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Abstract 
 

Infectious diseases have been emerging at an increasing rate in both humans 

and wildlife due to increasing anthropogenic disturbance of natural ecosystems, 

and are now a well-recognised threat to biodiversity conservation. The threat 

posed to apes by this encroachment is heightened by the susceptibility of these 

species to human infectious diseases. 

  

A previous study in the vicinity of the Mikongo Conservation Centre (MCC) in 

Lope National Park, Gabon, identified the zoonotic protozoal pathogens, 

Cryptosporidium sp. and Giardia sp. in the western lowland gorilla (Gorilla gorilla 

gorilla) population. Studies elsewhere have found evidence of anthropozoonotic 

transmission of these parasites to wild non-human primate (NHP) populations 

and the use of these protozoa as indicators of this transmission, as well as of 

NHP health, has been proposed. 

 

This study uses an immunofluorescent antibody test to analyse gorilla faecal 

samples (n = 150) from over-night nest sites in the MCC area for the presence of 

these parasites. It seeks to identify possible risk factors associated with infection, 

such as the proximity to a variety of anthropogenic factors. Cryptosporidium sp. 

and Giardia sp. infections were detected at a prevalence of 6% and 18% 

respectively, with Cryptosporidium-positive sites predominantly in the eastern half 

of the study site, closer to areas of human habitation. However, no significant 

associations were found within the study area between infections with these 

parasites and the environmental features identified. Further investigation is 

therefore warranted in order to increase sample size and the distance of samples 

from human disturbance in order to better assess the likelihood of a link between 

these infections and human disturbance.  

 

A significant association was found between Giardia sp. infection and soft faecal 

consistency, which might suggest that this parasite clinically affects ape health. 

 

Word count: 13,235. 
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1. Introduction 

1.1 Problem statement  

 

The worldôs biodiversity is declining at an alarming rate, with the current 

extinction rate estimated at up to 1000 times that of the historical background rate 

(Millennium Ecosystem Assessment 2005).  

 

Infectious disease has been identified as a key threat to many species and 

populations (Daszak et al. 2001; Daszak et al. 2000). This can be due to the 

reduced fitness and immune status found in small populations in fragmented 

habitats putting them at greater risk of disease (Smith et al. 2009; Lyles and 

Dobson 1993). Disease risks can also arise through direct introduction of novel 

pathogens into wild populations. Human activities can lead to these disease 

introductions, be it direct transmission of pathogens from humans to wild animals, 

or transmission from the animals that humans introduce to an area (Cunningham 

et al. 2003; Woodford et al. 2002; Deem et al. 2001). 

 

The great apes, being genetically similar to humans, are particularly at risk of 

contracting human diseases (Wolfe et al. 1998). With human encroachment into 

the habitats of wild apes, there is an increased risk of anthropozoonotic disease 

transmission in addition to an increased risk of pathogen transmission from 

livestock and companion animals, and further research is required into the 

conservation threats of such pathogen spill-over (Gillespie et al. 2010; Smith et 

al. 2009; Tutin et al. 2005).  

 

In the case of the western lowland gorilla (Gorilla gorilla gorilla), principal threats 

to the species are hunting and disease-induced mortality, which has reached up 

to 90% in some areas (Walsh et al. 2010; Devos et al. 2008). Ebola epizootics 

are known to have decimated populations and are likely to continue to do so 

(Walsh et al. 2010; Leroy et al. 2004; Huijbregts et al. 2003). These huge 

population declines witnessed in recent years have led to the species being listed 

as critically endangered in the IUCN Red List of Threatened Species 2010 (IUCN 

2010). The reduced population size and the susceptibility of this great ape to 
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diseases, including those contracted from humans and their livestock, makes 

disease mitigation for the conservation of this species a matter of urgency. It 

should be noted that the Ebola epizootics also are of significance to human 

populations, as the disease has caused many human deaths (Huijbregts et al. 

2003). 

 

In order to evaluate risks and implement appropriate mitigation measures we 

need to understand the processes involved in cross-species disease 

transmission. This requires further investigation into infection patterns and 

pathways, which can be extremely challenging, especially for elusive animals in 

remote and inaccessible habitats. 

 

Cryptosporidium sp. and Giardia sp. are protozoal parasites which are spread by 

the faecal-oral route and are found in the intestines of humans and livestock and 

can infect wildlife. They have been found to infect non-human primates (NHPs) 

(e.g. Salzer et al. 2007), including western lowland gorillas (van Zijll Langhout et 

al. 2010; Levecke et al. 2009), and mountain gorillas (Gorilla beringei beringei) 

near human settlements (Graczyk et al. 2002; Nizeyi et al. 1999). These 

parasites have been found to be significantly more prevalent in NHPs from 

human-disturbed fragmented habitat compared to undisturbed habitat. There is 

also evidence to suggest that these parasites are involved in transmission cycles 

between humans and mountain gorillas (Graczyk et al. 2002; Nizeyi et al. 2002a). 

Cryptosporidium sp. and Giardia sp. are therefore good candidates for studies 

into human impacts upon gorilla health and human-gorilla parasite transmission, 

and have the potential to act as markers of faecal-oral pathogen transmission 

between humans and gorillas. 

 

The current project builds on a previous project conducted in 2006 in the 

research area of the Mikongo Conservation Centre (MCC), Lope National Park 

(LNP), Gabon, which found Cryptosporidium sp. and Giardia sp. in the wild 

western lowland gorilla population (van Zijll Langhout et al. 2010), and 

investigates risk factors associated with infection. 
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1.2 Aims and objectives 

 

This project aims to contribute to the increasing body of knowledge in the area of 

anthropozoonotic diseases and the effects of anthropogenic disturbance upon the 

health of NHPs. The focus of the project is to better understand the processes 

involved in human-wildlife disease transmission. The project concentrates upon 

the protozoal parasites, Cryptosporidium sp. and Giardia sp., in wild western 

lowland gorillas.  

 

Specific objectives are: 

¶ To explore the spatial patterns of infection of Giardia sp. and 

Cryptosporidium sp. within the gorilla population in the vicinity of the MCC 

activity area. 

¶ To investigate potential factors that influence the likelihood of infection with 

Giardia sp. and Cryptosporidium sp. in this area, with particular reference 

to human presence and activities, landscape features and gorilla social 

and ranging behaviours. 

The hypothesis to be tested: 

¶ The occurrence of Cryptosporidium sp. and Giardia sp. infections in 

western lowland gorillas in the MCC activity area and nearby forest are 

positively associated with the proximity of human disturbance. 
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2. Background 

 

2.1 An introduction to diseases in wildlife 

 

Wild animals have always been afflicted with infectious diseases, but in the 

modern world of diminishing wildlife populations and habitats, infectious disease 

is becoming an increasingly significant threat to species survival (Daszak et al. 

2001; Deem et al. 2001; Daszak et al. 2000). Additionally the considerable 

negative impacts of anthropogenic disturbance upon the health of wildlife (e.g. 

Daszak et al. 2001) means that infectious disease outbreaks can no longer be 

regarded as a ñnatural disasterò (Goldberg et al. 2008a). 

 

As human encroachment into wild habitats has increased there has been a 

corresponding increase in health threats to both wildlife and humans with 

infectious diseases emerging at an increasing rate (Jones et al. 2008; Williams et 

al. 2002). Examples of such disease threats to endangered wildlife populations 

include rabies outbreaks in African wild dogs (Kat et al. 1996), Ebola virus in 

gorillas (Kaiser 2003) and the current pandemic of chytridiomycosis in 

amphibians (Cunningham et al. 2006; Murray et al. 2009). In humans, H5N1 

influenza, SARS and AIDS are all examples of recent emergent infectious 

diseases of humans with animal origins (Jones et al. 2008). Human perturbation 

of natural ecosystems is implicated as the principal driver in the emergence of 

these and other important zoonotic diseases such as malaria (Cunningham et al. 

2006; Molyneux 2003).  

 

The introduction of a novel infectious disease into a population can have 

devastating consequences due to a lack of immunity to the disease within that 

population. This ñpathogen pollutionò poses a significant threat to global 

biodiversity (Cunningham et al. 2003; Daszak et al. 2000). Translocations of 

animals by humans can lead to these disease introductions (Cunningham 1996). 

Rinderpest was introduced into Africa with cattle from India in the 1890s resulting 

in the exposure of naïve populations of domestic livestock and wild ungulates to 

the disease. The disease caused the death of 90% of the cattle in sub-Saharan 
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Africa and decimated wild populations of giraffe, buffalo and wildebeest (CFSPH 

2008; Plowright 1982). The virulence of pathogens can vary between hosts. For 

example, HIV-1 causes a severe and fatal disease in humans, but is non-virulent 

in chimpanzees, the species from which the virus appears to have originated 

(Gao et al. 1999). 

 

Pathogens that can be transmitted and supported by more than one host species 

may be of particular concern to small and endangered wildlife populations (Smith 

et al. 2009). Host-specific pathogens are unlikely to persist in small, endangered 

populations as host-density is often too low, but those that can infect larger 

populations of different species can act as a continuous threat to endangered 

species due to their persistence in the ecosystem (Smith et al. 2009; Cleaveland 

et al. 2001). Domestic dogs for instance, were the probable source of the rabies 

virus that devastated African wild dog populations (Kat et al. 1996; Gascoyne et 

al. 1993).  

 

Anthropogenic habitat changes can concentrate wild animal populations in much 

smaller areas than would naturally occur. This can facilitate parasite transmission 

and altered host-parasite interactions, which can prove detrimental to health 

(Goldberg et al. 2008b; Chapman et al. 2005). For example, high population 

densities can lead to increased ecto-parasite burdens with resultant detrimental 

effects upon host reproductive success (Lebarbenchon et al. 2007). Increased 

parasitism can also significantly impact ecosystem function, especially when 

herbivores are affected, with consequent changes to plant communities 

(Lebarbenchon et al. 2007; Dobson and Crawley 1994; Lessios 1988).  

 

2.2 Western lowland gorillas 

 

Western lowland gorillas are found in Gabon, Cameroon, Republic of Congo and 

the Central African Republic (Walsh et al. 2010). They live in small social groups 

averaging 10 individuals, and ranging to above 20 individuals, composed of at 

least one adult male, several unrelated adult females and their offspring. Group 

home-ranges are up to 20 km2 and overlap extensively with neighbouring groups 

(Walsh et al. 2010; Tutin 1996). They feed upon pith, leaves and shoots, as well 
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as fruits (Rogers et al. 2004). Annual birth rates average 0.18 to 0.2 with inter-

birth intervals of four to six years (Robbins et al. 2004). The species is critically 

endangered, with infectious disease constituting a major threat to their survival 

(Tutin et al. 2005). 

 

2.3 Diseases in non-human primates 

 

Infectious diseases in NHPs have received a great deal of attention due to the 

public health implications of diseases in these species (Wolfe et al. 1998). HIV-1, 

thought to have arisen from chimpanzees (Gao et al. 1999), and Ebola virus 

outbreaks in wild African apes (Leroy et al. 2004; Huijbregts et al. 2003) both 

starkly illustrate the importance to human health of diseases in NHPs. The 

increasing proximity of humans to wild primate populations through 

anthropogenic habitat changes and bushmeat hunting increases the risk of 

interspecies disease transmission (Goldberg et al. 2008b; Jones et al. 2008; 

Chapman et al. 2005) as NHP habitat increasingly overlaps with local human 

populations.  

 

There have been numerous studies investigating the effects of human 

disturbance and encroachment upon the health of wild NHPs. Goldberg et al. 

(2008b) provided evidence that forest fragmentation increases bacterial 

transmission between wild primates, local people and their livestock, most likely 

through environmental contamination. These authors found that Escherichia coli 

bacteria harboured by people living near forest fragments were 75% more similar 

to E. coli harboured by primates (Black and white colobus, Colobus guereza, red 

colobus, Procolobus rufomitratus, and read-tailed guenons, Cercopithecus 

ascanius) living in forest fragments than to E. coli isolated from primates in 

nearby undisturbed forest. This study also demonstrated that the similarity of E. 

coli from the local human and livestock populations to E. coli from the wild 

primate population increased with intensity of human disturbance. If this study 

does indeed indicate microbe transmission between humans and primates in 

disturbed habitats it raises concerns about the potential for reverse pathogen 

transmission and the possibility of zoonotic epidemics originating from such 

anthropogenically disturbed habitats. 
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The proportion of the red colobus (Piliocolobus tephrosceles) and black-and-

white colobus (Colobus guereza) populations with multiple-parasite infections has 

been found to be significantly greater within anthropogenically-disturbed forest 

edges when compared to colobus groups in the interior of the forest (Chapman et 

al. 2006a). Gillespie and Chapman (2006) found that the degree of habitat 

disturbance could accurately predict the prevalence of nematode infections in red 

colobus monkeys. These studies did not investigate the consequences of multi-

species infections specifically, but imply negative effects of human habitat 

disturbance upon primate health. 

