mark-recapture for this elusive species. 

An individual was sighted in Tala with noticeable notches where beads had been sutured. Three 

individuals were subsequently recaptured with these notches, confirming that some of our 

sutured beads were ripped off, which systematically resulted in two distinct marks. Fortunately, 

we varied the yellow band on which beads were placed between individuals and sites and kept 

photographs. These individuals were marked again and successfully identified on photographs 

with and without beads. One large individual at Tala (SVL = 705 mm) was resighted, with all 

four beads still attached 493 days after initial release. Most sightings throughout the camera 
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trapping in Tala had beads (60%). Labelling individual animals with unique and distinct 

markers is necessary in many ecological studies (Johnson, 2005). Permanent markings by 

morphological altercation, such as toe clipping, have been widely used in amphibians and 

reptiles, including monitor lizards, but are often hard to see from a distance reliably, often lack 

ethical considerations and reduce survivability in many species (Perry et al., 2011; Plummer & 

Fernet, 2013; Galdino, Horta & Young, 2014; Olivera-Tlahuel et al., 2017). Another permanent 

varanid marking is tail notching (Bennett, 2000). This method involves cutting a “V” shaped 

notch from the lizards’ tail crest. However, Nile monitors often have similar notches in the wild 

from natural or anthropogenic causes (pers. obs.). Pattern recognition software can also be used 

in species with naturally occurring unique pattern variations between individuals (Gardiner et 

al., 2014; Moore et al., 2020). 

The most common method of marking monitor lizards is using paint, but it is not 

permanent (e.g., Phillips, 1995; Phillips & Millar, 1998; Jessop et al., 2012). Sutured beads 

were first used to permanently mark a lizard in 1989 (Fisher & Muth, 1989; Galdino et al., 

2014). Many studies have used and improved the method (Galdino et al., 2014; Singh et al., 

2021). To our knowledge, this is the first record of beads used on a monitor lizard. We were 

able to recognise marked and most unmarked Nile monitor individuals. One large individual 

was resighted, with all four of its beads attached after over a year. Most sightings throughout 

the camera trapping in Tala had beads. We believe the combination of PIT tagging and sutured 

beads (if the placement is varied along the tail and recorded) is a successful method to mark 

semi-aquatic varanids for extensive periods. However, the ability of individuals to bite them 

off should not be overlooked. 

Despite the decrease in estimated size classes found between our sites with increased 

anthropogenic intensity, there was no significant difference in morphology between urban and 

rural individuals at a provincial level. However, a general trend was toward heavier, bulkier 
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adults in rural areas. Globally, urban lizards tend to have access to better resources and more 

time for foraging, resulting in larger body sizes than their rural counterparts (Putman & Tippie, 

2020). This was observed in lace monitors, where individuals were significantly bigger and 

bolder in anthropogenically modified habitats and areas with human-mediated trophic 

subsidies (Jessop et al., 2012; Pettit et al., 2021a,b). Asian water monitors are also known to 

increase in size with land use intensity and the presence of human food scraps (Uyeda 2009; 

Twining et al., 2017). They can consume human food waste (~ 36.7 % of the diet mass of the 

population in Malaysia) and even include unusual items like cooked rice (Uyeda 2009; 

Karunarathna et al., 2012, 2015; Yu et al., 2021). Although the diet of urban Nile monitors is 

unknown, a broader diet which includes abundant and highly accessible items may facilitate 

urban exploitation and increased body mass more for Asian water monitors than Nile monitors. 

Urban dugites (Pseudonaja affinis) in Western Australia also don’t differ greatly to their rural 

counterparts and are generally smaller (Wolfe et al., 2018). Similar to these snakes, Nile 

monitors have adapted and are persisting in urban environments, but do not seem to greatly 

benefit from urban resources like true urban exploiters do. However, details of their urban diet 

are needed to reach such conclusions, as other factors may affect their body condition such as 

pollution or parasite load (Lazić et al., 2017; Lettoof et al., 2021). Our results suggest that 

despite persisting in urban environments, Nile monitors are not as successful in anthropogenic 

areas as some other varanids globally. We found individuals with severe wounds from negative 

interactions with people, dogs, and vehicle collisions. Differences in diet and anthropogenic 

stressors such as conflicts, heavy pollution and poor diet quality may be linked to the slight 

trend in smaller and lighter individuals in urban areas. The overall insignificant differences 

suggest that Nile monitors are urban adapters but are not as significantly different from their 

rural counterparts as in some other varanid species. 
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3.6 Conclusions 

This study found evidence of localised response to anthropogenic land use in KwaZulu-Natal. 

