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Abstract

Anthropogenic habitat transformation and subseqdergmentation of natural vegetation is
regarded as one of the largest threats to biodiyers the world. The Cape Floristic Region
(CFR) in the Western Cape Province of South Afiscelassified as a biodiversity hotspot due to
its high plant species diversity and endemism.dasing growth in agricultural activities in this
region has contributed to fragmentation of pristiraural vegetation. A diverse assemblage of
small mammal species are found in this region, dauy little is known with regard to their
ectoparasite diversity. More importantly, no infaton is available on the effect of
fragmentation on parasite burdens or species assges The aims of the study were first to
record relative density, average body size and loodglition of an endemic rodehabdomys
pumilio, trapped in two habitat types (pristine naturaaarand remnant fragments). Secondly,
compare diversity and species composition of ecagii@ species on this rodent in the two
habitat types. In addition, body size measuremehtbe two most abundant flea species were
recorded and compared for the two habitat typestly,aemporal variation in mean abundance
of fleas, mites, ticks and the louse were recordétiin a habitat fragment surrounded by
vineyards. Three hundred and ten individuals of Boeir-striped mouseR. pumilio, were
trapped and euthanized at 8 localities (4 remnahttét fragments and 4 pristine natural areas)
in the CFR. All ectoparasites were removed andtifled. A total of 8361 ectoparasites that
consisted of 6 flea, 1 louse, 8 mites and 11 tpkcges were recorded. Mites and fleas were
found to be more abundant on mice during cool wentims, whereas ticks and the louse were
more abundant during the hot dry months of the.yRadent host body size was larger and they
were in better body condition in remnant fragmesgmpared to pristine natural localities. A
positive body size relationship was found betwéwmnflea,Listropsylla agrippinae, and the host,
with larger fleas recorded on rodents that occdragments. Mean abundance and prevalence of
overall ectoparasites combined and separatelyid¢ks,tmites, louse and fleas were higher in
fragments compared to natural localities. The stsldgws thatR. pumilio is host to a large
diversity of ectoparasite species in the CFR. Meeeohabitat fragments within agricultural
landscapes can facilitate higher parasite burdadspeevalence in rodent populations. This can
lead to an increase in disease risk given thatrakeéthe parasite species are important vectors

of pathogens that can cause disease in domeslitamimals and humans.



Opsomming

Menslike habitat transformasie en die daaropvolgeindgmentasie van natuurlike plantegroei
word beskou as een van die grootste bedreigingbiwvliversiteit in die wéreld. Die Kaap
Floristiese Streek (KFS) in die Wes-Kaap Provinsa@ Suid-Afrika word geklassifiseer as 'n
biodiversiteit ‘hotspot’ as gevolg van sy hoé plapésies diversiteit en endemisme. Toenemende
groei in landbou-aktiwiteite in hierdie streek loek bygedra tot die fragmentasie van ongerepte
natuurlike plantegroei. 'n Diverse versameling i@ klein soogdier spesies word in hierdie
streek aangetref, maar baie min is bekend metHkiétig tot hul ektoparasiet diversiteit. Meer
belangrik, geen inligting is beskikbaar oor diee&ffvan fragmentasie op parasietladings of
spesie samestelling nie. Die doel van die studie @gastens om relatiewe digtheid, gemiddelde
liggaams grootte en kondisie vdhabdomys pumilio aan te teken vir twee habitat tipes
(ongerepte natuurlike area en oorblyfsel fragmernfjveedens was die diversiteit en
spesiesamestelling van ektoparasieteRopumilio vergelyk vir die twee habitat tipes. Daarna
was die liggaams grootte metings van die twee nwedspste vlooi spesies aangeteken en
vergelyk vir die twee habitat tipes. Laastens wes skisonale variasie van die gemiddelde
hoeveelheid vliooie, myte, bosluise en die luis atelgen binne 'n habitat fragment omring deur
wingerde. Drie honderd en tien individue van diersgestreepte mui®. pumilio, was gevang
op 8 plekke (4 oorblyfsel habitat fragmente en 4evapte natuurlike areas) in die KFS en
daarna was die diere uitgesit. Alle ektoparasieds werwyder en geidentifiseer. 'n Totaal van
8361 ektoparasiete wat bestaan het uit 6 vlooidyid, 8 myte en 11 bosluis spesies was
aangeteken. Myte en vlooie gevind was meer volomojse tydens die koel nat maande, terwyl
bosluise en die luis meer volop was gedurende dienwdroé maande van die jaar. Knaagdier
gasheer liggaam was groter en in 'n beter kondhsdie habitat fragmente in vergelyking met
ongerepte natuurlike areas. 'n Positiewe liggaaootty verwantskap was tussen die vlooi,
Listropsylla agrippinae, en die gasheer gevind, met groter viooie aangatek knaagdiere wat
voorkom in fragmente. Gemiddelde hoeveelheid enrkmus van die totale ektoparasiete
gekombineer en afsonderlik vir bosluise, myte, ldis en viooie was hoér in fragmente in
vergelyking met natuurlike areas. Die studie toat B. pumilio gasheer is vir 'n groot
verskeidenheid van ektoparasiet spesies in die K3rbenewens kan habitat fragmente binne

landbou landskappe hoér parasietladings en voorkoksaagdier bevolkings fasiliteer. Dit kan



lei tot 'n toename in siekte risiko, gegee datke&iesvan die parasietspesies belangrike vektore is

van patogene wat siektes kan veroorsaak in huigtidadwilde diere en die mens.

vi



Thesis structure

Chapter 1 gives a general introduction to the topic of thesis.

Chapter 2 describes the ectoparasite assemblageBhabdomys pumilio in the CFR. This
chapter also discuss the temporal variation ofpastasites in the CFR.

Chapter 3 focuses on the effect of habitat fragmentation ba ectoparasite abundance,
prevalence and species compositionRofpumilio in the CFR. The body size relationship
between host and parasite for the two most aburilinspecies are included.

Chapter 4 is the general conclusion.

Chapters 2 and3 follow the format of scientific manuscripts.
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Chapter 1

General introduction
1.1 Anthropogenic linked habitat transformation

Habitat transformation as a result of increase umén population and associated urban and
agricultural development is a major threat to estemys. Habitat transformation and subsequent
fragmentation are regarded as important contrilsutorthe loss of plant and animal species
diversity and ecosystem functioning (Saundersl. 1991; Petersomt al. 1998; Martin and
McComb 2002). In particular, habitat fragmentatioagatively impacts on small mammal
population dynamics and changes in the abundancamafl mammals may alter ecosystem
processes and lead to changes in productivity amagiility and biodiversity (Peterscs al.
1998; Martin and McComb 2002). In addition, theemgification and extensification of
agricultural activities have the potential to faatle outbreaks in the remaining rodent
populations due to the absence of natural predatods competitors in areas with abundant

resources such as food and shelter (Wilcox and€s@8I05).

The Cape Floristic Region (CFR) is regarded as ainthe biodiversity hotspots of the world
(Cowling et al. 2003). The region covers 87 892%ai South Africa (SA) and is mainly situated
in the south western part of the country (Rougedl. 2003). It is renowned for its high plant
diversity, endemism and a high number of criticalydangered plant species (Goldblatt and
Manning 2000; Cowling and Hilton-Taylor 1994). Thigmate of the region is Mediterranean
and most of the rainfall is recorded in winter nientvith the summer months being relatively
dry and hot (Tyson and Preston-Whyte 2000). Sutwessd expanding wine and crop farming
has resulted in the fragmentation of pristine retuegetation and places increased pressure on
the plant and animal diversity of this region (Reug al. 2003). It is therefore not unexpected
that studies indicate that fragmentation, causeuhlgpny agriculture, has an effect on amongst
others the community structure of renosterveld lslands (Kempeet al. 1999), on overall bird
species diversity (Mangnall and Crowe 2003) andileepliversity in the CFR (Mouton and
Alblas 2002).



1.2 Fragmentation and the effect on host and pards assemblages

Habitat fragments often vary with respect to lesfeisolation and biological characteristics. The
absence of corridors between fragments and theequbst restriction in host movement can
have a negative impact on the genetic variabilitg demography of the fragmented vertebrate-
host populations (Wolfét al. 1997; Ims and Andreassen 1999). This can consdguesult in
inbreeding, in the long-term, and an increase ahdwygous individuals. Inbred populations
may be more susceptible to parasites and diseaseide of their lower immunocompetence
(Smithet al. 2009; Froeschke and Sommer 2005). Changes in sigacand social relationships
between individuals of the rodent host populatiomymalso take place due to habitat
fragmentation (Ims and Andreassen 1999). Fragmentatill influence rodent host populations
both directly and indirectly. Modification of hahit characteristics that include structure, size
and resource availability will influence the rodéist population directly. In addition, the edge
effect, decreasing of genetic diversity and indreas competition both inter- and

intraspecifically, will have indirect influences time rodent host population (Soulé 1991).

Generalist rodent species are able to adapt toetlebsnging environments, utilizing the
abundance of resources (shelter and food) moreiegifly, and thus outcompetes specialist
rodent host species (de la Pes#t&l. 2003; Krasnowt al. 2006b; Rodriguez and Peris 2007;
Manor and Saltz 2008). For example, White-foote@emPeromyscus leucopus) are habitat
generalists and it was found that they are ableeéch high densities in forest fragments as a
result of abundant resources and a decrease irdabom of predators and competitors in the
fragment (Allanet al. 2003). More specifically, the same trend was tbima recent study that
looked at the impact of fragmentation on rodentshia CFR. Generalist species such as the
Four-striped mouseRhabdomys pumilio, and the Pigmy mous&jus minutoides, were able to
better adapt to transformed areas than more sstcgdecies such as the Vlei-r&tomys
irroratus, Verreaux's white-footed rallyosorex verreauxii, and the Cape gerbiGerbilliscus
afra (Mugabe 2008). In addition, this study also lookstdthe potential negative effect that
transformation has oR. pumilio, but found no difference in body condition indexbmdy size
between natural and transformed habitats. The astggested that rodents tend to seek refuge

and food within remnant fragments surrounded bicaljural activities (Mugabe 2008).



Studies on the effect of habitat transformationsamall mammal assemblages in SA are scant
(Laweset al. 2000; Johnsomt al. 2002; Wilsonet al. 2010), especially in the CFR (Mugabe
2008). It is evident though that negative effedt$ragmentations, on host populations, will be
strongly influenced by the availability of resouscén particular, fragments in agricultural areas
may provide food and shelter for small mammal ssee@nd can facilitate high population
numbers. In addition, the absence of natural oocwympredators and large herbivores in these
fragments can further facilitate population gro#lan et al. 2003; Wilcox and Gubler 2005;
McCauleyet al. 2008).

Although the effects of habitat transformation odents have been extensively studied in other
parts of the world (Dickman and Doncaster 1987; B®#at al. 1996; Ims and Andreassen 1999;
Laakkonenret al. 2001) little is known with respect to the effeots the parasite assemblages of
rodent hosts (Vaet al. 2007; Rittker et al. 2008; Friggens and Beier 2010). A recent study by
McCauleyet al. (2008) looked at the effect of the removal of natwccurring large herbivores
on the Pouched mous&atcostomus mearnsi) and their fleas in Kenya and found that the
removal of large herbivores resulted in an increagetal number of fleas as a result of a near
double increase in rodent density (McCautegl. 2008). At present no information is available
on the effect of habitat fragmentation on the redtactoparasite assemblages of small mammals
in the Western Cape Province (WCP) or SA.

Due to the intimate relationship between parasites their hosts it is expected that changes in
the host population dynamics and community strectutl have knock-on effects on the parasite
diversity and species composition. However, pagakie history will strongly influence the

extent of the change.



1.3 Parasite life history

Parasite taxa differ with respect to life historydathus degree of host association, which will
result in species-specific response to host- andre@mmental factors (Krasnov and Matthee
2010). Sucking lice (Anoplura, Phthiraptera) arenpnent parasites, which live, feed, reproduce
and die in the fur of the host animal from generato generation until the host dies (Kim 2006).
They rarely leave the host and are mainly transtethrough direct contact (Marshall 1981). In
general, fleas (Siphonaptera) spend part of thfeirin the burrow/nest (larvae and pupae) and
the rest, to some extent, on the host (adults).ItAstages can further be divided into fur fleas
(spend most of their time in the fur of the host)l amest fleas (spend most of their time in the
host’s burrow/nest) (Medvedev and Krasnov 2006)sdddgmatid mites (Acari) are either
permanent (on host throughout life cycle) or nithas (part of life cycle in nest/roost but is also
found on host) parasites (Houck 1994). Ixodid ti¢ksari) mainly have a multi-host life cycle
(two- and three host life cycles) with the differdeeding stages feeding on different host
individuals (Walker 1991; Walkeet al. 2000). In general, rodents such Rspumilio are
predominantly infested by immature tick stagesvlarand nymphs), while all the life stages of
lice and mites and only adult stages of fleas aauioon them (Marshall 1981; Walker 1991,
Segerman 1995; Matthekal. 2007).

1.4 Factors that shape parasite diversity and spexs assemblages

There are various factors that can influence pragecies composition, diversity and survival
in fragmented landscapes. These factors can beegomto environmental-, host- and parasite
related factors (Krasnov and Matthee 2010). Thallatimate- and habitat variables (e.g.
temperature, humidity, vegetation, soil composijti@me important determinants of parasite
species assemblage (Poulin 2007) and temporaltigarian parasite abundance (Wedl al.
2006). Krasnowt al. (1998) found that the depth of the host burrowtesysinfluenced flea
abundance and species composition to the exteintuthtieas were more abundant on hosts that
use shallow burrows compared to deeper and moreleanburrow systems. This pattern may
be due to a higher tolerance level of fur fleagxternal temperature and humidity. It was also



found that the depth of the burrow depend on thessaucture of the habitat (Krasnax al.
1998).