 

Anthropogenic disturbance can prove detrimental to the health of primates 

indirectly through nutritional or stress-induced compromising of the immune 

system. Chapman et al. (2006b) found that reduced food resources, parasitic 

infections and population reduction were positively associated with each other. 

Faecal cortisol levels (an indicator of stress) were higher in primates from forest 

fragments when compared to those in undisturbed forest, and cortisol level was 

positively associated with faecal parasitic egg counts. Although this study is 

suggestive of negative effects of human disturbance upon stress levels, cortisol 

level is influenced by multiple factors, such as hierarchy status, social interactions 

and nutritional status (all of which are inter-related). Gillespie and Chapman 

(2008) found that the prevalence and intensity of multiple-parasite infections in 

red colobus monkeys were greater in fragmented compared to un-fragmented 

forest. Also, over the four year period of the study, they observed a decline in the 

red colobus population in forest fragments, whilst those in undisturbed habitat 

remained stable, suggesting that forest fragmentation might alter host-parasite 

interactions, leading to host population declines. 

 

The greater encroachment of humans into primate habitat is a risk, not only to 

humans, but also to primate health, and is particularly relevant for species 

already endangered with extinction (Chapman et al. 2006a; Graczyk et al. 

2001b). The habituation of NHPs for tourism and research, for example, 

necessitates close contact between these species and their human observers. 

This habituation has been implicated in the occurrence of anthropozoonotic 
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transmission of diseases (Cranfield 2008; Kondgen et al. 2008; Woodford et al. 

2002; Graczyk et al. 2001b; Nizeyi et al. 1999). Cases of suspected human-

transmitted pathogens leading to disease and mortalities in wild NHPs include 

polio-like and respiratory diseases in chimpanzees (Kondgen et al. 2008; Wallis 

and Lee 1999), scabies in mountain gorillas (Kalema-Zikusoka et al. 2002; 

Graczyk 2001b) and measles in mountain gorillas (Cranfield and Minnis 2007).  

 

It is important that such touristic and research activities adhere to clear and strict 

guidelines in order to minimise the health risks to the primates they follow as 

even the best intentioned interventions can increase the risk of pathogen 

transmission (Kondgen et al. 2008; Pusey et al. 2008; Wallis and Lee 1999). 

 

The complex issue of human-wildlife pathogen transmission is one which 

requires substantial research effort. The dynamics and pathways of 

anthropozoonotic diseases are complicated and unknown in many cases. This 

makes assessing the risks to wildlife problematic. The identification of indicators 

of anthropozoonotic pathogen transmission would be extremely useful in the 

assessment of health risks to wildlife and humans and to the planning and 

implementation of mitigating actions.  

 

2.4 Cryptosporidium sp. and Giardia sp. as indicators of NHP health 

 

Cryptosporidium parvum and Giardia duodenalis are protozoal parasites that 

infect humans, domestic animals and wildlife worldwide (Appelbee et al. 2005). 

Infection can be inapparent or can manifest clinically as diarrhoea, which is 

occasionally life-threatening, and these parasites are likely the most common 

causes of protozoal diarrhoea in humans globally, being frequent contaminants of 

drinking water (Caccio et al. 2005; Fayer 2004; Thompson 2004; Mackenzie et al. 

1994). 

  

In recent years these parasites have received increasing attention as causes of 

significant disease in humans, particularly in immune-compromised individuals 

(Ramirez et al. 2004; Thompson 2000). Public outbreaks of cryptosporidiosis and 

giardiasis and the clear anthropozoonotic potential of these parasites is a cause 
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for concern, both for human and animal health (Daly et al. 2010; Appelbee et al. 

2005; Caccio et al. 2005; Mackenzie et al. 1994).  

 

These parasites are also receiving much attention at present as potential 

indicators of the impacts of human activities upon wild animal health (Gillespie et 

al. 2010; Kowalewski et al. 2010). There have been several studies specifically 

investigating infections with these parasites in endangered NHPs (Gillespie et al. 

2010; Salzer et al. 2007; Graczyk et al. 2001; Nizeyi et al. 1999). Investigating 

these parasites in wildlife has the advantage of detection through non-invasive 

sampling, as only faecal samples are needed, reducing risks to both wildlife and 

to those collecting the samples (Gillespie et al. 2008). 

 

2.4.1 Cryptosporidium 

The Cryptosporidium genus belongs to the family Cryptosporidiidae, order 

Eucoccidiorida, class Conoidasida and phylum Apicomplexa. Modern molecular 

techniques continue to allow reclassification of Cryptosporidium into further 

genotypes and distinct species. Xiao and Fayer (2008), in their review of the 

genus, list 18 species and over 40 genotypes, with over 150 mammalian hosts 

reported to be infected. Most of these Cryptosporidium species are host-specific, 

but C. parvum has been reported in many species, including humans, indicating 

its zoonotic potential (Caccio et al. 2005; Ramirez 2004; Graczyk et al. 1997). C. 

parvum was previously classified into genotypes 1 and 2, but genotype 1 has 

been reclassified as C. hominis, humans being the predominant host (Fayer 

2004; Morgan-Ryan et al. 2002). C. hominis has also been found to infect non-

human primates, cattle, sheep, pig and dugong (Xiao and Fayer 2008). 

 

The pathogenicity of Cryptosporidium spp. is due to the loss of absorptive 

epithelium resulting in malabsorption and electrolyte secretion and diarrhoea 

(Gookin et al. 2002). The life cycle of C. parvum is shown in Figure 2.1. 

 

The oocysts are resistant and can last for several months in the environment, 

surviving well in moist conditions (Fayer 2004). Fayer et al. (1998) found that 

oocysts remained infective after three months at 25oC and at 30oC. Farm 

animals, particularly cattle, have been implicated as an important source of        
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C. parvum infection for humans (Caccio et al. 2005; Ramirez et al. 2004). The 

geographic distribution of C. parvum and C. hominis infections in humans shows 

the former being more common in rural areas, providing support for zoonotic 

transmission (Feltus et al. 2006). In the UK, Lake et al. (2007) found higher 

numbers of human cryptosporidiosis cases in areas with high numbers of 

Cryptosporidium sp. oocysts in manure applied to the land. 

 

The pre-patent period, from ingestion of oocysts to excretion of oocysts in the 

faeces, varies between three days and two weeks. Oocysts are shed for up to 

several weeks, although immuno-compromised individuals can remain infected 

for several months, with autoinfection occurring (Fayer 2004). 

 

 

Figure 2.1 The life cycle of C. parvum. From Dillingham et al. (2002). 
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2.4.2 Giardia 

The Giardia genus belongs to the family Hexamitidae, order Diplomonadida, 

class Zoomastigophora. Its taxonomy however, is still somewhat unclear (Xiao 

and Fayer 2008). 

 

Of the six species of Giardia identified (Table 2.1) only G. duodenalis has been 

confirmed to infect humans and other primates. G. duodenalis, also referred to as 

G. intestinalis and G. lamblia, infects a wide range of hosts (Xiao and Fayer 

2008; Caccio 2005; Thompson 2004). G. duodenalis is divided into assemblages 

A to G. Of these, C to G are relatively host-specific, whereas assemblages A and 

B have been found in several species, and are the only assemblages to have 

been found in humans and other primates (Xiao and Fayer 2008; Appelbee 

2005). Assemblage A is further divided into subtypes, the most common of which 

are AI and AII. Xiao and Fayer, in their review (2008), note that humans are 

predominantly infected with subtype AII whereas animals are mostly infected with 

AI. 

 

Table 2.1. Species and assemblages of the Giardia genus (modified from Xiao 
and Fayer, 2008). 

Giardia species Host species 

G. agilis Amphibians 

G. ardeae Birds 

G. microti Muskrats and voles 

G. muris Rodents 

G. psittaci Birds 

G. duodenalis 

-     Assemblage A 

 

- Assemblage B 

- Assemblage C 

- Assemblage D 

- Assemblage E 

- Assemblage F 

- Assemblage G 

 

- Humans, primates, dogs, cats, cattle, rodents, wild 

mammals 

- Humans, primates, dogs, horses, cattle 

- Dogs 

- Dogs 

- Artiodactyls 

- Cats 

- Rodents 
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The life cycle of G. duodenalis is similar to that of C. parvum (Figure 1.2). Once 

passed in the faeces, cysts can persist in the environment for several months in 

cool, wet environments (Xiao and Fayer 2008; Caccio et al. 2005). Although the 

clinical signs are similar to those of Cryptosporidium spp. infections, it is thought 

that the pathogenicity of Giardia sp is caused by an increase in the permeability 

of the epithelial layer of the small intestine rather than the loss of this layer (as 

occurs with Cryptosporidium spp. infection) (Chin et al. 2002; Scott et al. 2002).  

 

 

Figure 2.2 The life cycle of G. duodenalis (from Department of Parasitic 
Diseases 2009a).  

 

2.4.3 Previous studies into Cryptosporidium sp. and Giardia sp. in NHPs 

Cryptosporidium sp. and Giardia sp. have been found in NHPs, both in captivity 

and in the wild (van Zijll Langhout et al. 2010; Levecke et al. 2009; Salzer et al. 

2007; Legesse and Erko 2004; Gracenea et al. 2002; Graczyk et al. 2002; Nizeyi 
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et al. 1999; Muriuki et al. 1998). The clinical significance of these parasites to 

NHPs is unclear, although they have been associated with clinical signs in some 

species (Muriuki et al. 1998; Ott-Joslin 1993). However, they may affect host 

survival and reproduction through more subtle pathological processes (Chapman 

et al. 2005; Thompson 2000). Gillespie et al. (2010) found no association 

between faecal consistency and parasitism for either of these parasites in 

western lowland gorillas and central African chimpanzees.  

 

Human disturbance has been implicated as a factor leading to increased 

prevalence of these parasites in wild NHPs (van Zijll Langhout et al. 2010; 

Gillespie and Chapman 2008; Salzer et al. 2007; Chapman et al. 2006b). An 

increased prevalence could be due to the direct anthropozoonotic transmission, 

or through indirect effects, such as reduced food availability and increased stress, 

that closer human proximity can have on the susceptibility of wild primates to 

these parasites (Chapman et al. 2006b).  

 

The first report of Cryptosporidium sp. in wild great apes was by Nizeyi et al. 

(1999) who detected oocysts in the faeces of mountain gorillas in Ugandaôs 

Bwindi Impenetrable National Park (BINP). In this study, 100 faecal samples, 

collected from five gorilla groups, were examined; 11% were positive for 

Cryptosporidium sp. A large proportion (73%) of Cryptosporidium-positive 

samples came from human-habituated gorillas, suggesting that human proximity 

might be a factor in infection status. Most of the Cryptosporidium sp. infections 

(64%) were found in one of the five groups sampled, supporting a hypothesis of 

predominantly within-group transmission as opposed to transmission between 

groups. This might in part be supported by the findings of Gracenea et al. (2002) 

who investigated the epidemiology of Cryptosporidium sp. among animals in 

Barcelona Zoo, and found that chronically infected animals play an important role 

in the transmission and persistence of the parasite, suggesting that one 

chronically infected individual in a group can continually re-infect others in the 

group. Coprophagy is considered normal behaviour in free-ranging gorillas 

(Redmond 1983), enabling easy transmission of faecal parasites.  
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Graczyk et al. (2001a) used molecular analysis to identify C. parvum (referred to 

as genotype 2 at the time) in three different social groups of mountain gorillas in 

BINP. It was concluded from this that the parasite was well-established in the 

gorilla population. Nizeyi et al. (2002a) found C. parvum (referred to as genotype 

2) in the human population sharing the same habitat as the mountain gorillas in 

BINP. The prevalence among park staff was 21% whereas that of the local 

community was 3%, indicating that close contact with gorillas might be a 

predisposing factor for contracting C. parvum. In support of this hypothesis, 

questionnaire surveys reported 79% of park staff coming into contact with gorilla 

faeces during the month prior to collection of faecal samples and found that few 

local people, including park staff, took the necessary precautions to prevent 

faecal-oral transmission of pathogens. Following this article, Nizeyi et al. (2002b) 

isolated C. parvum in the cattle population on the borders of BINP. The results 

published in this and Nizeyi et al.ôs previous two articles cited here (2002a; 1999), 

as well as Graczyk et al. (2001a), may indicate a transmission cycle of C. parvum 

involving cattle, humans and mountain gorillas. The study (Nizeyi et al. 2002b) 

estimated the maximum prevalence of asymptomatic C. parvum infections in 

cattle to be 80%, which indicates a significant potential for environmental 

contamination. Gorillas enter pastures in this area, and there is much 

contamination of the environment with cattle faeces, hence anthropozoonotic 

transmission of parasites between these three species is likely. It is interesting, 

however, that the prevalence of C. parvum infections in local people was so 

much lower than that of park staff, given that local people presumably have 

regular close contact with the frequently infected cattle. Although the precise 

roles of the three host species in the epidemiology of C. parvum remains unclear, 

these studies illustrate the potential parasite transmission risks posed to both 

humans and mountain gorillas by their increasingly close proximity to each other, 

and suggests that Cryptosporidium sp. might be a good indicator of 

anthropozoonotic transmission. 

