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Abstract

The eastern black and the white rhinoceros are endangered mainly due to poaching. Besides poaching diseases
are another impediment to the species recovery. Infection with pirolasms has been linked to rhinoceros post-
translocation mortality in South Africa and Tanzania. Presence of such piroplasms in the Kenyan rhinoceroses
has not been investigated. This study aimedat evaluating occurrence of piroplasms in selected rhino sub-
populations in Kenya. Blood samples were collected from 114 rhinoceroses, genomic DNA extracted, 185 rRNA
genes of Babesia and Theileria amplified, and PCR products analyzed by gel electrophoresis. Fifty six samples
tested positive for piroplasms. White rhinoceroses were significantly infected (65.6%) compared to black
rhinoceroses (42.7%, p =0.028). Males were insignificantly highly infected compared to females (p = 0.353).
Sub adults were insignificantly highly infected compared to adults and juveniles (p = 0.465). Infection rates
among the sub-populations varied insignificantly (p = 0.140). The study concluded that Kenyan rhinoceroses
are infected with piroplasms and recommends further studies to be carried out on piroplasm tick vectors, and
piroplasm- vector- host interaction so as to understand the transmission dynamics, and possible disease-
transmission in the human-wildlife-livestock ecosystem.

Key words: Babesia bicornis, Theileria bicornis, translocation, piroplasms

1.0 Introduction

Rhinoceros were abundant in Kenya in the early 20th Century (Brett, 1993) that they were viewed as
agricultural pests that impeded human settlement in the eastern part of Kenya. The black rhino numbered
around 20,000 individuals in 1970’s and still had a wide distribution throughout Kenya. However, the
population declined catastrophically due to authorized hunting, poaching and human settlements during the
following 20 years, to less than 400 individuals by 1990 (Okitaet al., 2007). This decline resulted in small,
isolated, demographically unviable populations scattered across fragmented regions in Kenya, with many
facing local extinction. An ambitious translocation program for isolated rhinoceros populations that focused on
moving rhinoceroses into high security breeding nucleus sanctuaries enhanced their security and breeding
prospects (Merz, 1994). Gradually new sanctuaries were established by trans locating offsprings from the
nucleus sanctuaries and by 2008, the black rhinoceros population in Kenya had grown to over 650 animals
(Emslie et al., 2009) in 16 subpopulations.

The current number of free ranging black and white rhinos in Kenya is 670 and 370 individuals respectively.
Although the population size of the eastern black rhinos in Kenya is small, it represents about 90% of the
subspecies global population (Emslie, 2011). The Southern white rhino population was introduced in Kenya
from South Africa (Okita et al., 2007; Emslie et al., 2009) and their small number represents a steadily growing
population. Demand for rhino horns of both species drive the high poaching incidence. The black rhinoceroses’
horn is highly valued making the species a prime target for poaching. In Kenya, both species are intensively
managed as a meta-population with sub-populations occurring in different eco-zones (Brett, 1990).
Translocation of individual rhinos from various sub-populations is therefore frequently undertaken to promote
gene flow and also manage population size as well as balance sex ratio (Muya et al., 2011).

The process of capture and translocation is a highly stressful event, which elicits variable negative effects on
the physiology and immunology of the animal (Woodford et al., 1993). A group of blood parasites known as
piroplasms, in the order Piroplasmidae, which includes Babesia and Theileria, have been linked to morbidity
and mortality of rhinoceroses in Tanzania, South Africa and Kenya (Nijhoh et al., 2003; Penzhorn, 2006;
Obanda et al., 2011), which suggests that besides poaching, disease is an emerging impediment to rhinoceros
recovery strategies (Ramsey et al., 1993; Penzhorn et al., 1994).

The connection of translocation to onset of disease such as piroplasmosis, which is transmitted by the nearly
ubiquitous ticks, is of interest because translocation is a vital tool frequently employed to manage the meta-
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population in situ (Emslie et al., 2009). The species of Babesia and Theileria associated with mortalities in black
rhino in South Africa and Tanzania are T. bicornis and B. bicornis that have been named as new species (Nijhof
et al., 2003). There is no evidence whether these lethal species infect Kenyan rhinoceroses Moreover, it is not
known which other species of piroplasms latently infect rhinos in the different sub-populations.The goal of this
study was therefore to evaluate the occurrence, infection rates, and spatial distribution of piroplasms in
selected rhinoceros meta- population in Kenya.