The golf course had the largest population size estimate of Nile monitors, the farm had the 

second largest population estimate, and the game reserve had the smallest. However, the 

estimated size of individuals decreased with anthropogenic intensity. The average estimated 

size of Nile monitors at the golf course was 386 mm, just over the size of sexual maturity in 

females. We also found poaching of Nile monitors at the golf course and the least evidence of 

potentially competing diurnal mesocarnivores. We suggest juveniles have a higher survival rate 

at the golf course than in rural areas, while larger individuals may be more at risk. The game 

reserve had the largest average size class, the smallest population size estimate and the highest 

diversity of potentially competing diurnal mesocarnivores. The morphology of adults at a 

provincial scale did not vary significantly but showed a general trend towards larger and 

heavier individuals in rural areas than in urban. Overall, the lack of significant differences in 

urban morphology at a provincial level suggests that Nile monitors are successful urban 

adapters but not significantly different from their rural counterparts as in some other similar 

varanid species globally. Future studies should focus on the impact of environmental pollution, 

diet, and human dimensions of urban monitors to better understand the perceived localised 

trends in urban mosaic landscapes. 
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3.9 Supplementary information 

 

Supplementary information Figure S3.1: Chronological path between sightings of marked 

Nile monitors, including initial capture location, opportunistic sightings, transect sightings and 

camera trap observations. Blue dots are the last location seen. A = between 11/01/2023 and 

16/05/2023. B = between 10/03/2023 and 03/10/2023. C = between 30/10/2022 and 

10/03/2023. 
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Supplementary information Table S3.1: ANCOVA of morphometric lengths, body mass and 

tick load with SVL as a covariate between urban, rural and total KZN adult Nile monitors. 

Lengths are given in mm and mass is in grams. The trend shows the relation to urbanisation.  

 Mean rural Mean urban Trend Mean KZN F value P value 

Tail 807.6 ± 75.10 811.2 ± 47.90 ↑ 809.7 ± 40.72 0.25 0.62 

HW 47.1 ± 3.40 46.3 ± 2.62 ↓ 46.6 ± 2.03 0.00 0.96 

HL 86.3 ± 7.33 81.3 ± 4.08 ↓ 83.4 ± 1.89 2.37 0.13 

HD 38.2 ± 3.20 38.1 ± 2.43 ↓ 38.1 ± 2.99 0.21 0.65 

TB 52.8 ± 5.03 50.2 ± 3.81 ↓ 51.3 7.19 0.82 0.37 

BW 118.8 ± 10.98 110.7 ± 9.77 ↓ 114.0 ± 5.99 1.42 0.24 

LHL 150.2 ± 9.31 144.1 ± 8.08 ↓ 146.6 ± 5.99 1.57 0.21 

UHL 69.0 ± 5.42 66.1 ± 3.13 ↓ 67.3 ± 5.36 0.87 0.36 

LFL 121.3 ± 8.23 115.3 ± 7.26 ↓ 117.8 ± 5.36 2.51 0.12 

UFL 55.6 ± 2.73 51.7 ± 3.13 ↓ 53.3 ± 2.73 3.36 0.07 

Mass 4005.2 ± 846.32 3667.0 ± 690.91 ↓ 3807.1 ± 523.19 0.33 0.57 

Ticks 18.7 ± 7.37 19.5 ± 14.17 ↑ 19.2 ± 8.72 0.02 0.88 
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Supplementary information Figure S3.2: Examples of anthropogenic threats to Nile 

monitors encountered in Durban, KwaZulu-Natal. (A = Injuries from a dog conflict. B = Live 

Nile monitor on sale and tied to a street post before being confiscated. C = Hatchling found in 

a residential garden with two fishing hooks implanted in its thorax and abdomen. D = One of 

two hatchlings found live in an oil container). (Photographs © Nick Evans). 
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CHAPTER 4 

General discussion, conclusions and management recommendations 

 

This chapter serves as a synthesis of the previous data chapters above. We aim to make 

recommendations based on our research on aspects of the urban and rural ecology of Nile 

monitors (Varanus niloticus) in KwaZulu-Natal, South Africa, conducted between July 2022 

and December 2023. Overall, this can be seen as a case study of a highly exploited and 

persecuted species that is beating the odds by successfully persisting in anthropogenic 

ecosystems, even in human population-dense areas. However, they are not as successful as 

other urban exploiting varanids globally and would benefit from the recommendations 

hereafter described. 