Parasite numbers vary between seasons on theTimastnderlying causes of temporal variation
can be attributed to seasonal changes in climatk ianthe physiology or behaviour of
intermediate or definitive host species (Watibl. 2006). In addition, individual parasite taxa are
expected to differ seasonally in abundance accgrirtheir relationship with the host and their
specific environmental needs both on and off thet.hBleas, mites, lice and ticks differ with
respect to host association and will thus reademtntly to variation in climate. A number of
studies have been done on temporal variation abwsrectoparasite species on small mammals
in SA (Horaket al. 1993; Louwet al. 1993, 1995; Braac#t al. 1996; Anderson and Kok 2003).
However, most of these studies have been on stagk (e.g. ticks or fleas) and mostly in the
summer rainfall regions of the country (Hortkal. 1993; Louwet al. 1993, 1995; Braac# al.
1996; Anderson and Kok 2003). More recently, a wtwhs done on the full extent of
ectoparasite species & pumilio in the WCP (Mattheet al. 2007). From this study it appears
that fleas, lice and mites seem to increase in meandance during cooler wet months and ticks
increase during hot dry months in the WCP (wingéénfall) onR. pumilio (Mattheeet al. 2007).

As mentioned above vertebrate diversity is negbtiaffected by habitat transformation. Host
species diversity, one of the factors that contalio the biological characteristics of a fragment,
is important due to a positive relationship betwdest species richness and parasite species
richness (Krasnoet al. 2004; Poulin 2007). It is therefore more tharlykthat rodent species
that are able to survive within remnant fragmenitssupport a depauperate parasite assemblage
compared to the same rodent species that co-ocithr several other mammal species in
extensive pristine natural areas (Rosenzweig 1998).the other hand, it might be that the
remaining generalist rodent species may in facbdar high parasite diversity (Egoscue 1976;
Mattheeet al. 2007). More importantly, it is possible that gdeperate pattern will be masked if
the fragments are close to peri-urban areas awogidrely visited or used by domestic animals,
which would facilitate host switching events andtribute to a change in the parasite species
composition and richness of rodent species in tHesgments (Shepherd and Leman 1983;
Shepherdt al. 1983; McMichael 2004).



In addition to host species diversity, several ptmest-related factors such as host body size,
body condition and density can also influence theagite diversity and species composition.
Rodent species that are able to adapt to and é&x@gments in agricultural landscapes benefit
from additional shelter, food, water and protectegainst natural predators (Krasneval.
2006a; Friggens and Beier 2010). The availabilftfood will provide energy to host species for
growth, reproduction and thermoregulation and mesult in improved immunocompetence
(Krasnovet al. 2006a). Host body size can influence parasiteispathness, abundance and
also parasite body size. Larger hosts tend to &dsgher abundance of parasites because their
body surface is larger and thus may provide moeee@and other resources (Moore and Wilson
2002; Poulin 2007). However, this pattern is natsistent for all taxa and thus the importance
of host body size is said to be far from being arsal (Krasnowt al. 2006a; Poulin 2007).

Parasite body size also appears to be positivelselebed with host body size. Larger hosts

provide more space and a greater supply of nusriant it is therefore expected that selection
would favour larger-bodied parasites (Poulin 20@@ntradicting results have been found for

host and parasite body size relationships. Tickybside does not seem to correlate with host
mass (Poulin 1998) whereas a correlation have foeamd between flea body size, host size and
length of rodent host hair (Kirk 1991). In mostraais there are a positive correlation between
body size and fecundity, and this also seems tusdme parasites (Peters 1983). However, the
relationship between host and parasite body sim@i® complex as large body size may lead to
a greater likelihood of dislodging from the hostiahus selection may rather favour parasites

with an intermediate size (Poulin 2007).

Availability of food can improve the condition ohanimal and facilitate resistance to parasite
infections (Oppligeet al. 1996; Brownet al. 2000; Jokelat al. 2005). Food availability for the
host also influences parasite reproduction. Fomgse, the survival of flea eggs and larvae
depends heavily on the food availability to thethms which the parent flea fed (Krasnetval.
2005b). In addition, the condition of a host indival can also vary during the year depending on
hormone levels. Male hosts tend to have a higheasga infestation than females, due to the

suppressing effect of testosterone on immunocompetéZuk and McKean 1996). Host body



condition can therefore have a strong influencetlom level of parasite infestation of the
individual hosts (Hawlenet al. 2008).

Habitat fragmentation may also influence host dgnsvhich is one of the most important
factors that can facilitate the spread and distiaouof parasites among the host population
(Krasnov et al. 2002). The reason for this is that host-acquire for parasites may be
determined by the abundance of host individualslaJe for parasite colonization (Morand and
Poulin 1998). A high abundance of host individwail result in horizontal parasite transmission
within and between host species, and this in tamresult in a higher abundance of parasites per
individual host (Krasnoet al. 2006a). Removal of large herbivores has been stiowesult in

an increase in rodent host density and a subsequaease in total flea abundance (McCauley
et al. 2008). In addition, studies on both endoparagitesikisalmi and Hentonnen 1990) and
ectoparasites (Zhonglai and Yaoxing 1997; Krasapal. 2002) have also shown a positive

correlation between host density and parasite lourde

1.5 Fragmentation and the influence on vector borndiseases

Changes in host diversity and species compositidh have a knock-on effect on parasite
abundance, diversity and ultimately on the riskdifease. Many authors have supported the
hypothesis that biological diversity can causelatidn effect with regard to the transmission of
pathogens. For example, the bacteriBanrelia burgdorferi (cause Lyme disease) are able to
infest a variety of vertebrate host species (Ostield Keesing 2000; LoGuidiat al. 2003).
Studies have shown that the incidence of this dssaems to increase with a loss in vertebrate
diversity in an area (Allart al. 2003). Further, rodent dynamics are strongly erflced by
predators (Ostfeld and Holt 2004). Low predatorsitgnwithin agricultural fragmented areas
can thus lead to a trophic cascade resulting ireased transmission of rodent-borne disease to
humans and other vertebrates in the area (OstfeldHolt 2004). A recent study by Friggens
and Beier (2010) recorded an increase in flea tafie® with increasing anthropogenic
disturbance levels. More importantly flea infesiatipeaked at intermediate anthropogenic

disturbance (agricultural sites). High flea inféista levels may lead to a higher probability of



infection with flea borne disease in the remainuggtebrate population (Friggens and Beier
2010).

1.6 Parasite diversity of small mammals in South Afca

Several studies have recorded parasite diversityatiral occurring small mammal species in
SA (Fourieet al. 1992, 2002; Horakt al. 1999, 2002; 2005; Braack al. 1996; Anderson and
Kok 2003). These studies were mainly descriptive \&ith limited sample sizes per locality. The
majority of studies were conducted in the centrad aorthern parts of the country with only
recent studies done in the southern parts of thé&\({Mattheeet al. 2007, 2010). The study by
Mattheeet al. (2007, 2010) was the first to record a diversseamlage of ectoparasites Bn
pumilio in the CFR. The aim was to obtain adequate parapcies representation per locality
through large sample sizes. Temporal variatiorbumaance was also recorded for the individual
ectoparasite taxa. A total of 32 ectoparasite ggamere recorded froR pumilio in natural and
fragmented localities (Matthest al. 2007) while 20 species were recorded on the sadent at
the De Hoop Nature Reserve (Matthee al. 2010). In the latter study, several of the
ectoparasites recorded d¢h pumilio were shared with a co-occurring rodef, irroratus.
Undescribed ectoparasite species were recordedtindf the studies. Based on this it is clear
that the complete diversity of ectoparasitedopumilio is yet to be recorded. It is thus expected
that future studies on this host in the WCP andv8l\yield additional undescribed parasite

species.

1.7 Rhabdomys pumilio as host

Rhabdomys pumilio (Sparrman 1784) is an endemic broad-niche rodéatidae) that occupies
a vast range of habitats in South and southerrc&f(Schradin and Pillay 2005; Skinner and
Chimimba 2005). This rodent feeds on large quastitf green vegetation, but their primary
food source has been described as seeds (Brook4, Bkinner and Chimimba 2005).
Rhabdomys pumilio uses various nest types such as burrows and apoued grass nests

(Skinner and Chimimba 2005). They are opportunistid often use burrows and nests of other
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rodent species (Schradin 2006). Studies have shbatR. pumilio is socially plastic with
solitary and territorial living in moist grasslandad a more communal social system in arid
environments such as the Kalahari (Nel 1975), NafHitug 2002) and the succulent Karoo
(Schradin and Pillay 2005Rhabdomys pumilio is able to successfully adapt to urban and
agricultural environments, which emphasize the enua importance of this rodent species (De
Graaf 1981, Skinner and Chimimba 2005).

Rhabdomys pumilio has a diverse assemblage of ecto- and endopaspsitées (Tipton 1960;
Zumpt 1961; De Meilloret al. 1961; Till 1963; Ledger 1980; De Graaf 1981; Hoenkl. 1986,
2005; Howellet al. 1989; Segerman 1995; Horak and Boomker 1998;epeth al. 2004;
Mattheeet al. 2007, 2010; Froeschletal. 2010) of which several ectoparasite species caasac
vectors forAnaplasma centrale, Anaplasma marginale, Babesia caballi, Babesia canis rossi,
Yersinia pestis and the virus that cause Crimean-Congo haemorrtfager (CCHF) (Walker
1991; Mattheeet al. 2007, 2010). These ectoparasites are of majoricalednd veterinary
importance and can cause disease in both domestiaks and humans (Walker 1991; Matthee
et al. 2007, 2010).

Using R pumilio as model the study aimed to address the currektdaanformation on the
effect of agriculturally linked habitat fragmentati on the parasite diversity and species
composition of a generalist small mammal specighenCFR of the WCP in SA. The study will
confirm if fragmentation has a similar effect ore thatural parasite diversity as is the case for
plant and vertebrate species in the CFR (Kergpalr 1999; Mouton and Alblas 2002; Mangnall
and Crowe 2003). Given that several of the parasmecies are known vectors for various
pathogens it is important to elucidate any possildies to humans and domestic animals that

occur in close proximity to fragments.



The aims of the study were to:

1)

2)

3)

4)

Record the relative density, average body sizekaaty condition ofR. pumilio and to
compare the data between two habitat types, extensatural areas and remnant
fragments surrounded by agricultural activities.

Compare the diversity and species composition efeiftoparasite species Bnpumilio
populations that occur in the two habitat types.

Record the body size (vertical length, horizoneigth, head length and product of
vertical- and horizontal length) of the two mosuadtlant flea species and to compare the
body size measurements of the relevant flea spbet@geen the two habitat types.
Determine the effect of temporal variation on theam abundance of fleas, mites, lice
and ticks onR. pumilio individuals that occur in a habitat fragment, sunded by

vineyards, in the winter rainfall region of the CFR
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Chapter 2

Species description and temporal variation of the
ectoparasite species associated with Rhabdomys pumilio in
the Cape Floristic Region, Western Cape Province

2.1 Abstract

The Cape Floristic Region (CFR) in the Western C&pevince is classified as a global
biodiversity hotspot due to a high plant speciebrress and endemism. The region also host a
diverse assemblage of small mammal species of whmated information is available on the
ectoparasite diversity on them. Flea, louse, mii@ tick species were recorded from 310 Four-
striped mouseRhabdomys pumilio) individuals trapped at 8 localities in the CFRueTirst aim
was to quantify the species richness, mean abuedamt prevalence of ectoparasite species of a
broad niche rodentR. pumilio, in the CFR. Secondly, to record the temporal atemn in
ectoparasite abundance Bnpumilio individuals that occurs in a remnant renosterfidgdment
surrounded by vineyards. Mice were euthanized, éxesinunder a stereoscopic microscope and
all the ectoparasites were removed. A total of 88@ividuals that consisted of 6 flea, 1 louse, 9
mite and 11 tick species were recorded. Variabteep®s in mean abundance were recorded for
the individual ectoparasite taxa 8 pumilio during the year. Mites and fleas were found to be
more abundant during the cooler wet months whereles and the host specific louse were more
abundant during the warmer dry months. Many of dlotoparasite species recorded Rn

pumilio is of veterinary and medical importance.

2.2 Keywords: ectoparasites, small mammals, temporal variatmaemts
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2.3 Introduction

The Cape floristic Region (CFR) in the Western C&pevince (WCP) is one of the global
biodiversity hotspots of the world (Cowlireyal. 2003) and cover 87 892 Krof South Africa’s
(SA) landscape (Rouget al. 2003). The biodiversity status of the CFR is assalt of a high
plant species richness and endemism in a relatsrelgil area. The region also hosts a diverse
assemblage of small mammal species (Skinner andhi@a 2005). Small mammals and
particularly rodents are characterised by rapid andintained population growth, large
population sizes and short generation times. Caresdtly, they play an important role in
maintaining ecosystems (Moraetlal. 2006). This is evident in the CFR where rodemisqsm
important functional roles in plant ecology. Forample, several rodent species are important
pollinators (Namaqua rock ratMicadomys namaquensis and the Four-striped mouse,
Rhabdomys pumilio) for endemic plant species such as members irfaimdy Proteaceae. In
addition, rodents such & pumilio and the Cape spiny moug&omys subspinosus are known

to predate on seeds béucospermum species (Rourke and Wiens 1992; Christian andt&@tan
2004).

Rodents can be divided into generalist and spstiapecies according to their habitat
requirements and environmental tolerance range r{Mat996). Healthy ecosystems are
normally characterised by high animal diversityttivaclude both generalist and specialist
species that compete for resources (de la Beald 2003; Krasnowet al. 2006; Rodriguez and
Peris 2007; Manor and Saltz 2008). However, in ramthgenic transformed environments,
generalist rodent species tend to out-compete pleiaist species, as they are able to adapt
better to these conditions (Manor and Saltz 206R)st characteristics such as habitat use,
behaviour and body size can shape parasite spessemblages and diversity of individual small
mammal species within an ecosystem (Krassi@l. 1997, 1998, 2006; Matthekal. 2010).
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Little information is available on the ectoparasipecies that are naturally associated with small
mammals in SA. Most studies have focused on mediodl veterinary important taxa and
research are biased towards parasite control stadistudies only focusing on a single parasite
taxon, e.g. ticks. More than 80 of the 650 ixoduk tspecies of the world are found in SA
(Walker 1991). The majority of studies previousiynd on ticks in SA were conducted in the
northern and central parts of the country, all bfcki are summer rainfall areas (see Braach.
1996; Horaket al. 1999, 2002b, 2005; Anderson and Kok 2003). Intemg most of the studies
used the scrub method to remove ticks. The studie® mostly descriptive and aimed to
highlight host preferences and temporal patternsean abundances (Fousgeal. 1992, 2002;
Horaket al. 1993, 1999, 2002b, 2005; Braatkal. 1996).