2.0 Materials and Methods

2.1 Study Animals and Ethical Consideration

Eastern black (Diceros bicornis michaeli) and southern white rhinoceroses (Ceratotheriumsimum simum) from
Meru, Lake Nakuru, and Nairobi National Parks, Mugie Game Ranch, Solio and Ngulia Rhino Sanctuaries (Figure
1)were sampled during scheduled management activities by Kenya Wildlife Service between 2011 and 2012. A
total of 114 (82 black and 32 white) rhinoceroses were sampled and the subjects included males and females
of all age ranges. The rhinoceroses were grouped into three age groups as follows; Juvenile 0-3.5years, sub
adults above 3.5-7 years, and adults (above 7 years). The Committee of the Department of Veterinary and
Capture Services of the Kenya Wildlife Service (KWS) approved the study including animal capturing,
translocation and sample collection. KWS guidelines on Wildlife Veterinary Practice-2006 were followed. All
KWS veterinarians were guided by the Veterinary Surgeons and Veterinary Para-Professionals Act, 2011 that
regulates veterinary practice in Kenya.

1. Meru NP
2. LakeNakuru NP
3. Nairobi NP

4. Solio RS

5 Ngulia RS

- Rhino conservation areas in Kenya

Figure 1: Rhinoceros conservation areas in Kenya with the areas from which blood samples were collected from
both black and white rhinoceroses marked with an asterick and numbered in red
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2.2 Collection, Handling and Processing of Blood Samples

Sampling was done opportunistically during scheduled immobilizations for population and health management
as listed in table 1. The rhinos were chemically immobilized using Etorphine and Hyaluronidase and were
darted from a helicopter. Upon recumbency, blood was drawn from the radial vein of the foreleg into
ethylenediaminetetra-acetic acid (EDTA) tubes, mixed and labeled with animal’s specific details as well as date
and placed in cool box and transported to the laboratory in Nairobi.

Table 1: Rhinoceros conservation areas sampled event and the date of sampling

Area Activity Date

Meru National park Ear notching February 2011

Mugie Game Ranch Translocation December 2011-January2012
Solio Rhino Sanctuary Translocation January 2012

Ngulia Rhino Sanctuary Ear notching March 2012

Nairobi National Park Ear notching June 2012

Lake Nakuru National Park Ear notching July 2012

23 Extraction of DNA

DNA was extracted from 200 pl of Ethylene diamine tetra acetic acid (EDTA) anticoagulated blood using a DNA
extraction kit (DNeasy blood &Tissue Kit, QIAGEN, Southern Cross Biotechnologies, South Africa) following
manufacturers protocol. The stored blood was thawed and mixed at room temperature, then, 20ul of
proteinase K was pipeted into a 2ml microcetrifuge tube and 200ul of anticoagulated blood added. AL Buffer
(200 ul) was added and mixed by vortexing and then incubated at 562C for 10 min. Ethanol (200ul) was added
and mixed by vortexing and afterwards the mixture was pipeted into a DNeasy mini spin column in a 2ml
collection tube and centrifuged at 8000 rpm for one minute. The flow-through and collection tube were
discarded, the spin column was placed in a new 2ml collection tube and 500ul AW1 buffer added and
centrifuged at 8000rpm for one minute after which the flow-through and collection tube were discarded. This
washing step was repeated by adding 500ul of AW2 washing buffer and centrifuged at full speed for three
minutes. The spin column was then transferred to a new 2ml microcentrifuge tube and 200ul of elution buffer
AE added and incubated for 1 minute at room temperature then centrifuged at 8000rpm for one minute to
elute the DNA. The last step was repeated for maximum yield. The DNA samples were stored at -202C for
further analysis.

2.4 Polymerase Chain Reaction

Genomic DNA extracted from 114 rhino whole blood was subjected to a nested amplification of the 18 Small
Subunit ribosomal RNA (18S rRNA) genes of Babesia and Theileria using two newly designed set of primers
(BecA-Hub, International Livestock Research Institute, Kenya). Primers used for primary amplification were
1LO-9029 (Forward) (5’CGGTAATTCCAGCTCCAATAGCGT-3') and ILO-9030 (Reverse) (5'-
TTTCTCTCAAAGGTGCTGAAGGAGT-3’) (Jeneby et al., 2011). For The Secondary amplification the primers used
were, MWG4/70 (forward) (5-AGCTCGTAGTTGAATTTCTGCTGC-3’) and ILO-7782 (Reverse) (5'-
AACTGACGACCTCCAATCTCTAGTC-3’) (Jeneby et al., 2011).