 

Graczyk et al. (2002) suggested a similar anthropozoonotic transmission cycle 

involving G. duodenalis in BINP. These authors isolated G. duodenalis, 

assemblage A, from mountain gorillas (2% prevalence), humans (5%) and pre- 

and post-weaned cattle (10%). These three different host-species all use the 
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same habitat and the authors noted that the fact that assemblage A was isolated 

from cattle, which more commonly have assemblage B, makes it likely that 

humans introduced G. duodenalis into this cycle, an example of ñpathogen 

pollutionò (Daszak et al. 2000). Should this be the case, it might be further 

evidence of human encroachment into natural habitats leading to the introduction 

of parasitic infections to wild apes, either directly or via cattle infected with human 

parasites. 

 

In forest fragments of western Uganda, Salzer et al. (2007) found 

Cryptosporidium sp. in red colobus monkey (Piliocolobus tephrosceles) faecal 

samples and Giardia sp. in both red colobus and red-tailed guenon 

(Cercopithecus ascanius) samples. All samples from these species in the 

undisturbed forest of nearby Kibale National Park were negative for both 

Cryptosporidium sp. and Giardia sp., suggesting that habitat fragmentation might 

play a role in the transmission and persistence of these parasites. Gillespie and 

Chapman (2008) showed similar findings for Giardia sp. in red colobus monkeys 

in the same area. The absence of Giardia sp. in samples from undisturbed 

forests, coupled with the high occurrence of this parasite in the local human 

population, suggests that humans (and cattle) might act as reservoirs of infection 

and maintain a high infection risk for the red colobus populations in forest 

fragments (Gillespie and Chapman 2008) . 

 

Gillespie et al. (2010) investigated the prevalence of Cryptosporidium sp. and 

Giardia sp. in western lowland gorillas (Gorilla gorilla gorilla) and central African 

chimpanzees (Pan troglodytes troglodytes) in the Republic of Congo to assess 

the effect of previous low-impact logging concessions upon these infections. 

They found no effect of the previous logging (carried out 30 years before) on the 

prevalence of either of the parasites, when compared to that of nearby 

undisturbed forest. This study found no Cryptosporidium sp. and a prevalence of 

3.7% for Giardia sp. infection. The authors suggest that these results may be 

taken as a useful baseline for the prevalence of these parasites in forest-dwelling 

African apes. The study might also indicate that human disturbance is necessary 

for infections with these parasites, particularly Cryptosporidium sp., to persist in 
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the ape population, with humans being an important source of infection and re-

infection. 

 

Van Zijll Langhout et al. (2010) published the first report of Cryptosporidium sp. 

and Giardia sp. infections in free-ranging western lowland gorillas. The study, 

conducted in Gabon in 2006, found that the percentage of faecal samples from 

LNP which were positive for Cryptosporidium sp. and Giardia sp. (19.0% and 

22.6% respectively) was significantly higher than that of faecal samples from 

Moukalaba-Doudou National Park (MDNP) (0% and 9.1% respectively). The area 

of LNP in which samples were collected experienced much higher levels of 

human disturbance than did the study site in MDNP. In accordance with the 

previously cited studies of different primate species, these results suggest that 

western lowland gorillas in areas of high human disturbance are at greater risk of 

infection with these parasites than gorillas in undisturbed habitat. It should be 

noted, however, that the sample size used in this study was small (n = 95), with 

only 11 samples from MDNP, thus reliable figures for the prevalences of these 

parasites in these locations are not available. In addition, the samples collected 

from LNP were obtained over a long time period (four years) across a 46 km2 

area, making duplication of samples from the same individuals possible over a 

period when new infections could have been contracted. These parasites may 

also show seasonal patterns of infection (Hausfater and Maede 1982) meaning 

that oocysts and cysts might be more likely to be shed, and therefore detected, at 

different times of the year, thus affecting prevalence estimates and making 

comparisons between the two sites in this study unreliable. 

 

In my MSc project, I will examine further the western lowland gorillas in Lope 

National Park for infection with Cryptosporidium sp. and Giardia sp. My project 

will build upon the findings of van Zijll Langhout et al. (2010), who previously 

identified these parasites in this population of gorillas, but I will focus on a larger 

area using a greater number of samples collected over a shorter time-frame. In 

order to assess the use of these parasites as indicators of human impacts upon 

gorilla health, and particularly their potential as markers of anthropozoonotic 

transmission, I will seek to identify possible risk factors associated with infection, 

such as the proximity of gorillas to a variety of human-derived environmental 
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features. From the information obtained from the literature, it appears that this 

technique has seldom been used when investigating these parasitic infections in 

NHPs, and has never been used for investigations into these parasites in western 

lowland gorillas. 

 

2.5 The study site 

 

Lopé National Park (LNP) covers an area of approximately 5000km2 and is 

located in central Gabon (Figures 3.1 and 3.2). LNP is one of the oldest protected 

areas in Gabon, initially being designated a wildlife reserve in 1936 and 

subsequently as a national park in 2002. It was listed as a World Heritage Site by 

UNESCO in 2007 due to its rich ecological and cultural heritage. There is 

evidence of settlement from over 400,000 years ago dating back to the 

Palaeolithic, and it remains today an important area for Bantu and Pygmy 

peoples (UNESCO 2010). The area consists of a rare interface of well-conserved 

tropical rainforest and savannah habitats and supports significant populations of 

many endangered species, including central African chimpanzees (Pan 

troglodytes troglodytes) and western lowland gorillas (Gorilla gorilla gorilla). Along 

with the neighbouring Waka National Park, LNP has been designated an 

Exceptional Priority Area for great ape conservation, owing to its estimated 

population of over 2000 apes (Tutin et al. 2005).  

          
www.expat21.wordpress.com         WCS, S.Latour, April 2006                                                                

 

 

 

 

Figure 2.3. Gabon is in west Central Africa, 
bordered by Cameroon, Equatorial Guinea 
and the Republic of Congo. 

Figure 2.4. Lope National Park 
is located in central Gabon. 

http://www.expat21.wordpress.com/
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The park is bordered by a railway to the north, and heavily used national roads to 

the north and east, along which there are eight villages with a total of 

approximately 800 people. Inside the park, one research station (Station dôEtudes 

des Gorilles et Chimpanzees) and one tourism and research station (the Mikongo 

Conservation Centre) are the only permanent human settlements (Figure 2.5). 

 

 
 
 

 

 

 

 

 

   Km  

 

MCC 

Lopé (300) 

Ayem (60) Kazamabika (60) 
 Offoué (100) 

   Makoghé (50) 

Mbadondé (15) 

Mikongo (100) 

Massenghelani (70) 

SEGC 

Lopé National Park 

Pk0 (7) 

Figure 2.5.  
Lope National Park. The MCC and SEGC are located 
in the north east of the park. Numbers in brackets 
represent estimated population sizes and hatched 
areas indicate Areas of Traditional Use (ATUs) in 
which local people are permitted to hunt and grow 
crops. 
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The study site itself is around the Mikongo Conservation Centre (MCC), in the 

North East of the park, which was established in 1999 as a pilot ecotourism 

project based on habituated gorilla-viewing. The MCC project activities include a 

great ape health programme to monitor any adverse impacts that humans, 

including habituation staff (trackers and researchers) and visiting tourists, might 

have upon gorilla health. This programme has expanded to encompass many 

aspects of the risks of disease at the human-wildlife interface in LNP. The long-

term goal is to identify and mitigate the health risks related to human activities 

that pose a threat to species such as the western lowland gorilla and the local 

people who come into contact with them.  
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3. Methods 

 

3.1 Sample collection 

 

During the period 9th ï 26th February 2010, as part of an on-going local scale 

population census of gorillas at MCC, gorilla faecal samples were exhaustively 

collected by MCC staff from nest sites throughout the 65km2 MCC activity area. 

Further samples were collected in the adjacent, and contiguous, 25km2 corridor 

between MCC and the Station dôEtudes des Gorilles et Chimpanzees (SEGC) 

during the period 18th ï 27th March 2010. Within the latter area there is minimal 

human activity (Devos pers. comm.) whereas the MCC activity area does 

experience human disturbance, including MCCôs tourism and research activities 

as well as that of other people illegally entering the park (Devos and Laguardia 

2009, unpublished). As well as trails used for the gorilla-habituation and census 

at MCC, there is a main road along the eastern side of the study site, old logging 

roads (last used approximately 35 years ago) penetrating LNP within the study 

site, and at the eastern border of the MCC activity area there is a population of 

approximately 400 people living in eight villages. There are areas of traditional 

use (ATU) located adjacent to each of the villages, in which local communities 

can legally grow crops (mainly cassava), harvest forest products, and hunt using 

traditional techniques (no firearms or metal wire are permitted). The local 

community as well as those passing from further afield also use the network of 

disused logging roads to illegally penetrate further into the forest for hunting and 

gathering forest products, as evidenced by previous surveys of the area to record 

signs of human disturbance (Devos and Laguardia 2009). 

 

Faecal samples were collected from over-night nest sites and stored in 10% 

formalin at the time of collection. In order to reduce the possibility of collecting 

multiple samples from the same individuals, only faecal samples within or 

beneath individual nests were taken on the assumption that samples collected 

from these locations were likely to belong to the animals sleeping in the individual 

nests. Samples were taken from the centre of the faecal mass where possible to 

reduce risks of contamination from environmental sources (Gillespie et al. 2008) 
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and latex gloves and masks were worn by collectors to avoid contamination of 

samples and protect the health of collectors. The condition of the nests and 

faeces at the sites was used to estimate the ages of the nest sites. This method 

of nest site sampling is described in detail by McNeilage et al. (2006). A Global 

Positioning System (GPS) reference was recorded for all nest sites sampled, the 

number of nests at a site was counted, and the faecal consistency for each 

sample was recorded. Signs of human activities in the study area and precise 

location were also noted.  

 

3.2 Sample size and selection 

 

Of the samples collected within the MCC study area, a total of 108 samples from 

12 nest-sites were chosen. A further 95 samples were included from six nest 

sites in the MCC-SEGC corridor area.  

 

When selecting which nest-sites to include in the study the age and number of 

nests, geographical location and the date of collection were used in order to 

minimise the likelihood of duplicate samples being included. For example, two 

nest-sites sampled on the same day, 10 km apart, one containing six nests and 

the other 12, would both be included because the likelihood of these nest-sites 

belonging to the same group of gorillas was deemed to be very low. All nest sites 

included in the study were less than 24 hours old. 

 

The number of samples analysed was dictated by financial constraints, limiting 

the number to 150. A total of 203 samples from 18 nest-sites were collected 

during the field-work, which allowed for eight samples per nest when dividing 150 

(the number of tests available) by 18 (the number of nest sites). Therefore, eight 

samples were randomly selected from each of the sites and where fewer than 

eight samples were collected at a nest site, all of this siteôs samples were 

included in the analyses. This method yielded 125 samples. The remaining 25 

samples for analysis were randomly selected from the 83 samples which had not 

been selected initially.  
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3.3 Sample analysis 

 

Samples were sent from Gabon to the Zoological Society of London for analysis. 

 

3.3.1 Sample handling and processing 

Samples were concentrated using a formalin-ethyl acetate sedimentation 

technique prior to analysis (Department of Parasitic Diseases 2009b). A 5 ml 

portion of faecal suspension was strained through wetted gauze into a disposable 

paper funnel and into a 15 ml conical centrifuge tube. Distilled water was added 

through the gauze to bring the volume in the centrifuge tube up to 15 ml. The 

samples were then centrifuged at 500 x g for 10 minutes. The supernatant was 

decanted and 10 ml of 10% formalin was added to the sediment and mixed with a 

wooden applicator stick. Handling the samples within a fume hood, 4 ml of ethyl 

acetate was added, the top was secured on the tube, and the tube was inverted 

and shaken vigorously for 30 seconds. The tube was centrifuged for a further 10 

minutes at 500 x g. The supernatant was again decanted, the debris removed 

from the sides of the centrifuge tube, and the concentrated specimen re-

suspended by adding several drops of 10% formalin. The funnel, applicator sticks 

and gloves were changed between the handling of each sample in order to avoid 

cross-contamination of samples. 