 

4.1 Background 

Nile monitors (Varanus niloticus) are the largest lizard in Africa, are widespread and are one 

of the most exploited tetrapods in Africa, mainly for bushmeat, leather, the pet trade, and 

traditional medicines (De Buffrénil & Castanet, 2000; de Buffrénil & Hémery, 2002; Enge, 

2004; Dowell et al., 2015). They are projected to become threatened in parts of their range 

without successful management (Ejigu & Tassie, 2020). However, they are greatly 

understudied and much of their ecology is unknown. Nile monitors occur in a wide variety of 

habitats in KwaZulu-Natal, including the province’s urban areas. Little is known about their 

persistence, behaviour, and movement patterns in urban ecosystems. Successful management 

and a better understanding of their urban ecology may be key to the population maintenance of 

such varanids in an increasing anthropogenic changing land use scenario (Uyeda, 2009). Many 

see them as vermin, which results in human-wildlife conflict. There are also prominent myths 
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and folklore about them (EG unpublished data). Overall, there is a need for research-based 

management and conflict mitigation. 

 

4.2 Findings 

Personal sightings supplemented with citizen science records and reptile relocation groups 

were used to investigate Nile monitors' habitat use and distribution in KwaZulu-Natal (Chapter 

2). Two areas of KwaZulu-Natal where most of the sightings occurred were compared. One 

area was dominated by natural land, while the other was dominated by anthropogenic land use 

(Chapter 2). By using resource selection functions, the relative selection strengths of various 

land-cover types over anthropogenic land use were determined. Nile monitors in the human-

dominated site only showed a preference for grassland and overall little preference for other 

land cover types over anthropogenic land (Chapter 2). In contrast, the Nile monitors in the area 

dominated by natural land showed a preference for all tested land cover types over 

anthropogenic land use (Chapter 2). This showed that Nile monitors are persisting in some 

modified areas of KwaZulu-Natal and that their urban use is driven by habitat modification 

and/or loss (Chapter 2). This suggests that continued land-use change as a response to growing 

human populations is likely to increase human-monitor interactions and conflicts. Monitors 

showed a strict avoidance of exotic timber plantations throughout. They had a highly 

significant association with distance to rivers throughout, but their use of swimming pools and 

storm drains in urban ecosystems has reduced their reliance on rivers, implying both managed 

and unmanaged areas are important for their persistence in mosaic urban landscapes (Chapter 

2). 

Three sites on a gradient of anthropogenic intensity (a golf course, a cattle and game 

farm, and a game reserve) were used to monitor Nile monitors in KwaZulu-Natal (Chapter 3). 

Mark-resight with baited camera traps was used to estimate population size and estimated 
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snout-vent length (Chapter 3). Overall, population size estimates increased with anthropogenic 

intensity, while the average estimated snout-vent length decreased. Evidence of poaching of 

Nile monitors was found at the golf course (Chapter 3). It is suggested that juveniles might 

have a greater survival rate in urban areas than in rural ones, but adults are at an increased risk 

of anthropogenic threats. A general trend of rural Nile monitors being bulkier, heavier, and 

reaching bigger sizes than urban ones was found (Chapter 3). However, there was no significant 

difference between urban and rural individuals when comparing the means of various 

morphological data and body mass of adult Nile monitors at a provincial scale (Chapter 3). It 

is concluded that some Nile monitor populations are negatively affected by anthropogenic 

activities but that, at a provincial level, they are successful urban adapters (Chapter 3). 