25 Primary Amplification

Primary amplification was performed in a final volume of 50ul containing 45ul of 1.1X Platinum blue supermix,
1.0ul of each primer (forward and reverse), and 3ul of the genomic DNA. The tubes were put directly into a
programmed Applied Biosystems Veriti 96 well thermocycler. The primary PCR comprised 30 cycles, where the
denaturation step was done at 95°C for 30s, the annealing of primers at 53°C for 30s and the extension of
strands for 1minute at 72°C. The PCR was completed with a final extension cycle of 9 minutes at 72°C, and left
at4°C.

2.6 Secondary Amplification

Secondary amplification was performed in a final reaction volume of 50ul containing, containing 45ul of 1.1X
Platinum blue supermix, 1.5ul of each primer (forward and reverse), and 2ul of the primary amplification
product. The tubes were put directly into a programmed Applied Biosystems Veriti 96 well thermocycler. The
secondary PCR comprised 30 cycles, where the denaturation step was done at 95°C for 30 s, the annealing of
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primers at 55°C for 30 s and the extension of strands for 1minute at 72°C. The PCR was completed with a final
extension cycle of 9 minutes at 72°C, and left at 4°C.

2.7 Electrophoresis

PCR amplification products were analyzed by running them on electrophoresis gel. 5ul aliquots of PCR product
and DNA ladder of 100bp were run on a 1% agarose gel stained with ethidium bromide at 80volts for 50
minutes.

2.8 Statistical Analysis

The parasites infection rate differences between the rhinoceros species, sexes, age groups, and sampling
locations was assessed using the Pearson Chi-square test (x?). Statistical significance was accepted at p <0.05
with confidence interval, (Cl) of 95%. SPSS version 18.0 (Chicago, IL, USA) for windows was used for data
processing.

3.0 Results

3.1 Identification of Piroplasms using PCR, and Gel Electrophoresis

Out of the 114 rhinoceroses sampled 56 tested positive for piroplasms on PCR amplification and gel
electrophoresis. The positive samples formed a band at approximately 400bp which was the expected
fragment size (Figure 2).

Ladder +ve -ve 0617 S0W93 82 49 Ladder

-=—=400bp

—— 100bp

Figure 2:Gel electrophoresis PCR amplification of a partial sequence of 185 rRNA of Babesia spp./Theileria spp.
gene, product size approximately 400 bp. Lanes (From Left): (1) Molecular weight marker = 100bp; (2)
Positive control; (3) Negative control; (4-7) Products of the amplified PCR product obtained from
secondary PCR; (8) Molecular weight marker = 100bp

3.2 Infection Rates in Black and White Rhinoceroses

Overall infection rate in the white rhinoceroses was significantly higher (65.6%) than that of the black
rhinoceroses (42.7%, x?=0.028, Figure 3). Ngulia and Solio Rhino Sanctuaries did not have white rhinoceros
representatives because they are purely black rhinoceros conservation areas. Piroplasm infection rates in the
two rhinoceros species from the six conservation areas sampled is summarized in Table 2. Ngulia and Solio
Rhino Sanctuaries did not have white rhinoceros representatives because they are purely black rhinoceros
conservation areas. In all the areas having both species white rhinoceroses were highly infected than the black
rhinoceroses.
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Table 2: Piroplasm infection rates in D. bicornis and C. simum from the six conservation areasin Kenya

Species C. simum D. bicornis
Conservation area Positive (%) Positive (%)
Lake Nakuru National Park 66 53.3
Nairobi National Park 100 44.4
Ngulia Rhino Sanctuary - 44.8
Meru National Park 70 50
Solio Rhino Sanctuary - 12.5
Mugie Game Ranch 0 42.1
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Figure 3: Overall piroplasm infection rates in C. simum and D. bicornis from six different rhinoceros

conservation areas in Kenya

3.3 Infection Rates in Male and Female Rhicoceroses

Overall infection rate in the males (53.7%) was insignificantly higher compared to that of females (45%, x*
=0.353, Figure 4) in both rhinoceros species.Piroplasm infection rates in female and male rhinoceroses of both
species from the six sampled conservation areas varied and are summarized in Table 3.