 

3.3.2 Merifluor slide preparation 

Following the formalin-ethyl acetate sedimentation, samples were analysed using 

the Merifluor Cryptosporidium/Giardia Direct Immunofluorescent Detection Kit 

(Meridian Bioscience Inc, Cincinnati, Ohio). The detection reagent contains a 

mixture of fluorescein isothiocyanate (FITC) labelled monoclonal antibodies 

directed against the wall antigens of Cryptosporidium sp. oocysts and Giardia sp. 

cysts.  
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The antibodies attach to 

Cryptosporidium and Giardia antigens 

in the specimen so that, when 

mounting medium is added, the 

oocysts and cysts to which antibodies 

have attached fluoresce green when 

viewed with a fluorescence 

microscope (Figure 3.1). Background 

material is counterstained a dull 

orange/red colour. 

 

The Merifluor Cryptosporidium/Giardia Direct Immunofluorescent test is widely 

regarded as the ñgold standardò diagnostic test for these parasites (van Zijll 

Langhout et al. 2010; Johnston et al. 2003; Xiao and Herd 1993), with a 

sensitivity and specificity found to be 96 to 100% and 99.8 to 100% respectively 

(Johnston et al. 2003; Garcia and Shimizu 1997) and has been used in many of 

the previous studies of these parasites in humans, non-human primates (NHPs) 

and other animals (Gillespie et al. 2010; Salzer et al. 2007; Graczyk et al. 2002; 

Nizeyi et al. 1999). 

 

The test procedure was carried out following the manufacturerôs guidelines. A 

drop of prepared faecal specimen was added to a treated slide, and carefully 

spread over the well. This procedure was repeated with separate treated slide 

wells for both positive and negative controls. Following complete air-drying at 

room temperature one drop of detection reagent and one drop of counterstain 

were added to each well and mixed to cover the entire well. Slides were 

incubated in darkness in a humidified chamber for 30 minutes. Wash buffer was 

used to carefully rinse the slides before adding one drop of mounting medium to 

each well and applying a coverslip. 

 

3.3.3 Analysis of prepared slides 

In order to avoid bias and ensure objective assessment of each sample, the 

identity of each prepared slide was not checked until after microscopic analysis. 

Each well was thoroughly and systematically scanned at 200x magnification 

 
Figure 3.1. A Cryptosporidium 
oocyst  (left), and a Giardia cyst 
(right). 

10 µm 
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using a fluorescence microscope (Excitation wavelength: 490-500; Barrier Filter: 

510-530; Olympus IX70 Fluorescence Microscope, Olympus UK Ltd., Southend-

on-Sea, UK). Cryptosporidium sp. oocysts were confirmed at 400x magnification. 

Images were captured digitally using the software, ImagePro 4.5 (Media 

Cybernetics Inc., Bethesda, MD, USA). Cryptosporidium oocysts are round to 

oval in shape and 2-6 µm in diameter, with a suture line visible in some oocysts. 

Giardia cysts are oval-shaped and 8-12 µm in diameter. A faecal sample 

containing one or more fluorescent oocysts or cysts with morphology 

characteristic of Cryptosporidium sp. or Giardia sp. was considered positive for 

that parasite. Images from positive samples were checked with those from the 

positive controls in order to avoid false positives. Negative samples were those 

exhibiting no apple green fluorescence of characteristic morphology. 

 

3.4 Human disturbance surveys 

 

A human disturbance survey was carried out by MCC staff in the MCC activity 

area during July and August 2009 (Devos and Laguardia 2009). The survey was 

conducted throughout the MCC activity area, along a network of 12 transects, 

each approximately 10km in length (refer to Appendix C). The survey noted any 

signs of human presence in the forest. These included machete-slashes in the 

vegetation, snares and one camp-site. The overall encounter rate was 0.14 

signs/km of transect. In total there were 19 signs of human disturbance recorded 

(two of which were recorded by staff when they were not on the transects). A 

further five signs were recorded during sample collection in the area in October 

2009, and four more signs of human disturbance were recorded during sample 

collection in February 2010. 

 

This survey was a repeat of a previous survey carried out, using the same 

transects, in 2005. This earlier survey recorded an identical encounter-rate of 

0.14 signs/km (17 records in 121.9km of transects walked). The results of these 

surveys can be found in Appendices C and D. 

 

The signs of human disturbance were included in the spatial analyses (below). 

One shape file was created including the locations of all of the signs of human 
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disturbance recorded in 2009 and 2010; another was created using the data from 

the 2005 survey. The inclusion of this data was on the rationale that the areas 

experiencing human disturbance were similar in both surveys, so the data is likely 

to be relevant as an indicator of areas in which humans are active. 

 

3.5 Spatial analysis 

 

Geographic Information System software (ESRI®-ArcGIS 9.3.1, 2009) was used 

to visualise the spatial distribution of nest-sites and the distribution of positive 

samples. Using the GPS coordinates, a shape file showing the positions of nest 

sites was made. Shape files were created for villages; areas of traditional use 

(ATUs); main roads; old logging roads; census trails used by MCC and SEGC 

staff; results of the human disturbance surveys; MCC and SEGC camps. All of 

these layers were projected in the UTM 32S projection system. Using the ñjoinò 

function in ArcGIS, the nest site layer in the map was joined to each of the 

different feature layers. This enabled the calculation of shortest distance between 

each feature and each of the nest-sites.  

 

3.6 Statistical analysis 

 

To investigate possible risk factors for infection with the two parasites, 

associations between proximity of human-related environmental features and 

infection occurrence were sought, using R software 2.11.1 (R Development Core 

Team 2010). As the data is binomial, the response variable being either positive 

or negative, associations were investigated using generalised linear modelling 

(GLM) (example scripts used can be found in Appendix H). Each of the identified 

possible explanatory variables was entered as parameters into separate models. 

A separate model was used for each variable as opposed to using a single model 

for all variables because many of the variables are closely related. 

 

The number of individuals within a social group may have an impact upon 

parasite infection intensity (Altizer et al. 2003; Cote and Poulin 1995).Therefore 

the number of nests at a site was taken as an indicator of group size and also 
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included as a parameter in GLMs for occurrence of infection with each of the 

parasites.  

One of the most common clinical signs of both Cryptosporidium sp. and Giardia 

sp. infection is diarrhoea (Caccio et al. 2005; Fayer 2004). Therefore associations 

between faecal consistency and infection status were also investigated using 

Fisherôs Exact tests. 

 

Data for faecal size has been used previously to estimate age category for 

mountain gorillas (McNeilage et al. 2006). The reliability of this is uncertain, and 

some feel it to be an unreliable indicator of gorilla age (Jeffery et al. unpublished). 

The data obtained from the MCC survey included faecal size, as well as an 

estimated age and sex for some of the samples. The presence of a large and/or a 

small faecal deposit in or next to one large nest was judged to be a female and/or 

an infant, whilst a faecal sample corresponding to a large nest containing silver 

hairs was judged to be that of a silverback. Data from MCC staff specified seven 

samples to be from females, nine from infants and five from silverbacks. Using 

faecal size to estimate age category, as described by McNeilage et al. 2006, 

gave frequently different results when compared to the estimates made by 

sample collectors (Appendix B.i) and ii)). For example, one sample judged by 

MCC staff to be from an adult female and one sample judged to be that of a 

silverback would both have been classified as juvenile/sub-adult samples using 

faecal size data. Due to these major discrepancies and the low number of 

samples with age/sex estimates from the sampling staff, these data were not 

included in any analyses. 

 
 



Cryptosporidium sp. and Giardia sp. in gorillas 
 

27 
 

4. Results 

 

4.1 Occurrence of Cryptosporidium sp. and Giardia sp. infection 

 

A total of nine samples (6% of the total), from six nest sites, tested positive for 

Cryptosporidium sp. (Table 4.1).  Two of the six Cryptosporidium-positive nest 

sites contained more than one positive sample.  

 

A total of 27 samples (18% of the total), from 11 nest sites, tested positive for 

Giardia sp. (Table 4.1). Seven of the 11 Giardia-positive nest sites contained 

more than one positive sample (nest sites 7, 8, 10, 12, 13, 16, 18). A table of all 

of the individual sample results can be found in Appendix B.i). 

  

Table 4.1. A summary of results at nest site level. Nest site status is ñpositiveò if 
one or more samples from that site are positive. The number of positive samples 
and the total number of samples tested at each site is given for both parasites. 

 

Area 
collected 

Nest 
site 

Cryptosporidium sp. Giardia sp. 

Nest site 
status 

Number of 
positive samples 
(positives/no. of 
samples tested) 

Nest  site 
status 

Number of 
positive 
samples 

 
MCC 

1 Negative 0/6 Negative 0/6 

2 Negative 0/5 Negative 0/5 

3 Negative 0/7 Negative 0/7 

4 Negative 0/9 Positive 1/9 

5 Positive 1/10 Positive 1/10 

6 Positive 1/2 Negative 0/2 

7 Positive 2/5 Positive 2/5 

8 Positive 1/7 Positive 5/7 

9 Negative 0/11 Positive 1/11 

10 Negative 0/13 Positive 2/13 

11 Positive 1/5 Negative 0/5 

12 Negative 0/8 Positive 4/8 

MCC ï 
SEGC 

corridor 

13 Negative 0/9 Positive 4/9 

14 Negative 0/13 Positive 1/13 

15 Negative 0/8 Negative 0/8 

16 Negative 0/9 Positive 3/9 

17 Negative 0/12 Negative 0/12 

18 Positive 3/11 Positive 3/11 

TOTAL 
6 nest 
sites 

9/150 (6%) 
11 nest 

sites 
27/150 (18%) 
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A total of three samples (from nests 7, 8 and 18) were positive for both parasites. 

Positive infection status with one parasite was not associated with infection with 

the other (Fisherôs Exact test, p = 0.21). 

 
4.1.1 Cryptosporidium sp. infection distribution 

The generalised linear models show no significant associations between samples 

testing positive for Cryptosporidium sp. and the parameters used as indicators of 

human disturbance (Table 4.2).  

 
 

Table 4.2. The parameter estimates, standard errors (S.E.), Z and P values for 
each of the generalised linear models for Cryptosporidium sp. occurrence. A 
separate GLM was tested for each parameter. 

Parameter 

GLM results with Cryptosporidium sp. 
occurrence as the dependent variable 

Estimate S.E. Z P 

Distance to nearest village -2.5e-05 7.34e-05 -0.34 0.73 

Distance to nearest ATU* -3.54e-05   7.46e-05 0.48 0.65 

Distance to the main-road -3.40e-05   8.00e-05 0.43 0.67 

Distance to the nearest ex-
logging road 

-1.24e-04 3.32e-04 -0.37 0.71 

Distance to the nearest heavily 
used road** 

-1.11e-04 1.68e-04 -0.66 0.51 

Distance to the nearest MCC trail -2.15e-04   1.94e-04 1.11 0.27 

Distance to nearest 
Cryptosporidium-positive nest 

site 
3.35e-04 2.02e-04 1.66 0.09 

Distance to nearest sign of 
human disturbance (2009 survey) 

-6.93e-04 4.29e-04 -1.62 0.11 

Distance to nearest sign of 
human disturbance (2009 and 

2005 surveys) 
-8.69 e-04 5.39e-04 -1.61 0.11 

*ATU = Area of Traditional Use. 
**based upon information from MCC staff (Devos, pers. comm.), a shape file was 
created to include the main road, the ex-logging road to the north of the study 
site, and the track to the MCC camp (see Appendix E). 
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Figure 4.1a. The spatial distribution of 
Cryptosporidium-positive nest sites.   

Figure 4.1b. The spatial distribution of Giardia-
positive nest sites.  
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a) 

b)

 

c) 

 
 
 
Figure 4.2. 
Proportion of Cryptosporidium-
positive samples at each nest site, 
and the distance to the nearest a) 
village; b) ex-logging road; c) 
recorded sign of human disturbance 
(2009/10 surveys). Sites with positive 
samples are displayed in red whilst 
those with no positives are blue. The 
size of each point relates to the 
number of samples analysed at each 
site.

 
 

The map (Figure 4.1a) shows the occurrence of Cryptosporidium sp. infections to 

be predominantly in the eastern half of the study site (nests 5, 6, 7, 8 and 11). 

The western-most Cryptosporidium-positive nest (nest 18) is some way from the 

other positive nests, being almost 6km from the nearest. The five more easterly 

Cryptosporidium-positive nest sites are within 6.8km of the nearest village (Figure 

4.2.a), 5.5km of the nearest ATU (area of traditional use) and 6km of the main 

road. Nest 18 is 11.5km from the nearest village, 10km from the nearest ATU and 

9.7km from the main road. Nest 18 is also almost triple the distance from the 

nearest ex-logging road (2.2km) compared to the other Cryptosporidium-positive 

sites (range: 121 ï 816m) (Figure 4.2.b). Full details of the distances between 

nest sites and environmental can be found in Appendix A. 
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The Cryptosporidium-negative sites are quite evenly spread, although both of the 

southerly nest sites are positive (Figure 4.1.a). In comparison to the positive 

sites, there are seven negative nest sites which are more than 6.8km from the 

nearest village (Figure 4.2.a), more than 5.5km from the nearest ATU and more 

than 6km from the main road. Seven Cryptosporidium-negative nest sites are 

greater than 816m from the nearest ex-logging road, although only two of these 

are further from the ex-logging roads than the Cryptosporidium-positive nest 18.  