In-person interviews were conducted, and an online questionnaire was shared (both in 

English and isiZulu), to document people’s perceptions, their myths, and the folklore on Nile 

monitors in KwaZulu-Natal. Online questionnaires showed a general appreciation for the 

species and their conservation, with little direct evidence of traditional use or hunting, and were 

mainly presented as rumours. However, when conducting in-person interviews, conflicting 

results with many myths were reported. Some of the beliefs reported in the interviews included: 

They drink cows’ milk either by climbing up the cow’s leg or by shapeshifting into a calf; They 

can shapeshift into many different animals (usually snakes when they feel threatened); If they 

whip you with their tail it will break  bone and create an injury that will never heal and causes 

a pain that reoccurs every year on the same day; Injecting monitor lizard blood into a patient 

will cure some diseases including HIV; Carrying a vial of their fat or applying it cutaneously 

brings money, strength, good luck and/or will manifest an easier life; Wearing an item made 

from their skin (usually a bracelet) makes you invincible, with one person detailing “their skin 

is tough, a person wearing the skin won't get hurt even if a large rock falls on them.”; Their 

internal organs have medicinal properties; Consuming the meat of a Nile monitor makes you 
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stronger but also cancels “love spells” which has resulted in many divorces; All lizards found 

in or near the house bring bad luck and they must be killed; They sometimes sit on people’s 

chests while they are sleeping and use their forked tongue to eat the brain, going through the 

nose.’ 

 One young adult interviewed said “I think they are quite beautiful; I like them actually. 

But we can sell them and get something from them. It’s an exchange. When I catch them, I get 

money. Even as a child, I would get money and I would wear their skin as a bracelet which 

gave me strength”. A woman also answered “I heard that our ancestors used to kill these 

animals for making traditional medicines and that a child was caught by a crocodile while 

crossing a river and was saved by a Nile monitor. That made me understand that they are good 

animals and they are good to the people if they are also good to them”. This woman continued 

to explain that she had stopped purchasing traditional medicine derived from monitor lizards 

since being told that story. Despite the many misbeliefs and the general negative nature of them 

towards Nile monitors, this later statement is promising evidence that, at least for some people, 

public outreach could be a successful measure to reduce demand. Furthermore, one person 

explained that a Nile monitor, dead or alive, can be sold to traditional healers for 200 ZAR/kg 

(~10.63 USD/kg). The average body mass of all Nile monitors caught in this study was 3.1 kg, 

and the heaviest was 10.3 kg. This suggests that on average, a person can sell their catch for 

617 ZAR (~32.7 USD) and can earn up to 2068 ZAR (~109.7 USD) from a single lizard.  Most 

(68%) of online respondents knew that they were a protected species in South Africa, while 

only 6% of people interviewed in person knew of their protected status. Public outreach may 

help reduce the demand for Nile monitor products, but an impact on active persecution may be 

harder to achieve. We presently have little to no evidence of implementations or enforcement 

of their protected status in KwaZulu-Natal. 
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4.3 Limitations 

There were some limitations in our study on the habitat use of Nile monitors in KwaZulu-Natal 

(Chapter 2). Citizen science records can have spatial and temporal bias and must be addressed 

with caution (Di Cecco et al., 2021; Roberts et al., 2022; Shin et al., 2022; Geurts et al., 2023). 

Despite these limitations, it can provide much-needed data with limited resources, and when 

combined with professional data, can increase spatial coverage and produce more 

comprehensive datasets overall (Farhadinia et al., 2018; Mo & Mo, 2022; Forti & Szabo, 2023; 

Dimson et al., 2023). After reviewing each iNaturalist observation, rejecting dubious records, 

and combining them with our sightings, we were able to successfully analyse the distribution 

and habitat use of Nile monitors between two sites in KwaZulu-Natal. The lack of studies on 

their home range size was a limiting factor in the choice of buffer area size (Chapter 2). 

However, the comparison with our analysis using point land-cover type showed similar results, 

suggesting that our 500 m buffer area could be used to assess land-cover types associated with 

Nile monitor presence. Studying their home range would benefit future studies and the 

conservation of Nile monitors by improving our understanding of their environmental 

requirements and their adaptation to anthropogenic landscapes (Uyeda et al., 2012; McGregor 

et al., 2023). 

Concerns about theft of equipment and safety for monitors in traps limited our options 

for urban field sites for mark-resight (Chapter 3). We opted for Maritzburg Golf Course as 

previous studies have successfully used it as a site (Pillay et al., 2018; Singh et al., 2021). 

Despite being fully fenced and having private security, a total of two camera traps, one step-

plate trap and two bait cages were stolen between February and December 2023. Such 

limitations in finding field sites when studying the urban ecology of exploited species may 

result in an underrepresentation of the impact of poaching (Meek et al., 2018). Another 

limitation was the appearance of individuals having lost their beads. These were rare, and 
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multiple individuals were still marked after over a year (Chapter 3). Furthermore, these rare 

incidences left a distinctive notch in the tail crest, which we confirmed by recapturing 

individuals and scanning their PIT tag. We varied the placement of the sutured beads along the 

tail and were able to recognise marked and most unmarked Nile monitor individuals from both 

the presence/absence of notches and some distinct natural colour pattern variations or scars. 