Table 3: Piroplasm infection in male and female rhinoceroses of both species in different conservation areas in

Kenya
Sex Male Female
Conservation area Positive (%) Positive (%)
Lake Nakuru National Park 65 53.3
Nairobi National Park 50 50
Ngulia Rhino Sanctuary 30 52.6
Meru National Park 75 50
Solio Rhino Sanctuary 0 20
Mugie Game Ranch 55.6 27.3
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Figure 4: Overall piroplasm infection rate in males and females in both rhinoceros species from different
conservation areas in Kenya

34 Infection Rates in the Juvenile, Adult and Sub-adult Rhinoceroses

Juveniles had lower infection rate (35.3%) compared to adults (51.2%) and sub-adults with sub adults having
the highest infection rate (51.8%), but the differences were not statistically significant(x’> = 0.465, Figure
5).Piroplasm infection rates in adults, sub-adults, and juveniles of both rhinoceros species from the six sampled
rhinoceros conservation areas are summarized in Table 4.

Table 4: Piroplasm infection rates in adults, sub-adults and juveniles of both rhinoceros species sampled from
different rhinoceros sub-populations in Kenya

Age group Adults Sub Adults Juveniles
Conservation area Positive (%) Positive (%) Positive (%)
Lake Nakuru NP 57.1 60.7 -

Nairobi National Park 100 50 42.9

Ngulia Rhino Sanctuary 53.6 57.1 22.2

Meru Naional Park 75 62.5 -

Solio Rhino Sanctuary 0 16.7 -

Mugie Game Ranch 42.9 25 100
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Figure 5: Overall piroplasm infection rates in the juveniles, sub-adults and adults in both rhinoceros species
from six rhinoceros conservation areas in Kenya

3.5 Infection Rates in the Different Rhinoceros Conservation Areas Sampled
Infection rates varied among the six sampled sub population with Meru National Park having the highest

infection rate (66.7%), while Solio Rhino Sanctuary had the least (12.5%) thoughthe differences were not
significant(x? = 0.140).
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Figure 6: Rhinoceros infection rates in the six conservation areas in Kenya

4.0 Discussion

In this study piroplasms were isolated in all the rhino sub-populations sampled and infected individuals
comprised both black and white rhinoceros of both sexes and age groups. Piroplasm occurrence in these sub-
populations suggests that both species in Kenya are susceptible. Further, it suggests that Kenyan rhinoceroses
are sub-clinically infected with piroplasms, which makes them reservoirs for host.Similar findings were found

in Tanzania and South Africa’s black and white rhinoceroses (Nijhof et al., 2003; Zimmermann, 2009; Govender
etal., 2011).
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The infection rate in white rhinoceroses was significantly higher than that of the black rhinoceroses (figure 3),
which suggest that although both species are susceptible to piroplasm infection, the white rhinoceroses are
more susceptible than the black rhinoceroses, they are important in the epidemiology of rhinocerotid-specific
piroplasms, and that they may influence the overall endemic stability in the rhinoceros population.

Sex-biased prevalence is observed in many parasitic infections with males having higher prevalence and
intensity of infections than their con-specific females (Klein, 2004; Cross et al., 2009). In many species males
have larger home ranges, which may also lead to increased exposure to parasites (Miller et al., 2005). In
addition territorial males have been shown to be exposed and susceptible to parasitic infections (Ezenwa,
2003; Cross et al., 2009), because territorial defence often involves aggressive encounters that may increase
exposure to parasites and because defensive behaviors are energetically costly and may increase stress and
testosterone levels, which has immune suppressive effects (Zuk et al., 1996). Although in this study there was
no significant sex-biased difference in piroplasms infection rates, males of both species were seen to have a
higher infection rate than the females which corresponds to the above statements (Figure 4).