 

All of the Cryptosporidium-positive sites are within 2.3km of the nearest recorded 

sign of human disturbance, with four Cryptosporidium-negative sites greater than 

2.5km from these features (Figure 4.2c). 

 

4.1.2 Giardia infection distribution  

The Giardia-positive samples were widely distributed throughout the study area 

(Fig 4.1b). There were no significant associations between Giardia sp. infection 

and the parameters used in the models (Table 4.3). 

 
Table 4.3. Parameter estimates with associated standard errors (S.E.), Z and P 
values for each of the generalised linear models of Giardia occurrence.  

Parameter 

GLM results with Giardia occurrence as 
the dependent variable 

Estimate S.E. Z P 

Distance to nearest village -4.43e-05 4.59e-05 -0.96 0.34 

Distance to nearest ATU -3.71e-05 4.62e-05 -0.80 0.42 

Distance to the main-road 4.79e-05 4.99e-05 -0.96 0.34 

Distance to the nearest ex-logging 
road 

2.50e-04 1.59e-04 1.58 0.12 

Distance to the nearest heavily 
used road 

2.74e-05 9.75e-05 -0.28 0.78 

Distance to the nearest MCC trail 1.48e-05 9.12e-05 0.16 0.87 

Distance to nearest Giardia-
positive (right column) nest site 

6.31e-05 2.09e-04 0.30 0.76 

Distance to nearest sign of human 
disturbance (2009 survey) 

1.70e-05 1.48e-04 0.12 0.91 

Distance to nearest sign of human 
disturbance (2009 and 2005 

surveys) 
-2.41e-05 1.49e-04 -0.16 0.87 
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a) 

b)        

c) 

 
 
 
Figure 4.3. 
Proportion of Giardia-positive 
samples at each nest site, and the 
distance to the nearest a) village; b) 
ex-logging road; c) recorded sign of 
human disturbance (2009/10 
surveys). Sites with positive samples 
are displayed in red whilst those with 
no positives are blue. The size of 
each point relates to the number of 
samples analysed at each site.

 
 
Giardia sp. was detected in samples from nest sites throughout the study area, 

including the most northerly, easterly and westerly nest sites as well as the 

second most southerly nest site (Figure 4.1.b). Giardia-positive nest sites were 

both the nearest and farthest sites from all the landscape features investigated 

(Figure 4.3.a and b), with the exception of the reported signs of human 

disturbance, for which a negative site was the shortest distance from a human 

disturbance record (Figure 4.3.c).  

 

 

 

0 5000 10000 15000

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

Giardia infections and distance 

from the nearest village

Distance to nearest village (m)

P
ro

p
o

rt
io

n
 o

f 
s
a

m
p

le
s
 p

o
s
it
iv

e
 f
o

r 
G

ia
rd

ia

0 1000 2000 3000 4000 5000

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

Giardia infections and distance

 from the nearest ex-logging road

Distance to nearest ex-logging road (m)

P
ro

p
o

rt
io

n
 o

f 
s
a

m
p

le
s
 p

o
s
it
iv

e
 f
o

r 
G

ia
rd

ia

0 1000 2000 3000 4000 5000 6000

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

Giardia infections and distance

 from the nearest recorded sign of 

human disturbance (2009/10)

Distance to nearest recorded sign of human disturbance (2009/10) (m)

P
ro

p
o

rt
io

n
 o

f 
s
a

m
p

le
s
 p

o
s
it
iv

e
 f
o

r 
G

ia
rd

ia

  

 



Cryptosporidium sp. and Giardia sp. in gorillas 
 

33 
 

4.2 Nest site size and infection status 

 

When using nest site size, i.e. the number of nests at a site, as a parameter in 

the generalised linear model there was no significant association found with 

infection with either parasite, although the p-value for the model of Giardia sp. 

occurrence approaches significance (p = 0.06) (Table 4.4). 

 
 
Table 4.4. Results of generalised linear models of infection occurrence as a 
function of the number of nests at a site.  

Parasite Parameter 
GLM results with parasite occurrence as 

the dependent variable 

Estimate S.E. Z P 

Cryptosporidium 
sp. 

Number of 
nests at 
nest site 

-0.32 0.21 -1.56 0.12 

Giardia sp. 
Number of 

nests at 
nest site 

0.46 0.24 1.90 0.06 

 
 
4.3 Dispersion of cases among sites 

 

In order to examine the degree to which cases of each parasite were clumped 

within nest sites, binomial dispersion parameters (null deviance divided by null 

degrees of freedom) were calculated from null GLMs of the proportion infected 

(for the R script used see Appendix H). A random dispersion of cases between 

nests yields a value close to 1, whereas higher values are indicative of 

substantial clumping (over-dispersion).  

 

The results from these models indicate a little clumping in the occurrence of 

Cryptosporidium sp. infections, but more substantial over-dispersion of Giardia 

sp. infections (Table 4.5). 

 
Table 4.5. The degree of dispersion of positive samples across all nest sites.  

Parasite 

GLM values for the null model 

Null 
deviance 

(dev) 

Null degrees of 
freedom (df). 

Binomial dispersion 
parameter 

(dev/df) 

Cryptosporidium sp. 28.45 17 1.67 
Giardia sp. 40.58 17 2.39 
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4.4 Infection status and faecal consistency 

 

Fisherôs exact tests were conducted using faecal consistency data (firm or soft) 

and infection status (positive or negative) in order to test for associations 

between the two (Appendix G). There was no significant association between 

Cryptosporidium sp. infection and faecal consistency (p=1.00), but Giardia sp. 

infection was associated with soft faecal consistency (p=0.01) (Figure 4.4). 

 
 
a)                                                               b)

         

 Figure 4.4. Proportion of samples positive and negative for the different 
parasites which were of firm and soft consistency. Red and dark blue bars 
represent faecal samples of firm consistency; pink and light blue bars represent 
faecal samples of soft consistency.  
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5. Discussion 

 

5.1 Cryptosporidium sp. and Giardia sp. infection in the gorillas of LNP 

 

This study has identified Cryptosporidium sp. and Giardia sp. in faecal samples 

from the wild western lowland gorilla (Gorilla gorilla gorilla) population in the 

vicinity of the Mikongo Conservation Centre (MCC) in Lope National Park (LNP). 

The results give an estimated prevalence of these parasitic infections of 6% and 

18% respectively. The project carried out in this study area in 2006 by van Zijll 

Langhout et al. (published 2010) estimated the prevalence of Cryptosporidium sp. 

to be 19%, and that of Giardia sp. to be 22.6%. The difference in estimates 

between the two studies may reflect a change in the prevalence of these 

parasites over time, as well as inaccuracies in the estimates. Van Zijll Langhout 

et al. analysed 84 samples from the MCC activity area, collected over a four year 

period, thus, as discussed previously, there is no way of knowing whether 

multiple samples came from the same individuals or whether seasonal variation 

may have affected infection status. The 150 samples analysed in the current 

project were collected over a seven week period and were selected to minimise 

the chance of multiple sampling of individuals, making a reliable prevalence 

estimate more likely. The estimates obtained are informative; however they 

provide only a brief snap-shot of these dynamic infections in the gorillas sampled 

and regular continuous monitoring of these infections throughout the year for a 

more prolonged period is necessary to acquire a clearer picture.  

 

An earlier study of intestinal parasites in gorillas and chimpanzees, carried out in 

the north west of LNP (Landsoud-Soukate et al. 1995), found no Cryptosporidium 

sp. or Giardia sp. This is certainly of interest, but the different site and far less 

sensitive detection methods employed makes it difficult to draw direct 

comparisons with this study. If these parasites have indeed only recently 

occurred in the gorilla population in LNP this poses interesting questions with 

regards to their origin. 
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Previous studies have found Cryptosporidium sp. infection in gorillas and other 

non-human primates (NHPs) in human-disturbed habitats, but to date no 

Cryptosporidium sp. has been detected in samples from undisturbed habitat 

(Gillespie et al. 2010; van Zijll Langhout et al. 2010; Salzer et al. 2007; Nizeyi et 

al. 1999), suggesting that this protozoan is not a natural component of NHP 

parasite populations at these sites. Nizeyi et al. (1999) estimate a prevalence of 

11% in a mountain gorilla population close to human disturbance and Salzer et 

al. (2007) report a prevalence of 14.3% in red colobus monkeys (Piliocolobus 

tephrosceles) from fragmented habitat in Uganda. These studies have suggested 

that human disturbance is a major factor influencing Cryptosporidium sp. infection 

in NHPs, and there is some evidence that humans might have introduced this 

pathogen into wild mountain gorilla populations (Nizeyi et al. 2002a and 2002b; 

Graczyk et al. 2001a). The occurrence of this parasite in the western lowland 

gorilla population in LNP might therefore be an indication of the impact of human 

encroachment upon gorilla health, and possibly of anthropozoonotic 

transmission.  

 

Similarly, it is worth noting the results of previous studies of Giardia sp. 

prevalence in African apes. When comparing the results from LNP to studies 

from other areas (Gillespie et al. 2010; Nizeyi et al. 1999), it is clear that the 

percentage of LNP samples which are positive for Giardia sp. is higher. Gillespie 

et al. (2010) suggested 2.8% as a possible baseline for Giardia sp. prevalence in 

western lowland gorillas in the Republic of Congo, whilst Nizeyi et al. (1999) 

found a prevalence of 2% in mountain gorillas. The study carried out by Gillespie 

et al. (2010) included an area in which there had been low-impact logging 30 

years previously, and suggested that this had no effect upon the prevalence of 

Giardia sp. infection. The samples analysed for the current study were from an 

area which experienced similar logging activity approximately 35 years ago, 

hence one might expect a similar prevalence of the parasite. However, the 

estimated prevalence is 18%, which is markedly higher than the 2.8% estimated 

by Gillespie et al. (2010). All of the samples from the present project were 

collected relatively near areas of human activity (Figures 4.1 and 4.2.c, Appendix 

A), thus it is possible that this close proximity had an effect on the Giardia sp. 

prevalence in the local gorilla population as a whole, leading to a higher 
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prevalence. It might be that the local humans and their livestock act as reservoirs 

of Giardia sp., maintaining a high infection risk for the gorillas, as suggested by 

Salzer et al. (2007) in relation to these infections in red colobus monkeys 

(Piliocolobus tephrosceles). In order to investigate this further, a larger area 

would need to be surveyed to include areas further from human disturbance as 

well as analysis of human and livestock samples. 

 

5.2 The distribution of Cryptosporidium sp. and Giardia sp. infection within the 

study area 

 

Neither Cryptosporidium sp. infection nor Giardia sp. infection were found to be 

associated with the proximity of the various human-related environmental 

features investigated (Tables 4.2 and 4.3). The null hypothesis, that the 

occurrence of these infections in western lowland gorillas in the MCC activity 

area is not associated with human proximity, cannot be rejected. The results of 

this study do not therefore support the use of these protozoa as indicators of the 

impact of human encroachment upon gorilla health, but highlight the fact that 

further clarification is needed with regard to this possible relationship.  

 

Gorillas from the study area enter the areas of traditional use (ATUs) next to the 

villages, and local people also enter the study area (Devos, pers. comm.), so, 

based upon results from elsewhere (Salzer et al. 2007; Graczyk et al. 2002; 

Nizeyi et al. 2002b), one might expect that these gorillas are more likely to be 

infected with Cryptosporidium sp. and Giardia sp. However, the analysis does not 

show that samples collected closest to villages and ATUs are the most likely to 

be infected. This might reflect an absence of anthropozoonotic transmission and 

human impact upon these infections, contrary to the findings of other studies 

(Salzer et al. 2007;Graczyk et al. 2002; Nizeyi et al. 2002b), which would 

therefore preclude their use as indicators of anthropogenic impacts upon gorilla 

health. Alternatively the failure to find any association could be due to the 

relatively small area over which this study was conducted, being a total of 

approximately 90km2. Western lowland gorilla ranges have been recorded as up 

to 20km2, with much overlap between the ranges of neighbouring groups (Walsh 

et al. 2010; Tutin 1996). This may result in some of the groups recorded at 
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different distances from human-used areas overlapping and sharing a large 

amount of habitat, and therefore coming within similar proximity to people. Thus 

the spatial scale used in this project may be insufficient to detect any significant 

patterns of infection with relation to human disturbance.  