 

4.4 Recommendations 

As mentioned above, Nile monitors are projected to become threatened in parts of their range 

without successful management (Ejigu & Tassie, 2020). The present knowledge of Nile 

monitor ecology is limiting research-based management decision-making. Asian water 

monitors (Varanus salvator) were the third most internationally exploited monitors in the world 

between 1975 and 2005 and continue to be among the most internationally traded varanids 

(Pernetta, 2009; Arida et al., 2020; Rifaie et al., 2023). Some countries in their range have 

harvest quotas, mainly for the international luxury leather trade (Koch et al., 2013; Khadiejah 

et al., 2019; Rifaie et al., 2023). An assessment of population size and demographics where 

intense harvesting occurs suggested that harvest levels were sustainable despite being high 

(Khadiejah et al., 2019). This was partly because of the preference for a specific body size 

range and that traders claim to release individuals with inferior skins (Khadiejah et al., 2019). 

Many other species are harvested at unsustainable levels (Koch et al., 2013). It is believed that 

a sustainable quota system is presently not feasible in South Africa because of the localised 

nature of exploitation, the observed lack of enforcement of their protected status and the general 

lack of knowledge on Nile monitor population dynamics, among other aspects of their ecology. 

It is recommended more research on people’s perception of Nile monitors using in-person 

interviews in conjunction with continued public outreach efforts that promote the much-needed 

equilibrium between reptile conservation and human well-being in Africa is undertaken (Tolley 
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et al., 2016; Brum et al., 2022). The priority for Nile monitor research should be to fill 

knowledge gaps which directly impact the ability to make research-based successful 

management decisions. 

 Wetlands are presently declining in size and distribution in southern Africa and are 

projected to continue, which could affect semi-aquatic reptiles like Nile monitor (Grundling et 

al., 2013; Ejigue & Tassie, 2020; Price et al., 2021, 2022; Thamaga et al., 2022). Our results 

suggest that urban Nile monitors can partly meet their ecological needs using small artificial 

water bodies like swimming pools and storm drains (Chapter 2). Many nature reserves in South 

Africa presently use artificial waterholes to mitigate water scarcity or unpredictability 

(Sutherland et al., 2018). Future research should investigate the use of such structures by Nile 

monitors and their feasibility as a management tool in increasingly arid parts of their range. 

More research is also needed on the potential impacts of chemical runoff and other forms of 

pollution associated with rivers in cities, such as Durban, and increased flooding events, which 

have likely doubled in frequency in Durban in the last century (Lebepe et al., 2022; Grab & 

Nash, 2023).  

There is a lack of knowledge on African varanid parasites (Cook et al., 2016). Nile 

monitors in Nigeria were found to have a relatively heavy parasitic burden in Nigeria 

(Omonona et al., 2019). During our fieldwork, we recorded a greater proportion of monitors 

with the presence of ticks (Amblyomma spp.) in rural areas (90 % rural, 75 % urban), while 

urban monitors reached higher tick loads with multiple individuals surpassing 200 ticks. We 

suggest more research be done on the burden of parasites in urban and rural Nile monitors in 

KwaZulu-Natal with the inclusion of blood parasites.  

The onset of breeding of Nile monitors varies throughout their extensive geographical 

range with little information on where and when, with only suggestions that it is linked to 

seasonal rainfall (Branch & Erasmus, 1982; de Buffrénil & Rimblot-Baly, 1999). An evaluation 
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of the onset of breeding in Nile monitors would be of value to future research and management 

of locally declining Nile monitor populations. The lack of knowledge on the home range size 

was somewhat limiting during this study. With the ever-improving technologies and 

methodologies in wildlife tracking and the recent increased success in the use of global 

positioning systems (GPS) tracking for varanids, a study of Nile monitor spatial and temporal 

activity in various land use types is recommended (Chapter 2; Flesch, 2009; Guerrero-Sanchez 

et al., 2022; Fletcher et al., 2023). Ideally, this would include sex determination, which may be 

achievable using blood samples (Mayes et al., 2006; Sulandari et al., 2014). 
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