Age is an important factor that may influence infection rate in chronic diseases. In this study, infection rate
was seen to increase with age with highest infection rate observed among sub-adults (Figure 5). Rhinoceros
sub-adults are usually subjected to variable stressful conditions, such as reproductive maturity, courtship,
territorial defense (Brett, 1988; Govender et al, 2011) or conquest, mating, and pregnancy, which may lead to
immune suppression and trigger infection (Glaser et al., 2005; Meulenbein, 2006;). The findings of this study
therefore confirm that rhinoceroses in the sub-adult age-group are highly susceptible to piroplasms infection
since they had a higher infection rate compared to the adults and juveniles. Although there was no statistical
difference in infection rates among age groups, the findings are similar to those of white rhinoceros population
in South Africa (Govender et al., 2011) where sub-adult cows were significantly infected than the other age
groups. On the other hand juveniles may initially be protected by maternal antibodies, but once passive
immunity wane they may become susceptible to parasitic infections (Cross et al., 2009).The findings of this
study supports the above statement since juveniles had the least infection rate.

Spatially structured populations, weather natural or artificially created like the rhinoceros meta-population,
and host migration can modify host-parasite interactions (Thrall et al, 1997), and cause changes in infection
rates (Grosholz, 1993). In rhinoceros meta-population, host migration is by host translocation, which ensures
spread of both vector and parasites across habitat/populations. This study showed universal infection with
piroplasms in all the sampled rhinoceros meta-populations. These parasites have co-evolved with their hosts
and have developed an equilibrium or endemic stability in which infected hosts do not develop disease
(Pezhorn et al., 1994; Penzhorn, 2006).

Although results showed variations in the infection rates among the sub-populations in this study which could
be influenced by multiple localized factors, the difference was not significant (x> = 0.140). Given the fact that
healthy and nutritionally unstressed rhinos were chosen for translocation could also have contributed to the
low infection rates observed in Mugie Game Ranch and Solio Rhino sanctuary. According to Lopez et al.,
(2005), frequent introduction of parasites into a population via host migration contributes to local population
prevalence. This implies that rhino sanctuaries that frequently receive new individuals are likely to harbor
higher parasite infection. Findings of thisstudy does not support the above statement since although there
were differences in infection rates in the different conservation area, they were not significant.

In natural meta-population, host migration between patches increases connectivity and biodiversity
(Martensen et al., 2008), and re-colonization of extinct patches, however, with increased migration,
trabsmission of parasites among patches (Lopez et al., 2005) and the exposure to a pathogen also increase, for
example due to increased contact rate with other host species (Harding et al., 2012). Host migration in the
artificially established rhino meta-population in Kenya is achieved by frequent capture and translocation, an
exercise that is inherently stressful and suggested to trigger clinical or fatal piroplasmosis in the species. In this
study, all the sampled sub-populations of rhinoceroses were infected with piroplasms, which mean that the
populations were chronically infected and immunologically challenged. It is known that acute or chronic stress
is able to cause such latent infections to progress to clinical and fatal piroplasmosis (Brocklesby, 1967; Mugera
et al., 1967; Nijhof et al., 2003; Nijhof et al., 2005). This is because it is able to physiologically suppress host
immune competence (Agarwal et al., 2001; Meuhlenbein, 2006), allowing proliferation of parasites in the host
to a threshold that leads to clinical state which may become fatal (Nijhof et al., 2003).
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It is probable that the high rates of infection with low incidence of clinical disease in the Kenyan rhinoceros
meta-population indicate a state of endemic stability (Penzhorn, 2006) that may accord populations or
individuals’ sufficient immune defense. Although Kenyan rhinoceroses could be endemically stable, the impact
of chronic infection may be diverse and deleterious (Chapman et al., 2007; Fuente et al., 2008). However in
terms of translocation-based population management, a state of universal piroplasm infection may be
beneficial since disease risks associated with introduction of novel pathogens into a naive population or naive
individuals into endemic areas is reduced.

5.0 Conclusions

The findings of this study confirmed the occurrence of piroplasmsin both the Kenyan white (Ceratotheruim
simum simum) and black (Diceros bicornis michaeli) rhinoceros of both sexes and all age groups in all the rhino
conservation areas sampled. The sampled animals didn’t show any clinical signs of piroplasmosis and therefore
the rhino’s co-existence with the parasites seems to represent an instance of endemically stable situation. The
occurrence of piroplasmsin all the sub populations of rhinoceros in Kenya suggests that both species are
susceptible. In addition, it suggests that all sub-populations are immunologically challenged against
piroplasms. Further, it suggests that Kenyan rhinos are sub-clinically infected with proplasms, which makes
them maintenance hosts. Lastly it suggests that all locations of rhinos harbor competent tick vectors of
piroplasms.