 

Visually, one can see that the Cryptosporidium-positive nest sites are 

predominantly located in the eastern half of the study area, which is closer to 

areas of human habitation and intense human activity (Figure 4.1.a). In addition 

there was a relationship approaching significance between a siteôs 

Cryptosporidium sp. infection status and the distance to the nearest record of 

human disturbance (p = 0.11, Figure 4.2.c). The human disturbance survey data 

is the only parameter that explicitly indicates human presence within the forest, 

and the average distance of Cryptosporidium-positive nest sites from the nearest 

recorded sign of human disturbance was 1.1km (range: 0.1 ï 2.3km, see 

Appendix A), so it is very likely that these gorilla groups do pass through the 

same areas as people. While it is interesting to speculate upon these results, the 

fact remains that no statistically significant associations were found. 

Nevertheless, as discussed previously, it might be that on a greater spatial scale, 

with a larger number of samples, and further data upon human activities in the 

forest, a pattern of infection could become apparent. 

  

The generalised linear model of occurrence of Cryptosporidium sp. infection, with 

the parameter being the distance to the nearest Cryptosporidium-positive nest, 

gave a p-value of 0.09 which, although not statistically significant, could indicate 

a positive association between occurrence of infection and the proximity of other 

positive groups. Geographically close groups share the same habitat (Walsh et 

al. 2010; Tutin et al. 1996) and therefore are likely to be exposed to the same 

pathogens in the environment. It might be that individuals from one group 

contract infection when passing through areas contaminated by individuals from 

another group. If this were the case it might be expected that infected animals 

would infect others within their group, as suggested for this parasite in mountain 

gorillas (Nizeyi et al. 1999), which would lead to clumping of Cryptosporidium sp. 

cases amongst the nest sites. However, statistical analyses do not appear to 

support this, finding only a low degree of over-dispersion (Table 4.5). It might be 
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that in order for Cryptosporidium sp. to persist within the gorilla population 

another reservoir of infection within the environment is necessary. Gillespie et al. 

(2010) suggested that Cryptosporidium sp. does not persist readily within a 

western lowland gorilla population in undisturbed habitat in Congo, whilst 

Graczyk et al. (2001a) suggested that Cryptosporidium sp. was well-established 

in the relatively human-disturbed mountain gorilla population of BINP. This might 

suggest that human disturbance in LNP is a factor in Cryptosporidium sp. 

infection in the gorillas and that there is human activity across this area, as 

suggested by the human disturbance data (Figure 4.1). Alternatively It could be 

the case that this infection is naturally present in the gorilla population in LNP and 

that there are natural wildlife reservoirs of infection at this site (Xiao and Fayer 

2008; Appelbee et al. 2005). This is somewhat speculative, especially with the 

low number of positive samples, and would need substantially more investigation 

to include detailed data upon the areas in which humans are active, as well as 

information regarding the presence of other infected hosts. 

 

A high degree of over-dispersion was found in the occurrence of Giardia sp. 

infection (Table 4.5). This indicates non-random dispersion of positive samples 

between the nest sites and could suggest that some factor(s) unaccounted for in 

the analyses may be causing this. One factor contributing to this clumping might 

be group-size, with individuals in larger social groups more likely to be infected 

with Giardia sp. than those living in smaller groups (p = 0.06, Table 4.4). This is 

consistent with some of the previous studies into parasite species richness and 

prevalence and may be due to the parasites being able to persist more effectively 

in larger groups due to the greater number of available hosts (Mbora and McPeek 

2009; Altizer et al. 2003; Cote and Poulin 1995). However, the association 

between Giardia sp. infection and group size does not reach significance in the 

current study. Another possibility as to why Giardia sp. infection is not evenly 

distributed between the nest sites is that the contagion is not evenly dispersed 

throughout the environment, meaning that some groups are more likely to come 

into contact with infectious material than others. If this is the case, the results of 

this study do not suggest a reason for this or a source of the contagion (Table 

4.3). From the results of this study there is no suggestion of human disturbance 

affecting the occurrence of Giardia sp. infection within the study area.  
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5.3 Infection status and faecal consistency 

 

 A positive association was found between Giardia sp. infection and soft faecal 

consistency (p = 0.01), which may be unsurprising, given that diarrhoea is the 

most common symptom of infection. This could indicate a detrimental effect of 

Giardia sp. infection upon gorilla health. Previous studies have not found this 

association (Gillespie et al. 2010; Sleeman et al. 2000) and there may be other 

possible explanations for this result. For example, diarrhoea may indicate poor 

health unrelated to Giardia sp. infection, which may then make animals more 

susceptible to parasitic infections.  

 

Cryptosporidium sp. infection has been implicated as a cause of clinical signs in 

baboons and vervet monkeys (Muriuki et al. 1998). The lack of an association 

between Cryptosporidium sp. infection and faecal consistency might indicate that 

this parasite is of low pathogenicity in western lowland gorillas. However, the 

small number of positive samples (n = 9) makes drawing any meaningful 

conclusions with regard to the relationship between infection and faecal 

consistency unlikely. 

 

5.4 Limitations 

 

The results of this study provide a brief and isolated view of the status of these 

parasites in this gorilla population. This does not represent the true dynamics of 

these infections or provide much insight into host-parasite interactions. These 

patterns are largely un-documented and therefore long-term longitudinal studies 

of wild primate groups are necessary to gain some clarity in this regard. In 

addition, these parasites are shed intermittently, which is likely to be a major 

factor in their detection (Gracenea et al. 2002), and some infected animals may 

shed very low numbers of oocysts and cysts in the faeces, reducing the likelihood 

of their detection in the small portion of the overall faecal mass used for analysis. 

Although the Merifluor test kits used in the analysis have very high sensitivity and 

specificity, there remains a small possibility of errors. These factors combined 

may have led to some infected animals testing negative, artificially lowering the 
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number of positive samples. However, the results obtained in this project remain 

of use for future comparisons and shed some light upon these zoonotic parasites 

in western lowland gorillas. 

 

Although samples were selected to minimise the likelihood of duplication, it is 

possible that faecal specimens from the same individuals were sampled more 

than once. This may be of particular concern for those samples from the MCC-

SEGC corridor because these were collected three weeks after the MCC 

samples, which is ample time for a gorilla group to move from the MCC study 

area into the neighbouring corridor area.   

 

The number of nests at a nest site was used in the analyses as a proxy for group 

size. However, some gorillas may build multiple nests in one night which can lead 

to an over-estimation of group size (Guschanski et al. 2009). Nevertheless, 

assuming this to be the case among all groups, nest number could still be a 

reasonable proxy for group size, although unreliable in terms of the absolute 

number of individuals.  

 

The records of faecal consistency may not have been standardised between 

sample collectors. Indeed there was some standardisation of the records needed 

prior to analysis, with records such as ñsolidò, ñhardò and ñfirmò all being classified 

as ñfirmò; and ñliquidò, ñsoftò and ñdiarrhoeaò all being classified as ñsoftò. This 

reclassification is a probable source of inaccuracy. It is likely, however, that 

faecal consistency has some use as an indicator of the health status of western 

lowland gorillas, which could be of great use, considering the difficulty in 

monitoring this elusive species in such dense vegetation. 

 

5.5 Future research 

 

Whilst no significant associations have been found between these parasitic 

infections and the proximity of human disturbance, the results, particularly for 

Cryptosporidium sp., are a good basis for further research. The visually apparent 

easterly distribution of Cryptosporidium sp. infections within the study area is of 

interest and investigating this should be a priority. It is likely that the study area in 
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the current project was of an insufficient size to detect spatial differences in 

infection occurrence. A similar project on a larger scale should be conducted in 

order to account for this. Samples should be collected from deeper in the forest 

towards the west, as well as from the area to the south west (Figure 4.1). This 

sample collection should be accompanied by further surveys of human 

disturbance. These parasite and human disturbance surveys should ideally be 

repeated at different times of the year in order to investigate and account for the 

seasonal variance in both parasite prevalence and human activity (Devos and 

Laguardia 2009). 

 

5.5.1 Areas of human activity 

This project lacked accurate data regarding the areas of the study site that local 

people use, and the frequency with which they enter the site. It is known that the 

northerly ex-logging road is used, as well as parts of the track to the MCC 

(Devos, pers. comm.), but gathering information upon alternative routes used to 

penetrate the forest would be very useful. For example, there is a pass through 

the ridge of hills to the south of MCC that might allow relatively easy access to 

the forest (Appendix F). Signs of human disturbance have been found on the 

western side of these hills (Figure 4.1), and it would be interesting to investigate 

the access to this area, in order to see whether this pass is being used.  

 

The area to the north of the study site, with the ex-logging road to the south and 

the main road adjacent to the east, is relatively open, consisting of savannah-type 

habitat. This open terrain with the nearby roads allows easy access to the 

national park, and evidence of human activity, including hunting, has been found 

here (Devos and Laguardia 2009, Appendices C and D). Thus, further survey 

work in this area, to include the collection of faecal samples, would be valuable. 

 

In order to gather greater information upon the areas of the forest used, the 

activities commonly carried out, and the frequency with which local people enter 

the national park, it may be useful to carry out questionnaire surveys in the local 

villages and communities. These questionnaires could include sections relating to 

human health (see below).  
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5.5.2 Human health and anthropozoonotic transmission 

A crucial next-step in the study of these parasites and their possible 

anthropozoonotic transmission would be surveys of the local people and their 

livestock. Along with faecal samples, questionnaires could gather information 

regarding hygiene practises and any clinical symptoms experienced by people. 

This would provide information relevant to the risk of anthropozoonotic 

transmission between humans, wildlife and livestock. Nizeyi et al. (2002a) carried 

out such a survey in Bwindi Impenetrable National Park (BINP), Uganda, and 

suggest that close contact with the mountain gorillas is a predisposing factor for 

contraction of C. parvum in people. They found that many people didnôt bury their 

faeces when in the park and that most people drank untreated water from 

streams. This indicates environmental contamination by humans and also risks to 

the local community from drinking water that may contain water-borne pathogens, 

including Cryptosporidium sp. and Giardia sp. It might also be worth-while, 

therefore, to collect water samples from streams and rivers within LNP and in the 

neighbouring villages. These samples could be analysed for the presence of 

Cryptosporidium sp. oocysts and Giardia sp. cysts in order to assess the degree 

of environmental contamination and the risks of transmission. Should water-

courses from a wide area be contaminated this might implicate them as a major 

source of infection and make a significant relationship between infection and the 

proximity of human activity less likely.  

 

Livestock and domestic dogs and cats are also very important in the 

epidemiology of these parasites (Xiao and Fayer 2008; Appelbee et al. 2005; 

Ramirez et al. 2004; Graczyk et al., 2002; Nizeyi et al. 2002b). Whilst livestock 

has been mooted as an important reservoir of these parasites for human 

infections, its role is unclear. Nizeyi et al. (2002b) suggest a prevalence of up to 

80% for asymptomatic infections in cattle sharing habitat with humans and 

mountain gorillas, but the park staff, who have close contact with gorillas, had a 

higher prevalence of infection than the local people, who presumably own the 

cattle. It might be, therefore, that a greater number of infectious oocysts are shed 

in the faeces of infected gorillas compared to that of asymptomatically infected 

cattle, translating as a greater risk of infection to humans from gorilla faeces than 
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from cattle faeces. The part that livestock plays in the epidemiology of these 

parasites is uncertain and requires further research. 

 

Sheep, goats, dogs and cats are found in and around the villages bordering LNP 

(Devos pers. comm.). Future surveys in LNP should therefore include the 

analysis of domestic animal samples along with details of the areas in which they 

are found, in order to investigate whether they are likely to be involved in the 

same parasite transmission cycle as the gorillas. It is noteworthy that other wild 

animals, particularly ungulates, are also hosts for Cryptosporidium sp. and 

Giardia sp. (Xiao and Fayer 2008; Appelbee et al. 2005) and might be involved in 

their local epidemiology. Analysing samples from some of these wildlife species 

could also be included in future studies.  

 

In order to assess these risks more accurately, it is essential that the species and 

sub-species of these parasites are identified. Graczyk et al. (2002; 2001a) and 

Nizeyi et al. (2002a), using molecular analysis, identified the same species and 

assemblages of C. parvum and G. duodenalis in the mountain gorillas, humans 

and cattle sharing the habitat at the borders of BINP. Similar studies must be 

repeated in LNP in order to properly assess the evidence and the risks of 

anthropozoonotic transmission of these parasites. Without identifying the 

parasites to this level, the power of any further surveys will be limited. 