Few of the studies done in SA to date recordeddendance and prevalence of all the
ectoparasite taxa that co-occur on a host spedigs.such study recorded the arthropod parasites
of Yellow mongooseQ@ynictis penicillata) and found 10 ixodid tick, 2 mite, 8 flea and firig
louse species (Horaft al. 1999). Recently completed studies by Matteeal. (2007, 2010)
recorded diverse assemblages of ectoparasite spati pumilio for several localities in the
CFR and at De Hoop Nature Reserve, WCP. Theseestudghlight the importance d.
pumilio as a host for fleas, lice, mites and ticks. Ialt@2 ectoparasite species were recorded
from R. pumilio in the CFR of which 4 species have never been fdwefdre (Mattheet al.
2007). The study was conducted in extensive peastigtural areas and fragments surrounded by
wheat fields and vineyard€Rhabdomys pumilio individuals at De Hoop Nature Reserve
harboured 20 ectoparasite species of which sewerad shared with a co-occurring rodent, the
Vlei-rat, Otomys irroratus (Mattheeet al. 2010). The high parasite diversity Bnpumilio is in
accordance to our expectation as this rodent @llijo@bundant and regionally widespread and
commonly occur in natural areas as well as urbahagmicultural habitats in South and southern
Africa (Schradin and Pillay 2005; Skinner and Cimrba 2005).

Parasite taxa differ in terms of life history andsi important to have an understanding of the

respective life histories to predict and understapeécies-specific response to changes in
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environmental conditions. In general lice are peremh parasites and never leave the host, while
fleas and mites spend part of their life on thet laosl the rest in the nest of the host (Matthee
and Krasnov 2009). Ticks sporadically attach tohbst for blood meals and spend the rest of
the time in the vegetation (Walketral. 1991, 2000). Local environmental and habitat \deis
(e.g. temperature, humidity, vegetation, soil cosifpan) are important determinants of parasite
species assemblages in a host population (Pould7)2@or example, Krasnost al. (1998)
found that the flea abundance and species compositere related to the depth of the host’s
burrow system. Hosts that made shallow burrows d&igher relative abundance of fur fleas
whereas the hosts that made deeper burrows hagherhelative abundance of nest fleas. It was
suggested that shallow burrows are subjected tbehigxternal temperature and humidity
(Krasnovet al. 1998). Replacement of one flea species by anathethe same host species
between two different habitats also illustrates geatial importance of abiotic factors (air
temperature, relative humidity and substrate tejtéor the development of preimaginal stages

of certain flea species (Segerman 1995; Krastal. 2001).

Individual parasite taxa are expected to diffeiss@ally in abundance and diversity according to
their relationship with the host and their specditvironmental needs both on and off the host.
Seasonality in macroparasite abundance, prevalandethe severity of infections has been
recorded by several studies (Nelsral. 2002 cited in Morandt al. 2006; Wrightet al. 2009).
Temporal variation of ectoparasite abundances baa Bhown with a number of studies in the
summer rainfall (Louwet al. 1995; Braaclet al. 1996; Horaket al. 2002b) and winter rainfall
(Louw et al. 1993) regions of SA, and more recently also ireotharts of Africa (Makundi and
Kilonzo 1994; Laudisoitet al. 2009). These studies in general found differeattgpns
throughout seasons for individual parasite taxa.example, flea abundance increased on rodent
hosts during the cool wet months, when temperatuezs between 22°C and 26°C, but declined
during the months with the highest rainfall in meeastern Tanzania (Makundi and Kilonzo
1994).
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Most of the studies done on temporal variationatbparasites on small mammals in SA looked
at scrub hares (Horadt al. 1993; Louwet al. 1993, 1995; Anderson and Kok 2003) although a
study was also done on two rodents (Red veld v&thomys chrysophilus, and Bushveld
gerbils, Gerbilliscus leucogaster) in the north eastern parts of SA (Braatkal. 1996). More
recently and specifically in the CFR, a winter falhregion, the mean abundance of mites, fleas
and lice seem to be higher Bnpumilio during the cold wet season. In contrast, ticksaweund

to have a higher mean abundance during the warnmdnths.Rhabdomys pumilio individuals
were trapped over 8 nights every 3 to 4 monthslat&ities (extensive natural vegetation while
the other was a habitat fragment surrounded by wireds) in a slightly drier part of the CFR
(Closest town is Wellington, 500 mm mean annuahfadl) (Midoko-Iponga 2004). The
localities were in close proximity to one anothad @lue to low rodent densities, during austral
winter (June) and spring (September), it was dekitte pool the data and to analyses the
seasonal data as one locality (Mattleteal. 2007). Given the later it is uncertain how the

temporal pattern will differ between extensive matwegetation and fragmented habitats.

The aims of the study were two-fold:

1. Quantify species richness, mean abundance andlpneezof ectoparasite species of a
broad niche rodent species in the CFR of the WCP.

2. Record temporal variation in mean abundance o$fleee, mites and ticks dR pumilio
within a remnant fynbos/renosterveld fragment,aumded by vineyards, in the winter

rainfall region of the WCP.

It is expected that the data will contribute infation to existing ectoparasite species lists on
rodents and specificalliR. pumilio in the WCP. The temporal pattern recorded in tresgnt
study will also be compared with the study by Me&& al. (2007) to see if variation in rainfall
and differences in habitat use (wheat fields/natuegetation versus vineyards) have an effect
on the temporal variation of ectoparasite taxa.wedge regarding the temporal variation in

parasite abundance on small mammals in the CFRendble predictions with regard to the
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seasonal pattern in disease risk for vector borseades such as tick bite fever in dogs,

transmitted by the ticklaemaphysalis elliptica.

2.4 Materials and Methods

Host species

Rhabdomys pumilio is a small size diurnal murid rodent species (2%:11g) known to feed on
large quantities of green vegetation, but theimpry food source has been described as seeds
(Brooks 1974; Skinner and Chimimba 2005). In additR. pumilio is able to successfully adapt

to urban and agricultural environments, which enspteathe economic importance of this rodent
species (De Graaf 1981; Skinner and Chimimba 200%9.social structure d&®. pumilio has not
been studied in the CFR; however the low shrub-likgetation in the region is similar to the
succulent Karoo (Mucina and Rutherford 2006) whtre species form communal social
systems. The group home range size is on average@ A8 for males and females in the
succulent Karoo (Schradin 2004, 2006). Males spandt of their day patrolling the territory

and females spend more time on foraging (Schraolé

The species breeds in spring, summer and autunmef@ber to April) in the CFR and there is a

clear seasonal cycle. During the non-breeding wintenths the population numbers decrease
(David and Jarvis 1985). The CFR region has a digérsity of small mammal species (Skinner

and Chimimba 2005) of which several species ofteroacur with R. pumilio (Matthee

unpublished data). For exampl,irroratus is often trapped at the same sites.
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Sudy areas

For the studyR. pumilio individuals were trapped at 8 localities in theRCRVCP during 2009
(Table 1). This region consists of a Mediterranggre climate characterized by dry summers
and wet winters (Midglewt al. 2003). The sample design included paired trapping ratural
sites and 4 habitat fragments that were surrouihgesricultural activities (vineyards or wheat
fields). Two natural areas and 2 fragments thahéa part of the previous study by Mattrete

al. (2007) were resampled. The localities were dthwel00 m above sea level and less than 200
km apart. The vegetation type mainly consistedosfldand fynbos/renosterveld (Mucina and
Rutherford 2006). Habitat fragments consisted ommant lowland fynbos/renosterveld
fragments located within agricultural areas. A sea$study was done on one of the fragments,
Mulderbosch wine farm outside Stellenbosch. Themmeanthly rainfall was 50 mm, with the
wettest months being June to August and Decembeelbouary the driest months. Mean annual
rainfall recorded at Nietvoorbij, the closets weathtation, was 856.36 mm (+ 36.04) from 2005
to 2009. Climate data was provided by the weatberice of Stellenbosch University and the

Agricultural research council.

Rodent trapping

Rhabdomys pumilio individuals were trapped using Sherman-like lrnaps that were baited with
a mixture of peanut butter and oats. The numberapls used per locality ranged from 100 to
200. Rodent trapping followed two designs whera®30R. pumilio individuals were trapped
once at each of the 8 localities during austraingpand summer (October to December 2009)
and secondly, 3®. pumilio individuals were trapped every 3 months (Februltsy, August
and November) in 2009 as part of a seasonal study single locality, Mulderbosch, in
Stellenbosch (Table 1). Although it was initialhetaim to catch 30 individuals at each site with

each trapping period, this was not possible dueviarodent abundance at certain localities.
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Only R. pumilio individuals were removed and all other rodents wdeatified and released at
the specific site. The traps were checked twick/dei an attempt to limit trap related deaths as
a result of environmental exposure the traps wkrged in the day during summer and again at
night during winter.Rhabdomys pumilio individuals were euthanized with 2-4 ml Sodium
Pentobarbitone (200 mg/kg) depending on individwaights. Each mouse was placed in a
separate premarked plastic bag with a referencebaurithe rodents were frozen at -20°C and
examined a few weeks later. The body weight (grana) measurements (millimeter) of the hind
foot, tail and total length of each rodent wereorded following parasite removal (see methods
below). Trapping and handling of rodents were apgdo by the Ethical Committee of
Stellenbosch University and the Western Cape Nat@omservation Board (Ethics nr:
2006B01007; Cape Nature permit nr: AAA004-002215)03

Table 1 Locality information and number d®habdomys pumilio (n = 310) examined in the

Cape Floristic Region, Western Cape Province duzi@p.

Locality GPS Size (knf)  No. of sites Sample size Date Sampled

Natural areas

Jonkershoek 33.98798 S, 18.95541 E 18.04 4 30 oar-

Elandskloof 34.08151 S, 18.55112 E 5.86 3 30 ov-N

Wolwedan: 33.55021 S, 18.4630< 3.4t 2 22 03-Dec

Voelvleidam 34.67125 S, 19.87806 E 8.13 3 30 @6-0
Remnant fragments

Zevenwacht 33.91749 S, 18.73224 E 11 3 29 03-Nov

Vergelegen 34.03580 S, 18.54208 E 0.21 4 23 9-Se

Mulderboscl 33.53374 S, 18.48514 0.1¢ 6 120* (34, 31, 27, 2t Feb, May, Aug, No

Waterval Farm 32.59151 S, 19.01287 E 0.1 3 26 066-

* Total number of individuals caught during Februanay, August and November for the seasonal studfiatlerbosch.

Laboratory procedures

The frozen rodents were removed from the freezerright before the animals were to be
examined. Each animal was removed from the prerdapkastic bag after which the bag was

first systematically examined under a stereoscopa@oscope. After this, the entire animal was
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systematically examined under the stereoscopicastape and all the fleas, lice, mites and ticks
placed separately into specimen tubes, filled With% ethanol and labeled with the relevant
reference number. The ticks and mites were seekpert taxonomists (lvan Horak and Eddie
Ueckermann) for identification, while the fleas drnmk were kept for self identification. Fleas

were mounted by the technique described in Sege(fr&85b). Lice were mounted in a polyvinyl

alcohol solution (PVA). Lice were placed in the i of a microscope slide and were firstly
cleared with a drop of 85 % lactic acid over a #atill transparent. The specimen was then
orientated dorso-ventrally in a drop of PVA and toeer slip was then slowly lowered onto the
specimen. Identification of fleas and lice was dasmg a Leica DM 3000 light microscope and
the morphological key of Segerman (1995) and Le@@80) and Johnson (1960), respectively.

Following all the above, the carcasses were frdaefuture reference.

Data analysis

Descriptive data analyses that included mean almaeddotal counts, standard errors, standard
deviations and total abundances were calculatédi¢nosoft Excel 2007. Species accumulation
curves for each locality, trapped during spring/man trap session, were drawn using
abundance data calculated with the EstimateS 8@puter program (Colwell 2009) and by
selecting one hundred randomizations with replacer(@otelli and Colwell 2001). Temporal
variaition data were analyzed in Statistica 9. A4parametric Kruskal-Wallis test was used to
calculate p values. Then, a post hoc test wasrrwwhich multiple comparisons of mean ranks

for all groups were performed.
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2.5 Results

Ectoparasite species accumulation curves for theboted data (all 8 localities) and for most of
the individual localities, reached asymptotes (Fegul, 2 and 3; Appendix 1: Figures 1 to 6).
Ectoparasite species accumulation curves of thggrfeats (Figure 2) reached their asymptotes
sooner than those of the natural (Figure 3) aredso (see Appendix 1: Figures 1 to 6).
Jonkershoek Nature Reserve is an example of atipdadt still showed a slight increase in the

mean number of ectoparasite species found witleastng sampling effort (Figure 3).

Mean number of ectoparasite species
W
|

() T T T T T T T T T T
1 21 41 ol 81 101 121 141 161 181 201

Sample number

Figure 1: Species accumulation (mean + S.E) (27.15 + 2.28)ecof the ectoparasite species
found onRhabdomys pumilio (n = 217) sampled at 8 localities in the Cape BtariRegion,
South Africa, October to December 2009. Resampdtagstics using sample with replacement

and 100 randomisations (Gotelli and Colwell 2001).
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Figure 2: Species accumulation curve (mean = S.E) (53.52.&1)2f the ectoparasite species
found onRhabdomys pumilio (n = 29) sampled at Zevenwacht in the Cape FlorRRegion,
South Africa, October to December 2009. Resampiagstics using sample with replacement

and 100 randomisations (Gotelli and Colwell 2001).
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Figure 3: Species accumulation curve (mean = S.E) (23.3 #)4of the ectoparasite species
found onRhabdomys pumilio (n = 30) sampled at Jonkershoek Nature Reserw@enCape
Floristic Region, South Africa, October to DecemB809. Resampling statistics using sample

with replacement and 100 randomisations (Gotetli @olwell 2001).