6.0 Recommendations

Following the findings of this study | recommend that an epidemiological study to be carried out using larger
and random sample size from each rhinoceros conservation area to characterize thepiroplasm species
infecting Kenyan Rhinoceroses.Further study to be carried out on piroplasm tick vectors, and piroplasm-
vector- host interaction so as to understand the transmission dynamics, and possible disease-transmission in
the human-wildlife-livestock ecosystem.

Acknowledgement

My sincere gratitude goes to the personnel of the Veterinary Services Department Kenya Wildlife Service, who
in many ways facilitated the completion of this work. | specifically acknowledge Dr. Joseph Makumi, Dr. Steven
Runo, and Dr. Francis Gakuya for accepting to supervise this study, and for their advice and encouragement. |
acknowledge National Council for Science and Technology for funding the project, Kenya Wildlife Service for
approving the project, allowing me to use their facilities, and for their financial support during the period | was
working in the institution.

261



References
Agarwal, S.K., and Marshall, G.D. (2001). Stress effect on immunity and its application to clinical immunology.
Clinical and Experimental Allergy, 32, pp 25-31.

Brett, R. (1990). The Black Rhinoceros Sanctuaries in Kenya. Pachyderm, 13, pp 31-34.

Brett, R. (1993). Conservation strategy and management plan for black rhinoceros (Diceros bicornis) in Kenya.
Kenya Wildlife Service, pp 1-105.

Brett, R.(1988). Mortality factors and breeding perfomance of translocated black rhinos in Kenya: 1984-1995.
Pachyderm, 26, pp 69-82.

Brocklesby, D. W. (1967). A Babesia species of the black rhinoceros. Veterinary Record Journal, 80(15), pp 484.

Chapman, A.C, Saj, LT. and Snaith V.T. (2007). Temporal dynamics of nutrition, parasitism, and stress in
Colobus monkeys: implications for regulation and conervation. American Journal of Physical Anthropology, 134,
pp 240-250.

Cross, P.C., Drewe, J., Patrek, V., Pearce, G., Samuel, M.D., and. Delahay. R.J. (2009).Wildlife Population
Structure and Parasite Transmission: Implications for Disease Management. In Management of Disease in Wild
Mammals. Delahay, R.J., Smith, G.C., and Hutchings, M.R (eds). Springer, Tokyo. Pp 9-30.

Emslie, R.H., Amin, R., and Kock. R. (2009). Guidelines for the in situ Reintroduction and translocation of African
and Asian rhinoceroses. Gland, Switzerland; Occasional Paper of the IUCN Species Survival Commision No.39.

Emslie, R. (2011). Diceros bicornis longipes. IUCN Red List of Threatened Species. Version 2. International
Union for Conservation of Nature.

Ezenwa, V.0. (2003). Host social behavior and parasitic infection: a multi-factorial approach. Behavioral
Ecology, 15(3), pp 446-454

Fuente, J., Estrada-Pena, A., Venzal, J.M., Kocan, K.M., and Sonenshine, D.E. (2008). Overview: Ticks as vectors
of pathogens that cause disease in humans and animals. Frontiers in Bioscience, 13, pp 6938-6946.

Glacer, B., and Kiecolt-Glacer, J.K. (2005). Stress-induced immune dysfunction:implications for health.Nature
Reviews, Immunology, 5, pp 243-251.

Grosholz, E.D.(1993). The influence of habitat heterogenicity on host-pathogen population dynamics.
Oecologia, 96, pp 347-353.

Govender, D., Oosthuisen, M.C., and Penzhorn, B.L. (2011). Piroplasm parasites of white rhinoceroses
(Ceratotherium simum) in the Kruger National Park, and their relation to anaemia. Journal of South Africa
Veterinary Association, 82, pp 36-40.

Harding, K.C., Begon, M., Eriksson, A., and Wennberg, B. (2012). Increased migration in host—pathogen
metapopulations can cause host extinction. Journal of Theoretical Biology, 298, pp 1-7.

Klein, S.L. (2004). Hormonal and immunological mechanisms mediating sex differences in parasite infection.
Parasite Immunology, 26, pp 247-264.