 

5.5.3 The epidemiology and ecology of Cryptosporidium sp. and Giardia sp. 

Concurrent molecular analyses of these faecal samples at the University of 

Cardiff will enable further analysis of the results from this parasite study. The 

molecular analyses will provide individual identification of gorillas from the faecal 

samples. This will provide information about the areas over which these gorillas 

range, the genetic relationships between individuals, the ages of those sampled, 

and the overall population size. Combining this information with the 

Cryptosporidium sp. and Giardia sp. infection results will add power to this study 

and enable further investigation into the ecology and epidemiology of these 

parasites. Molecular identification will also show whether multiple samples from 

the same individuals have been analysed. 
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The differences between these two parasites merit further investigation. For 

example, should it be the case that a low level of Giardia sp. is naturally present 

in the western lowland gorilla population, this would be an important and distinct 

feature and might imply that a high prevalence of this parasite could be used as 

an indicator of poor health within a gorilla population due to, for instance, the 

detrimental effects of human encroachment (increased stress, reduced habitat 

availability). The presence of Cryptosporidium sp., should it be naturally absent 

from gorilla parasite populations, might be used as a marker of human-introduced 

infection. 

 

It is clear that the epidemiology and ecology of these and other parasites in 

natural, undisturbed ecosystems needs further investigation, and surveys deep 

within LNP may allow this. This will enable clarification of their role in western 

lowland gorilla populations and investigation into how pathogens might interact 

with other pressures upon the species to cause its decline (Smith et al. 2009).  

 

5.6 Concluding comments 

 

This project aimed to explore the spatial patterns of infection of Giardia sp. and 

Cryptosporidium sp. within the gorilla population in the vicinity of the MCC activity 

area. This it has done, providing a map documenting the sites from which 

samples positive for the parasites were collected and calculating the distances 

between sites and environmental features.  

 

A second objective was to investigate possible human-related correlates of 

infection. Whilst the presence and prevalence of these parasites in this western 

lowland gorilla population as a whole might be indicative of human impacts, the 

results from this project show no impact of human proximity upon the likelihood of 

infection within the gorillas sampled in this study site. As discussed above, it may 

be that anthropogenic factors affecting these infections act at a greater spatial 

scale than that used in this study. In addition, it is possible that all of the gorillas 

sampled in this study were relatively close to areas of human activity (Figure 4.1, 

Appendix A).  
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If there is in fact no effect of human disturbance upon the Cryptosporidium sp. 

and Giardia sp. infections of western lowland gorillas, this precludes their use as 

indicators of the impacts of human encroachment upon gorilla health and is likely 

to rule out their use as markers of anthropozoonotic parasite transmission to this 

species. Establishing whether this is the case is very important. If there is an 

association, and especially if these parasites are readily transmitted from humans 

to gorillas, they could be extremely valuable indicators of human impacts upon 

gorilla health and could be incorporated into monitoring programmes. This would 

be particularly useful in areas of expanding human encroachment. Applications 

might include, for example, compulsory monitoring of these parasites in gorillas 

and other primates in new logging concessions which in turn might inform 

appropriate management decisions and risk analysis.   

 

Infectious disease is a very real threat to the survival of western lowland gorillas, 

and the dearth of information requires substantial expansion in this field of 

research. Contrary to the severe and well-documented cases, such as Ebola-

virus outbreaks, the negative impacts of infectious diseases upon wildlife 

populations are more often likely to be subtle and complex and to work in 

combination with other pressures to reduce the health of populations and 

threaten their survival (Smith et al. 2009). Cryptosporidium sp. and Giardia sp. 

may represent two such infectious pathogens capable of anthropozoonotic 

transmission, and this study has neither confirmed nor rejected this idea, but has 

certainly confirmed their presence in the population and highlighted the need and 

the opportunity to expand and broaden this project in LNP. This would provide a 

more conclusive, detailed and valuable picture of these and other pathogens, and 

how they might be used in the monitoring and conservation of endangered 

wildlife in the worldôs increasingly disturbed and degraded ecosystems. 
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Appendix 
 
Appendix A. Nest site infection status and distance to the environmental features investigated in the analyses 

The occurrence of Cryptosporidium sp. and Giardia sp. infection by nest site, shown with the distance of each nest site from the 
various features investigated. N/S = Nest site number. 

N/S 

 
 Distance to different indicators of human disturbance (m) 

Cryptosporidium 
sp. 

Giardia 
sp. 

Ex- 
logging 
roads 

Main road 
Heavily used 

roads 
Village ATU 

MCC research 
trails 

Nearest 
Cryptosporidium-

positive nest 

Human 
disturbance 

survey  
ó09/10 

Human 
disturbance 
survey ó05, 
ó09/10 

1 Negative Negative 1009 5729 2044 6413 4924 21 708 1666 1666 

2 Negative Negative 201 7544 2635 8323 6836 283 2404 1745 1248 

3 Negative Negative 1289 7337 2201 8069 6569 243 2395 2522 1518 

4 Negative Positive 442 1147 442 1462 502 5 1153 642 642 

5 Positive Positive 816 3846 816 4675 3189 39 1761 957 957 

6 Positive Negative 339 5966 3305 6795 5482 339 1093 113 113 

7 Positive Positive 121 5559 2275 6096 4754 188 1093 1131 455 

8 Positive Positive 580 1110 580 1687 188 38 3235 669 405 

9 Negative Positive 187 244 187 357 38 193 1376 1574 1172 

10 Negative Positive 112 3114 112 4223 2783 122 766 587 587 

11 Positive Negative 604 5407 1925 5973 4499 254 1761 2258 1667 

12 Negative Positive 878 3793 1569 4554 3055 229 1898 2259 1289 

13 Negative Positive 4947 12206 7184 12837 13485 7117 4382 5917 5776 

14 Negative Positive 2299 13231 6431 14780 13288 5618 3547 4328 4328 

15 Negative Negative 1399 11906 5093 13436 11945 4600 2273 2994 2994 

16 Negative Positive 1060 10214 3407 11524 10032 2675 1508 1074 1074 

17 Negative Negative 700 11335 4510 12677 11184 3682 2039 2229 2229 

18 Positive Positive 2213 9703 2981 11498 10020 2771 5991 1681 1681 
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Appendix B. Individual sample data and faecal size categories 

i) Table of individual faecal sample data.  
N/S = nest site number; F. Con = faecal consistency; F. Size (cm) = faecal size; 
u/s = unspecified; s/b = silverback; SEGC = SEGC-MCC corridor. 

Sample 
code 

Area N/S 
No. of 
nests 

No. of 
faecal 

samples 
Date 

Cryptosp-
oridium 

sp. 

Giardia 
sp. 

F. 
con. 

F. 
size 
(cm) 

Sex 
and  
age 

Gg 010 MCC 1 7 6 09/02/10 Negative Negative Firm 7.6 u/s 

Gg 011 MCC 1 7 6 09/02/10 Negative Negative Firm 8 u/s 

Gg 012 MCC 1 7 6 09/02/10 Negative Negative Firm / u/s 

Gg 013 MCC 1 7 6 09/02/10 Negative Negative Firm 7.5 s/b 

Gg 014 MCC 1 7 6 09/02/10 Negative Negative Firm 6.8 u/s 

Gg 015 MCC 1 7 6 09/02/10 Negative Negative Firm 8 u/s 

Gg 020 MCC 2 7 5 09/02/10 Negative Negative Firm 6 female 

Gg 021 MCC 2 7 5 09/02/10 Negative Negative Firm 4 infant 

Gg 022 MCC 2 7 5 09/02/10 Negative Negative Firm 5 u/s 

Gg 023 MCC 2 7 5 09/02/10 Negative Negative Firm 4 u/s 

Gg 024 MCC 2 7 5 09/02/10 Negative Negative / / u/s 

Gg 026 MCC 3 7 7 09/02/10 Negative Negative Firm 5.5 u/s 

Gg 027 MCC 3 7 7 09/02/10 Negative Negative Firm 4.2 s/b 

Gg 028 MCC 3 7 7 09/02/10 Negative Negative Firm 3.1 u/s 

Gg 029 MCC 3 7 7 09/02/10 Negative Negative Firm 6.4 u/s 

Gg 030 MCC 3 7 7 09/02/10 Negative Negative Firm 4 u/s 

Gg 031 MCC 3 7 7 09/02/10 Negative Negative Firm 6.2 u/s 

Gg 032 MCC 3 7 7 09/02/10 Negative Negative Firm 2.2 u/s 

Gg 057 MCC 4 10 10 13/02/10 Negative Positive Firm 5 u/s 

Gg 058 MCC 4 10 10 13/02/10 Negative Negative Firm 4 u/s 

Gg 059 MCC 4 10 10 13/02/10 Negative Negative Firm 9 s/b 

Gg 060 MCC 4 10 10 13/02/10 Negative Negative Firm 4 infant 

Gg 061 MCC 4 10 10 13/02/10 Negative Negative Firm 5 female 

Gg 062 MCC 4 10 10 13/02/10 Negative Negative Firm / infant 

Gg 063 MCC 4 10 10 13/02/10 Negative Negative Firm 6 u/s 

Gg 064 MCC 4 10 10 13/02/10 Negative Negative Firm 5 u/s 

Gg 065 MCC 4 10 10 13/02/10 Negative Negative Firm 7 u/s 

Gg 068 MCC 5 15 15 16/02/10 Negative Negative Firm 6.5 u/s 

Gg 069 MCC 5 15 15 16/02/10 Negative Negative Soft / u/s 

Gg 073 MCC 5 15 15 16/02/10 Negative Negative Firm 4 infant 

Gg 074 MCC 5 15 15 16/02/10 Negative Negative Firm 5 female 

Gg 075 MCC 5 15 15 16/02/10 Negative Negative Firm 4.5 u/s 

Gg 076 MCC 5 15 15 16/02/10 Negative Negative Firm 5.5 u/s 

Gg 077 MCC 5 15 15 16/02/10 Negative Positive Firm 5.7 u/s 

Gg 078 MCC 5 15 15 16/02/10 Negative Negative Firm 6.2 u/s 

Gg 079 MCC 5 15 15 16/02/10 Negative Negative Firm / u/s 

Gg 081 MCC 5 15 15 16/02/10 Positive Negative Firm 3 infant 

Gg 104 MCC 6 2 2 17/02/10 Negative Negative Firm 5 u/s 

Gg 105 MCC 6 2 2 17/02/10 Positive Negative Firm 5.5 u/s 

Gg 106 MCC 7 5 5 18/02/10 Negative Negative Firm 6.3 u/s 

Gg 107 MCC 7 5 5 18/02/10 Negative Negative Firm / u/s 

Gg 108 MCC 7 5 5 18/02/10 Positive Negative Firm 6 u/s 
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Sample 
code 

Area N/S 
No. of 
nests 

No. of 
faecal 

samples 
Date 

Cryptosp-
oridium 

sp. 

Giardia 
sp. 