A total of 310 mice were trapped of which 172 werales and 138 females. Seventy six percent
(236) of the mice were reproductively active whhe rest (74) were not reproductively active.
Twenty six ectoparasite species (representing brg¢ were recorded dd pumilio (Table 2).
Ectoparasites consisted of 11 tick, 9 mite, 6 #ed 1 louse species (Table 3). Total ectoparasite
abundance was 8361 of which ticks represented 4%./®llowed by lice (34.91 %), mites
(15.06 %) and fleas (8.24 %). Ticks were the mosvgent and occurred on 77.1 % of the mice,
followed by mites (73.23 %), fleas (64.52 %) arwe [{56.13 %) (Table 3).
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Table 2 Ectoparasite species recorded frBhabdomys pumilio (n = 310) in the Cape Floristic

Region in the Western Cape Province, South Afdcaing 2009.

Order Suborder Family/subfamily Species
Fleas Siphonaptera Chimaeropsyllidae
Chiastopsyllinae Chiastopsyllaross (Waterson 1909)
Chimaeropsyllinae Hypsopthalmus temporis (De Meilon 1940)
Ctenopthalmidae
Dinopsyllinae Dinopsyllus ellobius (Rothschild 1905)
D. tenax (Jordan 1930)
Hystrichopsyllidae
Listropsyllinae Listropsylla agrippinae (Rothschild 1904)
Pulicidae
Xenopsyllinae Xenopsylla demeilloni (Haesalbarth 1964)
Louse Phthiraptera Anoplura Polyplacidae Polyplax arvicanthis (Bedford 1919)
Mites Parasitiformes  Mesostigmata Laelaptidae
Laelaptinae Androlaelaps dasymys (Radford 1939)
A. fahrenholz (Berlese 1911)
A. rhabdomysi (Matthee and Ueckermann 2007)
Laelaps sp.
Laelaps giganteus (Berlese 1918)
Macronyssidae Ornithonyssus bacoti (Hirst 1913)
Trombiculidae Uncertain genus
Astigmata Atopomelidae Listrophoroides womersleyi (Zumpt 1961)
Ticks Parasitiformes  Ixodida Ixodidae

Amblyomminae

Haemaphysalinae

Ixodinae

Rhipicephalinae

Haemaphysalis aciculifer (Warburton 1913)
H. elliptica (Koch 1844)

Ixodes alluadi (Neumann 1913)

I. bakeri (Arthur and Clifford 1961)

I. fynbosensis (Apanaskevich, Horak, Matthee and Matthee 20
Ixodes sp.

Rhipicephalus capensis (Koch 1844)

R. fallis (Donitz 1910)

R. gertrudae

R. lounsburyi (Walker 1990)

R. simus (Koch 1844)

10)
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Six flea species representing 5 genera were redad®. pumilio (Table 3).Chiastopsylla rossi
was the most numerous, 1.10 (mean) (x 0.10 (se)pegvalent (38.39 %) flea species followed
by Listropsylla agrippinae with a mean abundance of 0.75 (£ 0.08) and foundpproximately

a third of the mice (35.48 %). The lowest mean danmge was recorded fofenopsylla
demeiloni of which only a single specimen was found at hlibg (Zevenwacht). Flea species in
general consisted of mostly females and were peavaln more than half (64.52 %) of tRe
pumilio individuals. Dinopsylla tenax had almost double the amount of males to femalatew

almost 4 times morklysopthalmus temporis females were found than males (Table 3).

Only a single louse specieBplyplax arvicanthis, was recovered fromR. pumilio. The mean
abundance (9.42 % 1.33) of the louse was the higtfesll the ectoparasite species and it was
present on more than half of the mice that werpped (56.13 %). Only total counts were
recorded for the louse.

Nine mite species belonging to at least 4 genena wecovered. An unknowirombiculidae
species was recorded on 50 %Rofpumilio individuals. The miteAndrolaelaps fahrenholz,
was the most abundant species (1.97 + 0.14) angbreasnt on approximately 50 % of the mice.
Laelaps giganteus was the second most abundant mite (1.54 + 0.1®)pagsent on 38.39 % of
the mice (Table 3). Both nymph and adult stagab®imites were recorded & pumilio. Three
unknownlLaelaps species were also found, consisting of mostly tastalgesLaelaps sp. 1 was
found at WolwedansLaelaps sp. 2 at Voélvleidam andaelaps sp. 3 at Elandskloof,
Voélvleidam and Zevenwacht. Female biased-sexsat&re recorded for the adult mites (Table
3).

Eight tick species were recorded Bnpumilio (Table 3). The 3 genera weHaemaphysalis,
Ixodes and Rhipicephalus. The ticks of theRhipicephalus gertrudae group were the most
prevalent (50.3 %) and had the highest mean (7.03%%*) and total abundances (2179) (Table
3). Haemaphysalis elliptica andIxodes fynbosensis were the second and third most abundant tick
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species with mean abundances of 1.58 (+ 0.32) &2 (x 0.28), respectively. Four specimens
of an unknownr xodes species were found at Voélvleidam and Elandsklglofst of the ticks that
were collected were immature stages (larvae andohgin However, adult stages were recorded
on R. pumilio for some species, alluaudi, I. bakeri, H. éliptica andR. lounsburyi (Table 3).

Adult females were the predominant sex.
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Table 3 Ectoparasite species proportions recovered fRhabdomys pumilio (n = 310) in the Cape Floristic Region, South édri
October to December 20089.

Ectoparasite species Mean abundance (+SE Total abdiance Larvae (%) Nymphs (%) Adult (%) Sex ratio (mf) Prevalence (%)
Fleas 2.22 (x0.16) 689 100 1:1.15 64.52
Chiastopsylla rossi 1.10 (x0.10) 290 100 1:1.67 38.39
Dinopsyllus ellobius 0.11 (+0.03) 33 100 1:1.06 7.10
Dinopsyllus tenax 0.17 (x0.04) 52 100 1:0.58 10.65
Hysopthal mus temporis 0.2 (x0.03 61 10C 1:3.3¢ 12.9(
Listropsylla agrippinae 0.75 (+0.08 23z 10C 1:1.32 35.4¢
Xenopsylla demeilloni 0.003 (+0.003) 1 100 1:0 0.32
Louse 9.42 (¥1.33) 2919 56.13
Polyplax arvicanthis 9.42 (+1.33) 2919 56.13
Mites 4.06 (+0.28) 1259 8.18 91.82 1:15.28 73.23
Androlaelaps fahrenholzi 1.97 (x0.14) 612 78.27 21.73 1:12.22 56.77
Androlaelaps dasymys 0.2 (£0.04) 63 44.44 55.56 1:6 13.55
Androlaelaps rhabdomysi 0.04 (x0.02) 11 33.33 66.67 1.7 1.61
Laelapssp 1 0.04 (+0.02) 12 0 100 0:12 1.61
Laelapssp 2 0.06 (0.02) 19 5.26 94.74 0:18 3.87
Laelapssp 3 0.11 (+0.03) 33 3.03 96.97 0:32 6.13
Laelaps giganteus 1.54 (x019) 47¢ 0 10C 1:22.¢ 38.3¢
Ornithonyssus bacoti 0.01 (x0.01 3 0 10C 0:3 0.97
Trombiculidae sp. 100 50.17
Ticks 11.27 (¥1.68) 3494 86.72 14 0.92 0:24 77.1
Haemaphysalis aciculifer 0.19 (+0.05) 59 86.44 13.56 0 0 7.74
Haemaphysalis elliptica 1.58 (x0.32) 491 89.41 10.39 0.20 0:1 35.81
Ixodes fynbosensis 1.29 (x0.28) 401 74.31 25.69 0 0 21.61
Ixodes alluaudi 0.04 (x0.01) 11 18.18 9.09 72.73 0:8 3.55
Ixodes bakeri 1.05 (x0.16) 326 52.45 42.64 491 0:16 28.39
Ixodes s 0.01(x0.01 4 25 75 0 0 129
Rhipicephalus gertrudae groupr 7.03 (¥1.51) 2179 93.12 6.88 0 0 50.32
Rhipicephalus lounsburyi 0.09 (x0.04) 80 48.75 42.50 8.75 0:7 9.68

*Consists of immature stages of 5 different speuikih could not be distinguished, namBlgertrudae, R. follis, R. capensis, R. simus andR. lounsburyi
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Rank abundance graphs of the flea, mite and tigl &how low evenness with two or three
species dominating in each taxon (Figures 4 to@jastopsylla ross and L. agrippinae
dominated the flea communit, fahrenholzi andL. giganteus dominated the mite community
and theR. gertrudae group, H. dliptica, 1. fynbosensis and I. bakeri dominated the tick
community (Figures 4 to 6). The overall relativeiatbance of the louse was the highest followed
by the ticksR. gertrudae group and miteA. fahrenholz (Figure 7).
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Figure 4: Rank abundance distribution of flea species re@ml/&omRhabdomys pumilio (n =

310) in the Cape Floristic Region in the WesterrpeC#®rovince, South Africa, October to
December 2009.

39



60

50 -

40 -

30 7

20

Relative abundance (%)

10 4

S
A R N R’
W & o° o> o2
3 & h-&\ L\E\QQ 6‘,‘\6‘3 \&\L\Q W
. v v 3 3 | .

Species rank

Figure 5: Rank abundance graph of mite species recovered R@abdomys pumilio (n = 310)
in the Cape Floristic Region, South Africa, OctotmeDecember 2009.
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Figure 6: Rank abundance graph of tick species recoveread Ritabdomys pumilio (n = 310) in
the Cape Floristic Region, South Africa, OctobeDeember 2009.
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Figure 7: Rank abundance distribution of all ectoparasitecEgs recovered frorRhabdomys
pumilio (n = 310) in the Cape Floristic Region in the WestCape Province, South Africa,
October to December 2009.
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Temporal variation

The CFR is situated in a winter rainfall region @hd highest rainfall was recorded during the
months of May, June and July (Figures 8). Mean dhnces for the 4 ectoparasite taxa were
variable onR. pumilio during the year. The level of infestation was lighest for ticks during
the warmer and dryer summer months (February angember) (Figures 8 to 10). Significant
differences were found between tick abundance bfugey and August (p < 0.05), February and
November (p < 0.01), and May and November (p <)0.Mite infestations seem to increase
during autumn (February and May) (Figures 8 to 1®ignificant differences were found
between mite abundance of February and May (p ¥)0ahd between May and November (p <
0.05). Lice infestations peaked in spring (Augustl &ovember) with significant differences
between February and August (p < 0.01), FebruadyNovember (p < 0.01), May and August
(p < 0.01), and between May and November (p < 0.(Agures 8 to 10) No distinct seasonal
pattern was observed for fleas, but significanfedénces in flea abundance were found for
February and May (p < 0.01), and between May angu&t(p < 0.01) (Figures 8 to 10).
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Figure 8: Mean monthly rainfall at Nietvoorbij StellenboscGape Floristic Region, South
Africa for 2005 to 2009. Standard errors are inelid
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Figure 9: Temperatures (mean, max and min) over four samplérgpds at Stellenbosch in the
Cape Floristic Region, South Africa for the yeab020Temperatures showed with 5 % standard
deviation value error bars.
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Figure 10: Temporal variation of fleas, louse, mites and ticklected fromR. pumilio (n =
120) at Stellenbosch, Cape Floristic Region, Sd\ftita, in 2009. Mean abundance for each
ectoparasite taxon is expressed as the total nuafbedividuals of a particular taxon collected
in a sampling month divided by the total numbemaée recorded for the month. Standard errors
are included.

The temporal patterns in mean abundance are mstieadiwhen looking at the most abundant
mite and flea species. The fl€a rossi and miteA. fahrenholzt showed a similar infestation
pattern, with both species more common Rnpumilio during May (Figure 1la and c).
Chiastopsylla rossi was significantly more abundant in May comparedrébruary (p < 0.01),
August (p < 0.01) and November (p < 0.0Ahdrolaelaps fahrenholz was significantly more
abundant in May compared to February (p < 0.01}, rhare abundant than in August and
November, although not significant (Figure 11a apdThe tick,H. eliptica, was the most
abundant during February and November which waswhemer, dryer months of the year
(Figure 11 d).Haemaphysalis elliptica was significantly more abundant in February and
November compred to the other two months (p < O(Bgure 11 d). The counts féft. elliptica
were high to extraordinary high (20, 31 and 95)3oaof the femaleRr. pumilio individuals that
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were trapped in May at Mulderbosch. The counts wenéted from the temporal variation data
analyses for the tick.
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Figure 11: Temporal variatiorof the most abundant species within each of the éatoparasite
taxa recovered frorR. pumilio (n = 120) at Stellenbosch, Cape Floristic Regioyth Africa, in
2009. (a) flea,Chiastopsylla rossi, (b) louse,Polyplax arvicanthis, (c) mite, Androlaelaps
fahrenholz and (d) tick Haemaphysalis éliptica. (*three outliers omitted from the analysis).
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2.6 Discussion

The current study yielded a high ectoparasite sgexchness and diversity on a broad niche
rodent species in the CFR of the WCP. Several nelescribed species and new locality records
were recorded in the present study. This highligiesfact that the full extent of the ectoparasite
diversity onR.pumilio in the CFR and SA is yet to be uncovered and filnatre studies in
different habitat types might yield novel resuBmased on limited and generally outdated host-
parasite species lists it is suggested that figtudies on generalist rodent species will alsadyiel
original data. This study also provided the fiestard ofX. demeilloni on R. pumilio (Segerman
1995) albeit accidental. Novel data are providedtlon prevalence of trombiculid (chigger)
larvae onR. pumilio in the WCP and SA. This is also the first recottere all the life stages of
the tick R. lounsburyi occur onR. pumilio in the WCP and SA. Based on previous studwes,
pumilio can act as host for a large diversity of ectoptapecies (Mattheet al. 2007). A large
sampling effort is therefore essential to recordepresentative number of parasite species.
Species accumulation curves showed that samplirsgagdaquate and largely representative for
the region and the majority of individual localgieViost of the ectoparasites foundRrpumilio

are important vectors for various pathogens ancttineent study provides an update to existing

ectoparasite species lists of the CFR and theofe3A.