Lopez, J.E., Gallinot, L.P., and Wade, M.J. (2005). Spread of parasites in metapopulation: an experimental study
of the effects of host migration rate and local host population size. Parasitology, 130, pp 323-332.

Martensen, A.C., Pimentel, R.G., and Metzger, J.P. (2008). Relative effects of fragment size and connectivity on

bird community in the Atlantic Rain Forest: implications for conservation. Biological Conservation, 141, pp
2184-2192.

262



Merz, A. (1994). Lewa Updates. H.O.R.N Lewa. 4(4), pp 4.

Miller, M. W. and Conner, M.M. (2005). Epidemiology of chronic wasting disease in free ranging mule deer:
Spatial, temporal, and demographic influences on observed prevalence patterns. Journal of Wildlife Diseases,
41, pp 275-290.

Muehlenbein, P.M. (2006). Intestinal Parasite Infections and Fecal Steroid Levels in Wild Chimpanzees.
American Journal of Physical Anthropology, 130, pp 546-550.

Mugera, G. M. and Wandera J.G. (1967). Degenerative polymyopathies in East African Domestic and Wild
Animals. Veterinary Record, 80(13), pp 410-413.

Muya, S.M. and Oguge, N.O. (2000). Effects of Browse Availability and Quality on Black Rhino (Diceros bicornis
michaeli) diet in Nairobi National Park, Kenya. African Journal of Ecology, 38, pp 62-71.

Nijhof, A.M., Penzhorn, B.L., Lyenn, G., Mollel, J.0., Morkel, P., Bekker, C.D.J. and Jongejan, F. (2003). Babesia
bicornis sp. nov. And Theileria bicornis sp. nov: tick-borne parasites associated with mortality in the black
rhinoceros (Diceros bicornis). Journal of Clinical microbiology, 203, pp 2249-2254.

Nijhof, A.M., Pillay, V., Steyl, J., Prozesky, L., Stoltsz, W.H., Lawrence, J.A., Penzhorn, B.L. and Jongejan, F. (2005).
Molecular characterization of Theileria species associated with mortality in four species of African antelopes.
Journal of Clinical Microbiology, 43, pp 5907-5911.

Obanda, V., Kagira, J., Chege, S., Okita-Ouma, B. and Gakuya, F. (2011). Trypanosomiasis and other co-
infections in translocated black (Diceros bicornis michaeli) and white (Ceratotherium simum simum)
rhinoceroses in Kenya. Scientia Parasitologica, 12(2), pp 103-107.

Okita, B., Amin, R. and Kock, R. (2007). Conservation and Management Strategy for the Black Rhinoceros
(Diceros bicornis) and Management Giudelines for the White Rhino (Ceratotherium simum simum) in Kenya.
Third Edition.

Penzhorn, B. L., Krecek, R.C., Horak, J.G., Verster, A.J.M., Walker, J.B., Boomk, J.D., Knapp, S. E. and Quandt,
K.F.(1994). Parasites of African Rhinos. Proceedings of a symposium on rhinos as game ranch
animals.Onderstepoort:Wildlife Group of the South Africa Veterinary Association. Pp 168-170.

Penzhorn, B.L. (2006). Babesiosis of Wild Carnivores and Ungulates. Journal of Veterinary Parasitology, 138, pp
11- 21.

Ramsey, E.C.and Zainuddin, Z.Z.(1993). Infectios Diseases of The Rhinoceros and Tapir.In: Fowler M.E. (ed) Zoo
znd Wild Animal Medicine. Philadelphia: WB Saunders Co. Pp 458-468.

Thrall, P.H., and Burdon, J.J. (1997). Host-pathogen dynamics in a metapopulation context:the ecological and
evolutionary consequences of being spatial. Journal of Ecology, 85, pp 743-753.

Woodford, M.H., and Rossiter P.B. (1993). Disease risks associated with wildlife translocation projects. Scientific
and Technical Review, 12(1), pp 115-135.

Zimmerman, D.E., (2009). The occurrence of piroplasms in various South African black rhinoceros (Diceros
bicornis) populations, MSc (Veterinary Tropical Diseases) Dissertation, University of Pretoria, Pretoria, viewed

2012/04.01

Zuk, M. and McKean, K.A. (1996). Sex differences in parasite infections: Patterns and processes. International
Journal for Parasitology,26, pp 1009-1023.

263