F. 
con. 

F. 
size 
(cm) 

Sex 
and  
age 

Gg 109 MCC 7 5 5 18/02/10 Negative Positive Firm / u/s 

Gg 110 MCC 7 5 5 18/02/10 Positive Positive Firm / u/s 

Gg 114 MCC 8 8 7 19/02/10 Negative Positive Firm 6 s/b 

Gg 115 MCC 8 8 7 19/02/10 Negative Positive Firm 4.5 u/s 

Gg 116 MCC 8 8 7 19/02/10 Negative Negative Firm 6 u/s 

Gg 117 MCC 8 8 7 19/02/10 Negative Negative Firm 3.4 u/s 

Gg 118 MCC 8 8 7 19/02/10 Positive Positive Firm 4.5 u/s 

Gg 119 MCC 8 8 7 19/02/10 Negative Positive Firm 4 u/s 

Gg 120 MCC 8 8 7 19/02/10 Negative Positive Firm 5 u/s 

Gg 122 MCC 9 12 13 19/02/10 Negative Negative Firm 5 u/s 

Gg 123 MCC 9 12 13 19/02/10 Negative Negative Firm 4.5 u/s 

Gg 125 MCC 9 12 13 19/02/10 Negative Negative Firm 6.5 u/s 

Gg 126 MCC 9 12 13 19/02/10 Negative Negative Firm / u/s 

Gg 127 MCC 9 12 13 19/02/10 Negative Negative Firm 4.6 u/s 

Gg 128 MCC 9 12 13 19/02/10 Negative Negative Firm 5.7 female 

Gg 129 MCC 9 12 13 19/02/10 Negative Negative Firm 3 infant 

Gg 130 MCC 9 12 13 19/02/10 Negative Positive Firm 5.9 u/s 

Gg 132 MCC 9 12 13 19/02/10 Negative Negative Firm 6.5 female 

Gg 133 MCC 9 12 13 19/02/10 Negative Negative Firm 3.3 infant 

Gg 134 MCC 9 12 13 19/02/10 Negative Negative Firm 4.7 u/s 

Gg 138 MCC 10 23 20 19/02/10 Negative Negative Firm 4.2 u/s 

Gg 139 MCC 10 23 20 19/02/10 Negative Negative Firm 3.5 u/s 

Gg 140 MCC 10 23 20 19/02/10 Negative Negative Firm 4 u/s 

Gg 141 MCC 10 23 20 19/02/10 Negative Negative Firm 3.2 u/s 

Gg 143 MCC 10 23 20 19/02/10 Negative Negative Firm 3 u/s 

Gg 145 MCC 10 23 20 19/02/10 Negative Negative Firm 3.5 female 

Gg 146 MCC 10 23 20 19/02/10 Negative Negative Firm 1.3 infant 

Gg 149 MCC 10 23 20 19/02/10 Negative Negative Firm 5.2 u/s 

Gg 150 MCC 10 23 20 19/02/10 Negative Positive Firm 3.2 u/s 

Gg 151 MCC 10 23 20 19/02/10 Negative Positive Firm 6.1 u/s 

Gg 153 MCC 10 23 20 19/02/10 Negative Negative Firm 5.3 u/s 

Gg 156 MCC 10 23 20 19/02/10 Negative Negative Firm 3.3 u/s 

Gg 157 MCC 10 23 20 19/02/10 Negative Negative Firm 3.8 u/s 

Gg 162 MCC 11 6 5 23/02/10 Negative Negative Firm 5.6 u/s 

Gg 163 MCC 11 6 5 23/02/10 Negative Negative Firm 4.2 u/s 

Gg 164 MCC 11 6 5 23/02/10 Positive Negative Firm 5 u/s 

Gg 165 MCC 11 6 5 23/02/10 Negative Negative / / u/s 

Gg 166 MCC 11 6 5 23/02/10 Negative Negative Firm 6.1 s/b 

Gg 204 MCC 12 14 13 26/02/10 Negative Negative Firm 5.6 u/s 

Gg 207 MCC 12 14 13 26/02/10 Negative Positive Soft 5.4 female 

Gg 208 MCC 12 14 13 26/02/10 Negative Positive Firm / infant 

Gg 211 MCC 12 14 13 26/02/10 Negative Positive Firm 5.8 u/s 

Gg 212 MCC 12 14 13 26/02/10 Negative Negative Firm 4.3 u/s 

Gg 213 MCC 12 14 13 26/02/10 Negative Negative Firm 6.5 u/s 

Gg 214 MCC 12 14 13 26/02/10 Negative Positive Firm 6 u/s 

Gg 215 MCC 12 14 13 26/02/10 Negative Negative Firm 5.4 u/s 
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Sample 
code 

Area N/S 
No. of 
nests 

No. of 
faecal 

samples 
Date 

Cryptosp-
oridium 

sp. 

Giardia 
sp. 

F. 
con. 

F. 
size 
(cm) 

Sex 
and  
age 

KJ 1 SEGC 13 13 11 18/03/10 Negative Positive Soft / / 

KJ 2 SEGC 13 13 11 18/03/10 Negative Negative Soft / / 

KJ 4 SEGC 13 13 11 18/03/10 Negative Positive Soft / / 

KJ 5 SEGC 13 13 11 18/03/10 Negative Negative Soft / / 

KJ 6 SEGC 13 13 11 18/03/10 Negative Positive Soft / / 

KJ 8 SEGC 13 13 11 18/03/10 Negative Positive Soft / / 

KJ 9 SEGC 13 13 11 18/03/10 Negative Negative Soft / / 

KJ 10 SEGC 13 13 11 18/03/10 Negative Negative Soft / / 

KJ 11 SEGC 13 13 11 18/03/10 Negative Negative Soft / / 

KJ 13 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 14 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 15 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 16 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 19 SEGC 14 20 24 19/03/10 Negative Positive Firm / / 

KJ 20 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 21 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 22 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 23 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 24 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 25 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 33 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 35 SEGC 14 20 24 19/03/10 Negative Negative Firm / / 

KJ 36 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 37 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 38 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 40 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 41 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 42 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 43 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 44 SEGC 15 16 9 20/03/10 Negative Negative Firm / / 

KJ 45 SEGC 16 9 10 25/03/10 Negative Positive Soft / / 

KJ 46 SEGC 16 9 10 25/03/10 Negative Positive Soft / / 

KJ 47 SEGC 16 9 10 25/03/10 Negative Positive Soft / / 

KJ 48 SEGC 16 9 10 25/03/10 Negative Negative Firm / / 

KJ 50 SEGC 16 9 10 25/03/10 Negative Negative Soft / / 

KJ 51 SEGC 16 9 10 25/03/10 Negative Negative Soft / / 

KJ 52 SEGC 16 9 10 25/03/10 Negative Negative Firm / / 

KJ 53 SEGC 16 9 10 25/03/10 Negative Negative Firm / / 

KJ 54 SEGC 16 9 10 25/03/10 Negative Negative Firm / / 

KJ 57 SEGC 17 22 22 26/03/10 Negative Negative Soft / / 

KJ 59 SEGC 17 22 22 26/03/10 Negative Negative Firm / / 

KJ 64 SEGC 17 22 22 26/03/10 Negative Negative Soft / / 

KJ 65 SEGC 17 22 22 26/03/10 Negative Negative Soft / / 

KJ 66 SEGC 17 22 22 26/03/10 Negative Negative Firm / / 
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Sample 
code 

Area N/S 
No. of 
nests 

No. of 
faecal 

samples 
Date 

Cryptosp-
oridium 

sp. 

Giardia 
sp. 

F. 
con. 

F. 
size 
(cm) 

Sex 
and  
age 

KJ 67 SEGC 17 22 22 26/03/10 Negative Negative Soft / / 

KJ 68 SEGC 17 22 22 26/03/10 Negative Negative Firm / / 

KJ 69 SEGC 17 22 22 26/03/10 Negative Negative Soft / / 

KJ 71 SEGC 17 22 22 26/03/10 Negative Negative Firm / / 

KJ 74 SEGC 17 22 22 26/03/10 Negative Negative Firm / / 

KJ 77 SEGC 17 22 22 26/03/10 Negative Negative Firm / / 

KJ 75 SEGC 17 22 22 26/03/10 Negative Negative Soft / / 

KJ 79 SEGC 18 14 17 27/03/10 Negative Negative Soft / / 

KJ 80 SEGC 18 14 17 27/03/10 Positive Negative Firm / / 

KJ 82 SEGC 18 14 17 27/03/10 Negative Negative Soft / / 

KJ 83 SEGC 18 14 17 27/03/10 Positive Positive Firm / / 

KJ 84 SEGC 18 14 17 27/03/10 Positive Negative Soft / / 

KJ 85 SEGC 18 14 17 27/03/10 Negative Negative Firm / / 

KJ 88 SEGC 18 14 17 27/03/10 Negative Positive Soft / / 

KJ 89 SEGC 18 14 17 27/03/10 Negative Negative Soft / / 

KJ 90 SEGC 18 14 17 27/03/10 Negative Negative Firm / / 

KJ 93 SEGC 18 14 17 27/03/10 Negative Negative Firm / / 

KJ 95 SEGC 18 14 17 27/03/10 Negative Positive Soft / / 

 

 

ii) Faecal size criteria to estimate age category (McNeilage et al. 2006). 

Faecal Size Age Category 

>7.2cm (with silver hairs) Adult male (silver-back) 

5.5-7.2cm Adult female or black-back male 

<5.5cm (in own nest) Juvenile/sub-adult (3-8 years old) 

<4cm (in motherôs nest) Infant 
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Appendix C. Human disturbance survey transect data 

A map showing the transects used for the human disturbance surveys in 2005 

and 2009. The area in green represents Lope national park land; the pink area is 

the area of traditional use (ATU); red lines are roads (including ex-logging roads); 

blue lines are rivers; narrow black lines represent elephant trails. 

 

The table shows the number of signs of human disturbance recorded along each 

transect during the two surveys, providing an indication of those areas which may 

experience the greatest human disturbance. 

 

 

  (Map and table extracted from Devos and Laguardia 2009) 

 

 

 

Transect 
No. signs 

2005 
No. signs 

2009 

1 1 0 
2 0 1 
3 2 10 
4 2 0 
5 0 0 
6 0 1 
7 4 0 
8 2 1 
9 0 1 

10 2 0 
11 2 1 
12 2 2 

Total in 
transect 

17 17 

Total in & 
out of 

transect 
23 19 
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Appendix D. Human disturbance survey results (2009/10) 

A table showing different signs of human disturbance recorded during the 2009 
survey and during sample collection in October 2009 and February 2010. 

Record ID Transect Date Type of human sign Age of sign 

1 2 30/07/09 Camp Old 

2 3 27/07/09 Snare Old 

3 3 27/07/09 Snare Old 

4 3 27/07/09 Snare Old 

5 3 27/07/09 Snare Old 

6 3 27/07/09 Snare Old 

7 3 28/07/09 Machete slash Old 

8 3 28/07/09 Machete slash Old 

9 3 28/07/09 Machete slash Old 

10 3 29/07/09 Oil can Very Old 

11 3 29/07/09 Machete slash Old 

12 4 31/07/09 Gun cartridge Fresh 

13 6 06/08/09 Machete slash Up to 2 weeks 

14 8 06/08/09 Unspecified Uncertain 

15 9 11/08/09 Unspecified Uncertain 

16 11 12/08/09 Machete slash Uncertain 

17 12 10/08/09 Machete slash Uncertain 

18 12 11/08/09 Machete slash Uncertain 

19 12 11/08/09 Machete slash Uncertain 

20 Census S2 12/10/09 Machete slash 1 day 

21 Census S2 12/10/09 Machete slash Uncertain 

22 Census S2 17/10/09 Machete slash 2 days 

23 Census S2 24/10/09 Gun shot sound Same time 

24 Census S2 31/10/09 Gun cartridge 1month 

25 Census S3 10/02/10 Human footprint Fresh 

26 Census S3 22/02/10 Human food 1 day 

27 Census S3 23/02/10 Human footprint Old 

28 Census S3 25/02/10 Batteries Uncertain 
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Appendix E. The heavily used roads of the study site 

A GIS map with the heavily-used roads highlighted. 
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Appendix F. Study site map with contours displayed 

A GIS map showing the pass in the ridge of hills to the south of MCC.
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Appendix G. Faecal consistency data 

Table G.i. The observed faecal consistencies for the Cryptosporidium-positive 
and negative samples (two samples had no consistency data). 

Faecal 
consistency 

Infection status 
Total 

Positive Negative 

Firm 8 112 120 
Soft 1 27 28 

Total 9 139 148 

 
 
Table G.ii. The observed faecal consistencies for the Giardia-positive and 

negative samples (two samples had no consistency data). 

Faecal 
consistency 

Infection status 
Total 

Positive Negative 

Firm 8 112 120 
Soft 1 27 28 

Total 9 139 148 
 

 

 

Appendix H. Examples of codes used for statistical analyses in R 

i) R script used, and the read-out obtained, for the generalised linear models, 
using the model of Cryptosporidium sp. infection as a function of distance to the 
nearest village as an example (ñcase_file_cryptoò = the number of 
Cryptosporidium-positive samples at each nest site; ñcontrol_file_cryptoò = the 
number of negative samples at each nest site): 

> glm(formula = cbind(case_file_crypto, control_file_crypto) ~  dist_village, family = 
binomial, data = nest_data) 

Deviance Residuals:  
    Min        1Q           Median       3Q            Max   
-1.3215  -1.1109  -0.9258        0.6183   2.3335   
 
Coefficients: 
                        Estimate          Std. Error       z value            Pr(>|z|)     
(Intercept)  -2.561e+00      6.398e-01    -4.002              6.27e-05 *** 
dist_village -2.515e-05       7.344e-05     -0.342              0.732      
--- 
3ÉÇÎÉÆȢ ÃÏÄÅÓȡ  π Ȭɕɕɕȭ πȢππρ Ȭɕɕȭ πȢπρ Ȭɕȭ πȢπυ ȬȢȭ πȢρ Ȭ ȭ ρ  
 
(Dispersion parameter for binomial family taken to be 1) 
 
Null deviance: 28.449  on 17  degrees of freedom 
Residual deviance: 28.332  on 16  degrees of freedom 
AIC: 44.053 
Number of Fisher Scoring iterations: 5 
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ii) R-script and result obtained when investigating over-dispersion of infections, 
using Giardia sp. infection data as an example (ñcase_file_giardiaò = the number 
of faecal samples positive for Giardia sp. and ñcontrol_file_giardiaò = the number 
of samples negative for the parasite at each nest site): 

> modg <- glm(cbind(case_file_giardia,control_file_giardia)~1, data=nest_data, binomial) 
> modg$null.dev/modg$df.null 
 
[1] 2.387107  
 

 

 

 
 

 