Few studies have been done on the ectoparasitblsgres of small mammals in the WCP. The
potential therefore exist to find new species, libgand host records with additional studies.
This is evident from both the present study and stuglies by Mattheet al. (2007, 2010).
Studies in the WCP have focussed on flea and peeiss of the scrub harkepus saxatilis) at
Bontebok National Park (Louet al. 1993). Low ectoparasite species richness wasdfedrch
may be attributed to the low host sample numbengret al. 1993). More recently a study
recorded the ectoparasite diversity and temporalatan on R. pumilio at several inland
localities in the CFR of the WCP (Matthe® al. 2007), while a second compared the
ectoparasite diversity betwe& pumilio and a co-occuring rodent speci€s,irroratus, at one
locality at the coast in the CFR (Mattheteal. 2010). Similar to the study by Mattheeal.
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(2007, 2010) ticks were the most abundant and peet/gaxon orR. pumilio in the present study

with the louseP. arvicanthis, as the most abundant ectoparasite species.

Sex biased parasitism, on the host, is a commongohenon for several parasite taxa (Cook and
Beer 1955; Askew 1971; Marshall 1981). Previouslieti on small mammals in South Africa
also recorded on-host female bias sex ratios éarsfllice, mites and some adult ticks (Horak and
Fourie 1986; Louwet al. 1993, 1995; Mattheet al. 2007, 2010). The underlying reason for sex
biased parasitism has been attributed to the differ in size, physiology and behaviour between
male and female parasites (Marshall 1981; Krast@l. 2002, 2005). These factors change the
way in which different sexes respond to differenvimnmental variables and affects their
distribution among habitats and hosts. Similar tevipus studies the sex ratios of flea species
found in the present study were female biased finast al. 2005; Mattheest al. 2007). For
example H. temporis females were 4 times more abundant than malesaledas for mites and
ticks were also found in accordance with previowslies onR. pumilio (Mattheeet al. 2007,
2010).

The flea taxon recorded in the present study wasnibst diverse in terms of the number of
genera recorded oR. pumilio. Five flea genera that included 6 species wererded. This is
slightly fewer than the 8 species recorded preWoas R. pumilio in the CFR (Mattheet al.
2007). All of the flea species found in the curretudy has the potential to act as vectors of
Yersinia pestis, the plaque bacterium (De Meillcat al. 1961). Yersinia pestis has also been
isolated from wild hosts, including. pumilio (De Meillonet al. 1961; Sheperd 1983; Shepetd

al. 1983). Very little is known about the potentidl ®outh African flea species to act as

intermediate hosts of cestodes and filarial worktattheeet al. 2007).

In general the fleas in the present study were mmuohe prevalent (64.52 %) dR pumilio
compared to the study by Mattheteal. (2007) where the flea prevalence was recordetba®

%. It appears that this pattern is mainly driverallyigher prevalence for the two most abundant
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fleas,C. rossi andL. agrippinae, while D. ellobius andD. tenax also displayed the same pattern.
The most abundant flea in the present st@y,ossi, occurs throughout SA and share a large
number of morphological features with a congenapecies,C. numae (Segerman 1995).
Mattheeet al. (2007) recorded both species Rnpumilio in the CFR. The two species differ
with respect to the extent of host preference ambpphical rangeChiastopsylla rossi has a
much broader host preference and a wide geogrdpisicge compared t€. numae. For the
former, the preferred host species are listed asHighveld gerbil Gerbilliscus brantsii), O.
irroratisandR. pumilio. Chaistopsyllaross has been experimentally tested to be able to triansm

plaque (Ingram 1927).

Listropsylla agrippinae, the second most abundant flea in the currentystnd in the study by
Matthee et al. (2007), also has a wide distribution throughodt &nd it seems that the
distribution of this species is not influenced biynatic factors (Segerman 1995). The principle
hosts forL. agrippinae include R. pumilio and the Karoo ratGtomys unisulcatus) (Segerman
1995). Both rodent species make above ground r{&isner and Chimimba 2005). This
confirms previous observation thHatagrippinae is normally found on rodents with surface nests
(Segerman 1995). The close association of thisigla the R. pumilio and O. irroratus was
confirmed in a recent study conducted at De HoofuildaReserve in the WCP (Mattheteal.
2010). Interestinglyl_. agrippinae seems to be replaced by a congeneric spdcidsrripae, on
burrowing rodent species such as gerl@srbilliscus brantsii and G. leucogaster) (Segerman
1995).

The genuDinopsyllus was represented by two speciBs,tenax andD. ellobius. Dinopsyllus
ellobius is the most common and widespread species inghasgand it is found mainly in the
moist grassland regions of SA and the coastaldighe Western Cape (Segerman 1995). This
flea is a common body and nest flea and has bemveeed from a range of host species that
include gerbils Gerbilliscus spp.),0. irroratus, the Multimate mousePfaomys natalensis) and

R. pumilio (Segerman 1995Pinopsylla tenax is less common compared o elobius and is

strictly found in the winter rainfall areas of tM#CP (Segerman 1995). Both species were
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recorded in the present study and by Matetez. (2007), but onl\D. tenax were recorded oR.
pumilio at De Hoop Nature Reserve (Matthetal. 2010).Dinopsylla tenax also has a range of
rodent hosts namely). unisulcatus, O. irroratus andR. pumilio but it mainly occurs in their
nests (Segerman 199%)inopsylla ellobius have been experimentally tested to transmit plaque
(Ingram 1927).

Hypsophthalmus temporis appears to be fairly widespread throughout SAoaigh few records
of the species exist (Segerman 19%habdomys pumilio and O. irroratus are the principle
hosts of this flea species (Segerman 1995). Sintvldhe present study this flea was the third
most abundant flea species Rrpumilio in the CFR and at De Hoop Nature Reserve (Matthee
al. 2007, 2010). The fle. demeilloni, has a restricted distribution with the only refsoalong
the west coast of SA (Segerman 1995). The main Bpsties is the Hairy-footed gerbil,
Gerbillurus paeba, which makes underground nests (Skinner and Chi@i005). In addition,
the flea has also been recorded on another burgorident, the Cape gerbierbilliscus afra
(Segerman 1995). It seems thatdemeilloni has a preference for rodents that makes use of
burrows and occurs on the western parts of soutAétina. This probably explains the low
infestation (a single specimen) of this speciefRRopumlio. The current study provides the first
record ofX. demeilloni on R. pumilio and the southern most locality record (Segerm&@¥b)19
Many species of th&Xenopsylla genus are known to transmit plague, although farnmation

exists on the potential & demeilloni (Segerman 1995).

The anoplurid lous®. arvicanthis was the most abundant and prevalent ectopargstges on

R. pumilio in the present study. A similar pattern was obserin the previous study oR.
pumilio in the CFR (Mattheet al. 2007). This is supported by the fact tRapumilio is listed as

the only recognized and preferred host Rf arvicanthis (Ledger 1980). A recent study
emphasized the importance of blood-sucking licah(iPdptera: Anoplura) as potential vectors of
arthropod-borne pathogens and suggested that maties are desperately needed on these lice
(Hornoket al. 2010).
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Studies that focus on the mesostigmatid mite dityeo$ natural occurring wildlife are limited in
SA (Tipton 1960; Zumpt 1961; Till 1963; Loue al. 1995; Horaket al. 1999; Anderson and
Kok 2003; Mattheet al. 2007, 2010). Given the above it is not surprigimg there may still be
numerous undescribed mite species. In additionatramn exists between studies in the type of
data that were recorded. For example, Hoglakl. (1999) recorded species identities but no
information was provided on species abundance slidges or sex ratios. A total of nine mite
species, from four different genera, were recorohethe present study. Three of the species
(genusLaelaps) are new species that are currently undescribéé. Study by Mattheet al.
(2007) also yielded 3 separate undescribed miteaébaps and 1Androlaelaps species) species
on R. pumilio in the CFR (Matthee and Ueckermann 2008, 2009)prAtent, no information
exists on the ecology and biology of most of theste species. This is mainly because studies
have mostly focussed on mite taxonomy and systemati

Most of the mitesA. dasymys, A. fahrenholz, L. giganteus andO. bacoti) found in this study
occur on multiple rodent species and are widelyribigted throughout Africa (Tipton 1960;
Zumpt 1961; Till 1963). Distribution maps that axarent and specific to SA and the WCP are
lacking, and thus it is uncertain what the hostd geographic extent is of the various mite
species in this region. Similar to the pattern tbéwr fleas the prevalence of mites Rnpumilio
was higher in the present study (73.23 %) compsréde previous study (68.20 %) by Matthee
et al. (2007). Again this pattern was mainly driven blgigher prevalence of a few species such
asA. dasymys, A. fahrenholzi andO. bacoti. The genus\ndrolaelaps consists of 26 species and
occurs particularly on rodents or in their nestsaftilee and Ueckermann 2008ndrolaelaps
fahrenholz was the most numerous mite followiaglL. giganteus in the current study. This is in
accordance with the Matthest al. (2007) study. A recently described mit&, rhabdomys
(Matthee and Ueckermann 2008) was again recordd®l pamilio in the present study. Fifteen
species ofLaelaps are found on small mammals, particularly rodemsSA (Zumpt 1961;
Matthee and Ueckermann 2009). Members in this ganeiconsidered to be ectoparasites of a
diverse group of small mammals and the medical mapee of these mites are under
speculation (Zumpt 1961; Matthee and Ueckermanr@RQ(elaps giganteus appears to be

common onR. pumilio as it was the second most abundant and prevalgatimthe present
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study and in Mattheet al. (2007). It was also the most abundant and prevatete onR.
pumilio at De Hoop Nature Reserve (Mattheteal. 2010). This mite is a relative large mite
(female length 1.274 + 24.4@#n) compared to the rest of the mite species foun&.gumilio
(Mattheeet al. 2007). On the host, it is normally found at theebatthe rodent’s tale (Braaek

al. 1996; Mattheest al. 2007). Zumpt (1961) list. giganteus as a broad niche species that can
occur on several rodents that includeirroratus andM. namaguensis. However, the mite was
absent fronO. irroratus that was trapped together wig pumilio at De Hoop Nature Reserve
(Mattheeet al. 2010). It is possible that the local host speaegie will differ spatially.

Three specimens of a tropical rat mi@, bacoti, were found onR. pumilio in autumn at
Mulderbosch. Information on the distribution of thmte is limited in most parts of the world
(Baumstarket al. 2007). The study by Mattheet al. (2007) did record this mite species,
although also in very low abundance and with a @lence of 0.2 %. It was however absent from
R. pumilio trapped at De Hoop Nature Reserve (Mattbeal. 2010). It is known to cause
dermatitis in humans (Beck and Folster-Holst 20@%yansmits a number of bacterial and viral
infections under laboratory conditions and canaacan intermediate host for filarial worms, like
Litomosoides carinii (Baker 1999). These bacterial and viral infectiordude Rickettsia typhi
(murine typhus)R. akari (human rickettsial pox)Coxiella burnetti (Q fever),Y. pestis (plague),
Trypnosoma cruzi (Chagas’ disease) and coxsackie virus (Baker 1999)

Trombiculid larvae (Trombiculidae) were found ofaege number (50.17 %) of the rodents that
were trapped in the present study. The speciegitgemd the number of species involved are
uncertain at present. This is mainly due to a lackaxonomic expertise in SA. The study by
Mattheeet al. (2007) also recorded Trombiculid mites &n pumilio, but unfortunately, no
information was recorded on the prevalence or ahuoece of the mites. The abundance, in the
present study, ranged from very high (more thasd@f body covered) to very low (only a few
individuals present on a rodent). The parasitigestaf chigger mites (Trombiculidae) is the
larvae and this stage is normally the only stageatied by entomologist and parasitologists,

while other stages are found concealed within 3die larvae are known to cause skin eruptions
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and itching, also known as chigger dermatitis, umhns and other animals (Ewing 1944).
Chigger dermatitis has been reported in SA on dwogsa child, but very few formal reports of
this exist (Heynest al. 2001). These mites are able to act as vectorsdab typhus in some
parts of the world (Traub and Wiseman 1974; Weatgé. 2009).

Ticks are probably the best studied taxon of smmalinmal ectoparasites in SA. This is mainly
due to the medical, veterinary and economic impogaof several species. For exampte,
elliptica is known to transmiBabesia canis ross to dogs,Rickettsia conori andC. burnetti to
humans(Walker 1991). Ixodid ticks that occur dd pumilio (Mattheeet al. 2007) and other
small mammals mainly have a multi-host life cydedq- and three host life cycles) with the
different feeding stages feeding on different hindividuals. Small mammals are very important
hosts of mostly immature tick stages. This is evideom the fact that 76 % of ticks recognized
by Horaket al. (2002a) have been found to parasitize small mas(@airden 2006). The small
mammals in any given region will mainly be parasitl by immature stages such as members of
the generamblyomma, Dermacentor, Haemaphysalis, Hyalomma, I1xodes and/orRhipicephalus.
The immature stages drop from the host after adoi@mal and develop into the next stage

(Durden 2006). Adult tick stages will normally feed larger mammals (Walker 1991).

Eleven tick species, representing a total of 3 geneere found in the present study and larvae
represented 87.72 % of the life stages. The tigkigg recorded in the present study were very
similar to the species previously recorded Rnpumilio (Mattheeet al. 2007, 2010). In the
present study thB. getrudae group was the most abundant group of ticks. Howetés group
comprises severdRhipicephalus species R. gertrudae, R. follis, R. capensis, R. simus andR.
lounsburyi) which are difficult to distinguish at larval andmph stage. All 5 species occur in
the WCP and the immature stages prefer small masnasahosts (Walkeat al. 2000). TheR.
gertrudae group were more prevalent ¢d pumilio (82.2 %) in the study by Matthest al.
(2007) compared to the current one (50.3 %). ABulgertrudae ticks are almost exclusively
parasites of large herbivores, including humansahdr primates (Horaét al. 2002b). Matthee

and colleagues recorded 916 adilgertrudae ticks from the vegetation and human clothing at
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different localities in the CFR in 2007 (Mattheteal. 2007). Heavy infestations & gertrudae
have been linked with the death of young baboorfdamibia (Brain and Bohrman 1992). The
distribution of this tick seems to be restricteghéots of SA and Namibia (Walkeral. 2000). In

SA the distribution range comprises parts of thetivon, Western and Eastern Cape Provinces
as well as the Free State Province (Walker 199hg fick, R. simus, has been shown to
experimentally transmitheileria parva parva, T. parva lawrencel, Anaplasma marginale andA.
centrale to cattle (Lounsbury 1906; Neitz 1962; PotgietéB1; Potgieter and Van Rensburg
1987). This tick is also listed as a vectoRotonori to humans (Gear 1992).

Walker (1991) stated thd&. pumilio is also the only known host for immature stagesRof
lounsburyi. Subsequent studies did confirm the presenceeofith onR. pumilio, but in such
low numbers that it could easily be interpretechesidental infestations (Horak and Boomker
1998; Horaket al. 2005). More recently, nymph stages of the tick vee®vered fronR. pumilio
individuals at several localities in the CFR andarger numbers (Matthest al. 2007). In the
present study 80 individuals @&. lounsburyi were found. The life stages that were present
included both of the immature stages and adult fesndhis study provides novel information in
that this is the first record of all the life stagenR. pumilio in the WCP and SA. The present
study therefore provides further evidence Ragtumilio can be considered as a preferred host of
R. lounsburyi. The distribution ofR. capensis is limited to the Western and Northern Cape
Provinces in SA (Walkeet al. 2000). Although little evidence exists, it seelmattthe immature
stages prefer rodents as their hosts, while aohki$ fprefer larger mammals like the Gemsbok
(Oryx gazella) and Eland Taurotragus oryx) as their wild hosts (Walkegt al. 2000).

The preferred hosts for aduit eliptica ticks are domestic dogs, and occasionally cattrelew
the immature stages normally occur on rodents (Ketaal. 1986; Walker 1991). This was
evident from the studies by Mattheeal. (2007, 2010) and the present ohlaemaphysalis
elliptica is a vector foB. canisross which cause babesiosis in dogs and this tickasotily tick
in its genus that is known to carry pathogens (lseval. 1996; Apanaskevicét al. 2007). It is

also a vector foR. conori, that causes human tick-bite fever, @hdournetti which causes Q
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fever in both humans and other animals (Walker 19%% distribution is discontinuously
throughout SA where suitable hosts exist (Haatadd. 2005).

In the current study the genbdes is represented by 4 species of which one is aesoribed
species)xodes sp. Ixodes species differ from the other tick genera in ttiet adult stages are
also often associated with roderitgodes fynbosensis was the third most abundant tick species
found in the present study. This tick was recediycovered orR. pumilio in the CFR (Matthee
et al. 2007) and subsequently described (Apanaskestic. 2010. Not much information is
currently available for this species but basedhenresults from the present study and the studies
by Mattheeet al. (2007, 2010) it does appear tiatpumilio is an important host for the larval
and nymph stages and that the tick may be reddrictéhe higher rainfall regions of the CFR
(Apanaskevictet al. 2010. Two adult females of this species were recovémrau dogs at one
of the localities included in the study by Matthetel. (2007). Temporal data from the present
study indicate that the immature stages are the aimsndant during the warm, dry summer
months. This pattern is supported by Mattbea. (2007).

Both adult and immature stages of the titkalluadi andl. bakeri prefer shrews as their hosts
but they also parasitize various rodent specied&/4991). AlthougH. alluadi was one of the
least abundant ticks of the current study, 72 %hefticks that were found dR pumilio were
adults. This contrast results florbakeri, where a lower proportion of the ticks were adwigsis
(only 4.91 % were adults). For both tick species ldrval stages represented approximately 50
% of the ticks.Ixodes alluaudi occurs throughout SA and Lesotho, but also extitdily
(Walker 1991).Ixodes bakeri has only been recorded in SA. Although diseade associated
with I1xodes species are poorly understood in general, we diwkinat adult females of one
speciesl. rubicundus are responsible for paralysis in some domestic wild animals in
southern Africa (Walker 1991).
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Seasonal fluctuations in macroparasite abundanoebeaattributed to seasonal changes in
climate and in the physiology or behavior of hgst@es (Weilet al. 2006). Fleas, lice, mites
and ticks differ with respect to host association avill thus react differently to variation in
climate. The climate of the CFR in the WCP is dfss as a Mediterranean ecosystem with dry,
hot summers and wet, cold winters (Midgktyal. 2003). It is therefore expected that given the
distinct seasonal variation in climate that induadl ectoparasite taxa will react accordingly
different to this variation, depending on its asatien with the host. For example, it appears that
flea abundance on the host may be determined blyteogperatures rather than rainfall as the
abundance of the fleaCtenocephalides damarensis, on L. saxatilis, in the summer rainfall
region, increased during winter, peaked in abunelashering late winter or spring and then
decreased sharply (Louet al. 1993; Louwet al. 1995). The same results were found for fleas
on scrub hares in the WCP (winter rainfall areg®M(Louwet al. 1993; Louwet al. 1995).

The present study differs from the study by Matteeal. (2007) in that adequate sample sizes
(27-30) were obtained during each of the 4 tragsieas. Moreover, the mice were trapped
exclusively in a remnant renosterveld fragment aurded by vineyards, i.e. the mice were
confined to this specific habitat patch. The stbgyMattheeet al. (2007) was biased in that low
rodent densities resulted in low sample numbers.aA®sult, data were combined for two
vegetation types, remnant fragment and pristinarahtvegetation, in one region. However, even
after combining the data a low sample size (n =&} recorded for one of the trap sessions
(September) (Matthest al. 2007). Small sample size may be a confoundingifac studies that
investigate temporal variation. This is mainly doethe fact that parasites have an aggregated
distribution within the host population (MattheedaiKrasnov 2009). In addition, natural
variation in climatic factors from year to year malgo affect the seasonal pattern in parasite
abundance. It is therefore advisable that adegmt®les sizes are obtained and that repeated

sampling is conducted to confirm the observed patte

In the present study mean flea abundance was gieesti onR. pumilio during late autumn or

winter (May) with a mean daily rainfall of 2.7 mmdamean temperature of 15.5°C. This pattern
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was also evident in the current study, althoughretheas a higher abundance ©f ross
individuals during the summer months than founilettheeet al. (2007) study. Mattheet al.
(2007) found that the fle&. ross were the most abundant during winter to earlyrgp(June

and September).

The host specific lous®, arvicanthis, was absent fromR. pumilio individuals that were trapped
during late summer and autumn in Stellenbosch. Mkean abundance and prevalence of the
louse must have been very low and restricted teva Host individuals during these months.
Increased temperatures associated with spring amansr resulted in peak abundancesRon
pumilio individuals during spring (August) and early sumn{Blovember). This pattern is
slightly different from a winter (June) and spri(@eptember) abundance pattern recorde®.on
pumilio previously in the CFR (Matthest al. 2007). However, both studies support a pattern of
low infestation levels during dry months (late suenrand autumn) in the CFR. In general, the
mean annual rainfall for Stellenbosch region (86618n) is higher than for Elandsberg farm and
nature reserve in Wellington (500 mm) (Midoko-Ipang004). It is therefore possible that
higher rainfall during winter and relatively highaimfall during spring (September, October and
November 2009) in the Stellenbosch region mightarpghe delay in seasonal abundancePfor

arvicanthisin the present study.

Infestation by the lousEulinognathus denticulatus on L. saxatilis at Kimberley in the Northern
Cape Province of SA also followed a sharp increasefestation from spring (September) to
summer (December) (Anderson and Kok 2003). Rairgalterns in the Kimberley area is
characterized by a peak during the late summer mspntith March the wettest month of the
year (Anderson and Kok 2003). Various other studiese on lice of small mammals found
contradicting results and concluded that there setmbe no clear seasonal trend in louse
abundance (Louvet al. 1995; Braaclet al. 1996; Monello and Gomper 2009). Interestingly,
none of the lice found in the latter studies wavstispecific. It is possible that the level of host

specificity may influence the general pattern ofip@ral variation observed on the host species.
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Empirical studies on diversity and temporal pateshmite species on natural occurring wildlife
are limited in SA. This is especially true of data the prevalence, intensities of infestation,
interactions and the effects that mites have om Hwest animals (Braacét al. 1996). Anderson
and Kok (2003) recently recorded the seasonal anaalof two mite species &n saxatilis in

the Northern Cape Province. The larval stages ef ttho mite species did show higher
infestation rates during cool dry months, althotigh number ot. saxatilis sampled per month
was low (n = 4 to 14). In the present study the m&aundance for the mite taxon and for the
most abundant mite specids, fahrenholz, increased towards the end of summer (February) an
reached a peak during autumn (May). High mite taf&sns during winter are also supported by
Mattheeet al. (2007) in the CFR. A study on the epifaunal atads ofA. chrysophilus andG.
leucogaster in the Kruger National Park (summer rainfall) didt show any clear seasonal
patterns for mites, possibly because of a low H&&rbilliscus leucogaster and Aethomys
chrysophilus) sample number (n = 46 each) collected over 12thsofBraaclet al. 1996).

Mean abundance for the combined tick species wgisihiFebruary with a subsequent decrease
during the cold and wet winter months. A peak inratance was recorded during the onset of
summer (November). A similar pattern was recordegdtie most abundant tickd. elliptica. A
spring-summer peak is supported by Mattetesd. (2007). Temperature and rainfall are the main
variables that can affect the hatching of tick egghgch will eventually influence the abundance
of immature stages on rodents (Fourie and Horak7; 188 Ghali and Hassan 2010). A study
done onA. chrysophilus andG. leucogaster in Kruger National Park (summer rainfall) recorded
the highest abundance Bif dliptica/spinulosa larvae during September (spring) and nymphs
during June-July (winter). The authors suggested the small sample size prevented a clear

pattern of the seasonal abundance of ticks (Breiaak 1996).

It is evident from the current study tHatpumilio in the WCP is host to a diverse assemblage of
ectoparasite species. In addition, this generabdent that is locally abundant and regionally
widespread acts as an important host for severtdleoéctoparasite species. Mean abundances of

the ectoparasite taxa on the host vary throughwuyeéar in the CFR. The variation was taxon-
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specific and largely ranged from a preference tml evet conditions (fleas and mites) to warm
and dry conditions (ticks and louse). Knowledgearding the temporal variation in abundances
is especially valuable for species that act asorecFor example, the spring/summer peak of
elliptica larvae and nymphs on broad niche small mammalk as®. pumilio precedes the
summer peak for canine babesiosis that is transtnity adult stages to dogs in the CFR.
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Chapter 3

The effect of anthropogenic habitat transformationon the
ectoparasite abundance, prevalence, species richsemnd species
composition of Rhabdomys pumilio in the CFR

3.1 Abstract

Habitat fragmentation due to human activities ik @b the increase and has caused large losses
of biodiversity in the world today. Although thefeft of fragmentation has been studied for
various small mammal species, very little is knatout the effect on host-parasite systems as a
whole. The aim was firstly, to record and compailative density, average body size and body
condition of Four-striped micd&zhabdomys pumilio, individuals and compare host ectoparasite
species abundance, prevalence and composition &etwestine natural areas and remnant
fragments. Lastly, the aim was to compare body sieasurements of the two most abundant
flea species for the two habitat typ&nabdomys pumilio, were trapped with Sherman-like live
traps at 4 pairs of remnant vegetation fragmentsognded by agriculture activities and
continuous pristine natural areas in the Cape $tiorRegion, Western Cape Province. Rodents
were euthanized and all the parasites removed. Boegsurements were recorded for each
rodent individual. The findings show thRt pumilio individuals were in a significantly better
body condition and were larger in fragments comghat@ pristine natural vegetation. In
accordance, head and vertical length and produdiooizontal length and width of female
Listropsylla agrippinae fleas were also significantly larger in fragmeritdean abundance and
prevalence of overall ectoparasites combined, tiokises, fleas and a host specific louse was
higher on rodents in fragments compared to extensatural localities. This was significantly so
for overall combined ectoparasites and ticks, maes fleas. Parasite species composition
differed between the two habitat types althoughy anlsmall percentage of the variation was
explained by fragmentation. Several of the parastecies found in higher abundance Rin

pumilio in the fragments are vectors of pathogens for msnamd domestic animals.

3.2 Keywords: fragmentation, ectoparasites, rodents, body sipely bcondition, parasite

abundance
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3.3 Introduction

Anthropogenic transformation of natural habitatd anbsequent habitat loss is considered to be
the most important threat to biological diversitythe world (Salat al. 2000). Transformation

of natural habitats often leads to the fragmentatibnatural vegetation with consequences for
ecosystem health and stability (Saunderal. 1991; Chapiret al. 2000). Fragmentation can
directly or indirectly affect wildlife populatiorsnd especially rodents (Bolgetral. 1997; Wolff

et al. 1997; Rodriguez and Peris 2007). Direct influeneetail the modification of habitat
characteristics that include structure, size arsdurce availability. Indirect influences include
the edge effect, decreasing of genetic diversity imereasing competition both within species
and between species (Soulé 1991). The consequsredoss in diversity because generalist
species normally out-compete specialists in transtol habitats (de la Pes&al. 2003; Krasnov

et al. 2006; Rodriguez and Peris 2007; Manor and Salt8R0Parasites have an intimate
relationship with their host and the surroundingiemment. It is thus expected that changes in
the host diversity, susceptibility and density ss@ciation with the external environment will
have knock-on effects on the parasite species egfjnabundance and species composition.
These changes can have direct consequences orpribad sof diseases within ecosystems
(Daszaket al. 2001; Keesingt al. 2006).

Parasite assemblages of terrestrial mammals, aecifisplly rodents, are influenced by host
factors (for example, body size, sex, reproducsiate, density and diversity) (Krasnetval.
1997, 1998, 2006; Matthest al. 2010) and environmental factors (for example, piéation,
vegetation cover, soil texture and structure) (Koaset al. 1998; ELGhali and Hassan 2010;
Froeschkeet al. 2010; Friggens and Beier 2010). The latter i<ijoally important for parasite
taxa that spend part of their life in the exterealvironment such as host nests and the
surrounding vegetation (Poulin 1998). On the otiard, host factors may be more important to
more permanent parasite species as they are mpendlent on the host than their habitat.
Larger hosts provide larger surface areas, moreespad other resources, which may facilitate
higher species richness and abundance of parasiteslso larger body size (Haukisalmi and
Henttonen 1994; Arneberg al. 1998; Haukisalmiet al. 1998; Arneberg 2002; Moore and
Wilson 2002; Poulin 2007; Matthestal. 2010).Body size, of several parasite taxa, seems to be
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positively correlated with host body size. Thisjecifically true for permanent parasites such as
lice (Phthiraptera) (Kim 1985; Harvey and Keyme®1p although a similar pattern was also
previously recorded for fleas (Kirk 1991). Howeviie strength of the relationship between host
and parasite body size may be influenced by thgttheof time that a parasite spends on the host
as no relationship has been found for ticks antbuarhost species (Poulin 1998). The advantage
for the parasite is that a larger body size seenfetrelated to increased fecundity and a longer
life-span (Skorpinget al. 1991; Poulin 2007). However, a larger body sizeegoa risk to
parasites due to a higher frequency of dislodgimgugh host activities such as grooming and
allo-grooming (Mooringet al. 2004; Poulin 2007; Hawlerehal. 2007).

Studies on the relationship between host body amk parasite species richness have found
contradicting results (Poulin 2007) and it seenma tho apparent relationship exist between
mammalian host body size and parasite specieseassh(Krasnowt al. 2006). However, a
positive relationship does exist between small mairirast species richness and parasite species
richness (Krasnoet al. 2004). Depauperate parasite assemblages are edpedcreas with low
small mammal host diversity (for example fragments)npared to areas where a higher
diversity of small mammal host species co-occur éiample natural areas) (Rosenzweig 1995).
In some instances it does seem that generalisintddest species harbour higher parasite
diversity that specialist species (Egoscue 1976itlMa et al. 2007). Depauperate parasite
assemblages can be masked by high incidences tdatomith domestic animals. This may

result in host switching events (McMichael 2004).

Host density is another host factor that is espigaraportant with habitat fragmentation events.
Fragments vary in terms of level of isolation amds twill determine the movement that is
possible for rodents between habitat fragmentsregeon. Prolonged and complete isolation will
result in inbreeding of the rodent population, tmsre homozygous individuals, and this will
lower the immune competence of rodents in isoldtagments and result in a higher parasite
infection probability (Froeschke and Sommer 20@%rddition, high rodent densities will result
in competition between individuals for resourced s can induce stress (Martinez-Metal.
2007). Hormonal changes associated with food apbdeictive stress can depress the immune
systems of these rodents (Anderson and May 1978hékiand Randolph 2001). The combined
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effect of high host densities and lower immune cetapce can facilitate higher parasite burdens
and increased parasite transmission in fragmentgdilations (Eleyet al. 1989; Mbora and
McPeek 2009). A recent study by Friggens and B@@10) found that flea infestation increased
with increasing disturbance levels and peakedtatnmediate disturbance levels (e.g. agricultural
areas). Remnant habitat fragments that are assdaiath farms may be a source of parasite and
disease exchange because of the interface betwiékn peridomestic- and domestic mammals
(Anderson and May 1979; Friggens and Beier 2010).

The Cape Floristic Region (CFR) in South Africa {S#\a biodiversity hotspot due to high level
of plant species richness and endemism (Cowling Hiltbn-Taylor 1994; Goldblatt and
Manning 2000). However, this region is also an ingrat and successful wine producing region
(Giliomee 2003). In addition, in recent years thbhes been increased growth in wild flower
(Giliomee 2003) and rooibos tea farms in certagaar(Hansen 2006). Surveys have indicated
that agriculture (including forestry plantations)the major contributor to the transformation and
fragmentation of natural habitats and already cower estimated 22 725 knf25.9 %) of the
CFR (Rougett al. 2003). The effect of habitat fragmentation is ewidfrom recent studies on
renosterveld shrublands (Kempatal. 1999), overall bird species diversity (Magnall &awe
2003) and reptile diversity (Mouton and Albas 202he CFR.

Agricultural fragments are normally associated witgh abundance of food, water and shelter,
which may benefit resident rodent populations tgfoumproved growth, reproduction and
thermoregulation (Krasnost al. 2006). Consequently, the availability of resourags counter
the negative effects, such as food-related streseld and reduced body condition, of
fragmentation (Friggens and Beier 2010). In addijtimdents benefit further through a lower
density of natural predators in these fragmentddd¥iand Gubler 2005). Various studies have
been done on the biology, behaviour, systematidsdastribution of rodent species in South and
southern Africa. However, few studies have resesatdhe effect of habitat transformation on
small mammal diversity and species compositiomis tegion (Lawest al. 2000; Johnsost al.
2002; Mugabe 2008; Wilsoet al. 2010). A single study done in the CFR suggedtati gmall
mammals tend to seek refuge and food within remfragiments, situated between agricultural

activities, especially when rodents are not abléetl on crops and pastures (Mugabe 2008).

73



The study also recorded that generalist rodentsir(Bmiped mouseRhabdomys pumilio, and
African pygmy mouseMus minutoides) were able to better adapt to these transformédaia
than more specialist species such as the Vlei@#bnfys irroratus), Musk shrew Klysorex
verreauxii) and the Cape gerbiGerbilliscus afra) (Mugabe 2008). In addition, it appears that

transformed habitats have no negative effect ory lsoddition and body mass of rodents.

Globally very few if any studies have researche@ #ffect of anthropogenic habitat
fragmentation on ectoparasite burdens. Howeveriegudone on haemoparasites (\V&zal.
2007; Cottontailet al. 2009) and gastrointestinal parasites (Putiteal. 2008; Mbora and
McPeek 2009; Wrightt al. 2009) recorded resulting effects on these burdéngcent study
looked at the impact of anthropogenic habitat fiamnsation on flea-borne disease. It was found
that anthropogenic transformation has the potetdiahcrease the risk of disease through the
alteration of flea-host infection patterns (Friggeand Beier 2010). In most instances it seems
generalist ectoparasite species abundance andigmegancrease as a result of fragmentation,
but the peak in abundance and/or prevalence imatily determined by local environmental
factors.

At present there is no information available on #fiect of habitat fragmentation on parasite
diversity, abundance or species assemblages ektaal animals in SARhabdomys pumilio is

an endemic generalist rodent species that sucdlgsafiapts to transformed habitats. Using this
rodent as model the study aims to address thentuaek of information in the Western Cape
Province (WCP) and SA.
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The following predictions are made based on theeoaititerature:

1. Rodent body size (total length, body length andl lemgth) will be larger and body
condition better in habitat fragments comparedxteresive natural localities.

2. Flea body size will be larger in fragments compdoeelxtensive natural localities.

3. Mean abundance and prevalence for the ectoparasitedined and the individual
ectoparasite taxa will be higher Bnpumilio trapped in fragments compared to extensive

natural localities.

The aims of the study are therefore set out to:

1. Record the relative density, average body sizelkmuy condition ofR. pumilio and to
compare this between extensive pristine naturahblitbes and remnant fragments
surrounded by agricultural activities.

2. Record the body size (head length, vertical lengthrjzontal length and product of
vertical- and horizontal length) of the most abumidilea species oR. pumilio and to
compare the mean and maximum body size of theiohaiV flea species between natural
and fragmented localities.

3. Compare the ectoparasite species abundance, pregad@d composition dr. pumilio

populations that occur in natural and fragmentedlites.
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3.4 Materials and methods

Sudy areas

The study was conducted in the CFR of the WCP @abl Figure 12). This region has a
Mediterranean-type climate, characterized by warynsdmmers and cold wet winters (Midgley
et al. 2003). Sampling oR. pumilio included paired trapping at 4 large and continyanistine
natural areas and 4 habitat fragments within airmaftragricultural activities (vineyards or crop
fields). Two continuous natural areas and 2 fragmémat formed part of the previous study by
Mattheeet al. (2007) were resampled. Localities were all be#f#0 m above sea level and less
than 200 km apart. Vegetation type mainly consisieébwland fynbos/renosterveld. Habitat
fragments consisted of relatively small remnantléma fynbos/renosterveld vegetation (Table 4;
Figure 12). Locality sizes were estimated in Godegeth Pro 5.2.1 by drawing a polygon over
the area. The aim was to use proclaimed NatureriResas “control” groups to test the effect of
fragmentation. However, this was not possible incases mainly due to preceding fires in
Stellenbosch, Paarl and Somerset West areas. Asu#t two smaller, but still relatively large

areas with pristine natural vegetation were inctlide part of the control groups (Table 4).
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Q Voelvleidam

'Q‘Mmderbosch
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Q Elandskloof

Eye alt: 169 84 km
Figure 12 Map showing all 8 localities sampled in the Ca&jeristic Region, Western Cape
Province, South Africa, 2009. Map drawn in Googlartk Pro 5.2.1. Refer to Table 4 for

estimated size of fragments and Nature Reserves.
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Host species

Rhabdomys pumilio is an endemic rodent species (Muridae) that iforedly wide spread and
locally abundant. It feeds on large quantities i@feg vegetation, but seeds are the primary food
source. In addition, it is able to occupy a vasigeaof habitats (generalist) and is known to be
able to successfully adapt to anthropogenic (uidoaoh agricultural) environments. In a recent
study done in the CFR only 2 speci&dbdomys pumilio andMus minutoides) were captured

in transformed habitats whereas 6 species wereuregptin natural areas (Mugabe 2008).
Rhabdomys pumilio was also present in high abundance at 9 localitiéise CFR (Mattheet al.
(2007) and along a rain fall gradient study frora IWCP (Cape Town) to the northern part of
Namibia (Caprivi). It is evident from previous stesl thatR. pumilio provides the ideal study
species for assessing the ability of a generadidemt to endure habitat disturbances (Schradin
and Pillay 2005b; Mugabe 2008).

In generalR. pumilio breeds in spring, summer and autumn (Septemb&prit) in the CFR and

there is a clear seasonal cycle. During the noaeing winter months the population numbers
decrease (David and Jarvis 1985; Krug 2002; Schradd Pillay 2005a). The study by Mugabe
(2008) partly confirmed the fact th& pumilio breeds in the summer months, although the
author suggested that breeding took place yeardrgutransformed habitats. The latter provides

evidence thaR. pumilio is able to take advantage of disturbed habitats.

Rhabdomys pumilio is socially plastic with social systems rangingnfr solitary territorial, in
moist grasslands, to a communal social system ansticculent Karoo and desert (Nel 1975;
Krug 2002; Schradin and Pillay 2005a and b). Te dab studies have been done on the level of
sociality in the CFR or WCP, but from personal alsagon it seems that these rodents use a
more communal social system. This is further sujgobby the fact that the vegetation in the
CFR is more similar to the vegetation of the suecuKaroo compared to grassland of KwaZulu
Natal (Mucina and Rutherford 2006).
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Rodent trapping

Rhabdomys pumilio individuals were trapped using Sherman-like lnagp$ that were baited with
a mixture of peanut butter and oats. The numbdrapis used per locality ranged from 100 to
200. Rodent trapping followed a single design wh22eto 30R. pumilio individuals were
trapped over various trap nights at each of theddlities during austral spring and summer
(October to December 2009) (Table 4). Although asvinitially the aim to catch 30 individuals
at each site with each trapping period, this watspussible due to low rodent abundance at
certain localities. OnlyR. pumilio individuals were removed and all other rodents vieeatified
and released at the specific site. The traps weeeked twice daily. In an attempt to limit trap
related deaths as a result of environmental expothe traps were closed in the day during

summer.

Rhabdomys pumilio individuals were euthanized with 2-4 ml Sodium tebarbitone (200
mg/kg) depending on individual weights. Each mowas placed in a separate premarked plastic
bag with a reference number. The rodents were firate20°C and examined a few weeks later.
The body weight (gram) and measurements (millimeifehe hind foot, tail and total length of
each rodent were recorded following parasite refingsee methods below). Trapping and
handling of rodents were approved by the Ethicah@ittee of Stellenbosch University and the
Western Cape Nature Conservation Board (Ethics26066B01007; Cape Nature permit nr:
AAA004-00221-0035).

Table 4 Locality information, number dRhabdomys pumilio examined and sex ratio at each of

the localities (n = 8) in the Cape Floristic Regi@vestern Cape Province during 2009.

Locality GPS Size (km®) No. of sitec Sample siz  Sex ratio (m:f) Date samplet

Natural areas

Jonkershoek 33.98798 S, 18.95541 E 18.04 4 30 2:1 27-Oct

Elandskloo 34.08151 S, 18.55112 5.8¢ 3 3C 1.31:1 17-Nov

Wolwedans 33.55021 S, 18.46303 E 3.45 2 22 1:1 -D&s

Voélvleidam 34.67125 S, 19.87806 E 8.13 3 30 11.5: 06-Oct
Remnant fragments

Zevenwact 33.91749 S, 18.73224 1.1C 3 2¢ 2.22:] 03-Nov

Vergelege 34.03580 S, 18.5420¢ 0.21 4 23 1.3:1 29-Seg

Mulderbosch 33.53374 S, 18.48514 E 0.14 6 28 11 10-Nov

Waterval Farr 32.59151 S, 19.01287 0.1C 3 2€ 1:1 06-Oct
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Trapping density estimate

To obtain an estimate of rodent density at eaclalitycthe relative trap density (Rd) was

calculated for each locality using two steps:

Step 1 Calculate the product of the number of trapsaf®)l trap nights* (n), divided by 100 to
get a fraction of traps per hour (Th) in the field.

_ ledim)

100

*One trap night equals 12 hours.

Step 2 Total number of mice trapped (m) at each locdlityided by the fraction of traps per
hour (Th) in the field form step 1.

Rd =m/Th
The answer to this equation then resulted in amast of the number of mice at each locality
per trapping hour in the field.

Parasite removal and identification

The frozen rodents were removed from the freezenight before the animals were examined in
the laboratory. The animals were taken out of tleenarked plastic bag after which the bag was
first systematically examined under a stereoscopaoscope. After this, the entire animal was
systematically examined under the stereoscopicaseape and all the fleas, lice, mites and ticks
placed separately into specimen tubes filled with%d ethanol and labelled with the relevant
reference number. Ticks and mites were sent toretgpeonomists for identification (lvan Horak
and Eddie Ueckermann), while fleas and lice werpt Ker self identification. Fleas were
mounted by the technique described in Segerman5§129ce were mounted in a polyvinyl
alcohol solution (PVA). Lice were placed in the i of a microscope slide and were firstly

cleared with a drop of 85 % lactic acid over a #atill transparent. The specimen was then
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orientated dorso-ventrally in a drop of PVA and toeer slip was then slowly lowered onto the
specimen. ldentification of fleas and lice was daesmg a Leica compound microscope and the
morphological key of Segerman (1995) and LedgeB@l%nd Johnson (1960), respectively.

Following all the above, the rest of the carcass frazen for future reference.

Body condition index calculation

The body condition index was calculated as a r@sdittom the regression of the body mass on
the body size (total length) & pumilio individuals (Diaz and Alonso 2003; Schulte-Hostedde
et al. 2004; Pittkeet al. 2008). Pregnant females and individuals with eils twere removed
from the regression because of their different bpdyportions and resulting body condition
index.

Preparation and measuring of fleas

Fleas were mounted by the technique described gerSan (1995). Care was taken not to put
pressure on the cover glass with the mounting effldas. A cover glass with a diameter of 10
mm and Labstar 1000 microscope slides, frosted gritlund edges, were used. Three different
measurements (total horizontal length, total vattiength of the whole body and total head
length) were recorded for the two most abundaat $igecies oR. pumilio, namelyListropsylla
agrippinae and Chiastopsylla ross (Figure 13). Measurement parameters were detedmine
through a study trial and discussion with expeartthe field. Product of length was calculated by
the product of horizontal and vertical length. Measnents ofL. agrippinae were done on a
Leica stereoscopic microscoped for.C. ross it was done on a Leica compound microscope.
The reason for this is the fact that agrippinae were too large to measure with the Leica
compound microscope. Both the microscopes had emmeounted on them and Leica software
V 3.1.0 was used on a computer to measure indivitees. All male and femal€. rossi andL.

agrippinae fleas recovered in the study were measured.
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Figure 13 lllustration of the flea body measurements (headth, horizontal length and vertical
length) taken ofChiastopsylla rossi and Listropsylla agrippinae. Image drawn by Pienette
Loubser, 2010.

Data analysis

Descriptive statistics, which included mean abuedariotal counts, standard errors, standard
deviations, rank-abundances and total abundancexe walculated in Microsoft Excel 2007.
Poisson and normal log transformed Generalized drifdodels (GLZ) was performed on
parasite abundance and rodent body measurementedatctively, in Statistica 9. Models were
corrected for over-dispersion by Pearsons®@hatistics. Type 3 LR tests were performed to
calculate the Wald statistics and the predictednsiegere plotted. Significance of explanatory
variables of a statistical model was tested byWadd statistical test (Quinn and Keough 2002).
The larger the value of the Wald statistic (> Qg tnore significant the effect that the predictor
(explanatory variable) has on the model. Percentlygances explained by the model were
calculated by dividing the deviance statistic of tihhodel by the deviance statistic of the null
model. The null model was calculated by runningl& ®vithout the effect of habitat type and
rodent host body size. Percentage deviance explamnealculated to explain the deviance and
significance of the model by contrasting it witke thull model (Quinn and Keough 2002). Mean

measurements of male and female fleas, respectorelthe saméR. pumilio individual, were
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calculated in Microsoft Excel 2007 to prevent pseeglication. Factorial analyses of variances
(ANOVA's) were performed on normally distributededi body measurement data using
Statistica 9.

A binomial GLZ was performed in R 2.9.1 to look tte relationship between parasite
abundance and prevalence, while compensating #retfect of rodent body size, parasite
species and habitat type (natural/fragment). A tiab log link GLZ model was ran with

parasite abundance, parasite species, habitatlogadity and the average total length of mice at

each site as the variables. The model was:

GLZ (binomial, log link) y = parasite abundance argsite species + habitat type + locality +

average total length of mice at each locality.

A significant (p < 0.01) positive relationship wasind between ectoparasite abundance and
prevalence for all localities. All individual ectagasite species also showed positive
relationships between abundance and prevalenbeuglh some were not significant. The model
explained 71.97 % of the deviance, but when paagiéecies identity and habitat type was taken
out the model only explained 36.61 %. The sameiogiship between prevalence and abundance
was found by Matthee and Krasnov (2009) and thuiiritber analysis was done on prevalence.
The effect of fragmentation on parasite speciespomition was determined using non-metric

dimensional scaling and analysis of similarity (ASIM) using the program R 2.9.1.
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3.5 Results

Relative density

A total of 218 mice were trapped of which 125 werales and 93 females. Most of the mice
(94.95 %) were reproductively active. At severatdlities more maldR. pumilio individuals
were trapped compared to female individuals (TatleRelative density oR. pumilio was
higher in the remnant fragments for 2 of the 4gxhiocalities (Table 5). Highest relative density
was found at the Mulderbosch fragment (6.22) amdIthvest at Jonkershoek Nature Reserve
(0.83) (Table 5). There was no clear pattern imgeof parasite species richness (Table 5)
although the highest species richness was recat2dvenwacht fragment (16) and the lowest
at Voélvleidam Nature reserve (11).

Table 5: Relative density and the total number of ectopsasspecies found oRhabdomys
pumilio sampled at 8 localities in the Cape Floristic RagiSouth Africa, October to December
2009.

Locality # Trap nights # Traps # Mice Relative denisy # Ectoparasite species
Natural areas
Jonkershoek 19 190 30 0.83 14
Elandskloof 13 150 30 154 14
Wolwedans 5 200 22 2.20 15
Voelvleidam 9 100 30 3.33 11
Remnant fragments
Zevenwacht 4 129 29 5.62 16
Vergelegen 18 148 23 0.86 14
Mulderbosch 3 150 28 6.22 14
Waterval Farm 8 100 26 3.25 13

Rodent body measur ements

Rhabdomys pumilio individuals were larger in the fragments compaethe natural localities.
Mean total length, observed body mass and the leddch body condition index were all
significantly higher (p < 0.05) foR. pumilio individuals in the fragments compared to the
natural localities (Figure 14; Table 6; Appendixgufe 7 and 8). The GLZ model explained
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94.70 % of the deviance and the significance ofetifiect of habitat type (explanatory variable)
was supported by the Wald statistic (10.38) (T&ble
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Figure 14: Mean predicted total length &habdomys pumilio (n = 218) trapped in fragments

and natural localities in the Cape Floristic RegiSouth Africa, 2009. (GLZ model (normal): y

= habitat type).

Table 6: Breakdown of the GLZ model and analysis for medal tength ofRhabdomys pumilio

in fragment and natural localities in the Cape iBtar Region, South Africa, 2009.

Model % Deviance explained
Model (normal): y = habitat type 94.70
All effects
Effect Degrees of freedom| Wald statistic| p-value
Intercept 1 208190.53 o*
Habitat typt 1 10.3¢ 0.001°
Parameter estimate
Effect Level of effect Estimate Standard error Waldstatistic | p-value
Intercep 3.0z 0.01 208190.5: 0*
Habitat type natural -0.02 0.01 10.38 0.001*
Scale 1.8¢€ 0.1c 37z 0

*indicates significant differences (p < 0.05)
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Flea measurements

The two most abundant fleas Bnpumilio wereC. rossi (n = 109) and.. agrippinae (n = 114).
Head length of mald,. agrippinae fleas was significantly longer (p < 0.05) on micapped in
fragments compared to natural localities (Figura)1Males of the second most abundant flea,
C. rossi, did not show any significant difference (p > Oib)head size between the two habitat

types (Figure 15b). All other body measurementsewern-significant for males of both flea

Species.
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Figure 15: Mean head length of male (&)stropsylla agrippinae and (b)Chiastopsylla ross
fleas recovered frorRhabdomys pumilio (n = 218) in the Cape Floristic Region, South édi
2009.

Head length of femalke. agrippinae fleas were also significantly longer (p < 0.05)Rirpumilio
trapped in fragments compared to natural localifieggure 16a). In addition, female.
agrippinae recorded significantly longer mean total vertiadgth (p < 0.05) and larger product
of horizontal- and vertical length (p < 0.05) iadments compared to natural localities (Figures
17a and 18a). In contrast, fem&eross fleas showed no significant (p > 0.05) difference i
head length (Figure 16b) and no significant diffiees in vertical length or product of length
(Figures 17b and 18b).
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Figure 16: Mean head length of female (ajstropsylla agrippinae and (b)Chiastopsylla rossi

fleas recovered frorRhabdomys pumilio (n = 218) in the Cape Floristic Region, South édri

2009.
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Figure 18: Mean product of horizontal- and vertical lengtierhale (a)Listropsylla agrippinae
and (b) Chiastopsylla ross fleas recovered fronRhabdomys pumilio (n = 218) in the Cape
Floristic Region, South Africa, 2009.

Ectoparasite abundance and prevalence

Ectoparasite species recorded Rnpumilio consisted of 11 tick, 8 mite, 6 flea and 1 louse
species. All of these species were found in bothitaatypes, except for a new mite species
(Laelaps sp 1) and a new tick specidgddes sp) that were only found in the natural localities

One specimen of the fleaenopsylla demeilloni, was recorded at one of the fragments
(Zevenwacht). The total ectoparasite abundancdrégments was 3487 of which the louse
represented 39.55 %, followed by ticks (35.36 %itesn(16.86 %) and fleas (8.23 %). Ticks

were the most prevalent and occurred on 90.57 #eimice in fragments, followed by mites

(84.91 %), fleas (70.75 %) and the louse (70.75Paple 7). Total ectoparasite abundance for
natural localities was 4410 of which ticks repreedm7.07 %, followed by the louse (24.94 %),
mites (19.82 %) and fleas (8.16 %). Ticks were dls® most prevalent in natural localities

(77.68 %), followed by mites (72.32 %), the lou68.07 %) and fleas (57.14 %) (Table 7).
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Table 7: Mean abundance and prevalence of ectoparasiteatakandividual speciesecovered
from Rhabdomys pumilo (n = 218) in fragments and natural localities e tCape Floristic
Region, South Africa, 2009.

Mean abundance (+SE) Prevalence (%)
Ectoparasite specie Natural Fragment Natural Fragment
Fleas 1.61 (+0.20) 2.71 (x0.31) 57.14 70.75
Chiastopsylla ross 0.63 (+0.11 0.94(x0.16) 33.04 43.4(
Dinopsyllus ellobius 0.12 (£0.04) 0.19 (£0.08) 9.82 10.38
Dinopsyllus tenax 0.03 (£0.02 0.38 (£0.10 2.6¢ 20.7¢
Hysopthal mus temporis 0.17 (£0.05) 0.46 (£0.04) 11.61 7.55
Listropsylla agrippinae 0.66 (£0.11 1.08 +0.18 33.0¢ 40.5%
Xenopsylla demeilloni 0 0.009 (+0.009) 0 0.94
Louse 9.82 (+2.08) 13.01 (+2.70) 66.07 70.75
Polyplax arvicanthis 9.82 (+2.08) 13.01 (2.70) 66.07 70.75
Mites 3.83 (+0.54 5.55 (+0.57 72.32 84.91
Androlaelaps fahrenhol zi 1.57 (20.20) 2.58 (+0.28) 52.68 68.87
Androlaelaps dasymys 0.26 (+0.06) 0.35 (+0.09) 16.96 20.75
Androlaelaps rhabdomysi 0.04 (£0.03) 0.07 (£0.04) 1.79 2.83
Laclapssp 1 0.10 (+0.07) 0 3.57 0
Laelaps sp2 0.13 (+0.05) 0.04 (+0.02) 8.04 2.83
Laelaps sp3 0.07 (+0.04) 0.24 (+0.07) 3.57 14.15
Laelaps giganteus 1.66 (£0.42 2.11 (£0.40 27.6¢ 46.2%
Trombiculidae sp. 64.15 61.95
Ticks 18.54 (+4.18 12 (+1.87 77.6¢ 90.5%
Haemaphysalis aciculifer 0.23 (£0.08) 0.25 (£0.09) 8.93 9.43
Haemaphysalis dlliptica 1.34 (x0.46 2 (+0.80 25.8¢ 42.4F
Ixodes fynbosensis 2.97 (x0.74) 0.64 (+0.17) 34.82 26.42
Ixodes alluaudi 0.027 (+0.01& 0.05 (+0.02 2.6¢€ 4.72
Ixodes bakeri 1.67 (x0.35) 2.71 (x0.26) 42.86 37.74)
Ixodes sp 0.018 (+0.013) 0 1.79 0
Rhipicephalus gertrudae group* 12.27 (+3.89) 6.53 (£1.48) 53.57| 66.04
Rhipicephal us lounsburyi 0.009 (+0.009) 1.65 (+0.16) 0.89 16.04

*Consists of immature stages of 5 different spewikih could not be distinguished, namBlygertrudae, R. fallis,
R. capensis, R simus andR. lounsburyi

Mean predicted abundance for the combined ectapataga were not significantly different on
the mice trapped in the fragments compared to #teral localities. (Figure 19; Table 8). The
model explained 87.36 % of the deviance, but tlymicance of the effect of habitat type
(explanatory variable) was not supported by thed/gédtistic (Table 8).
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Figure 19: Mean predicted ectoparasite abundance Rmabdomys pumilio (n = 218) in

fragments and natural localities in the Cape HigriRegion, South Africa, 2009. (GLZ model
(poisson, log link): y = habitat type + pair + sexotal length).

Table 8: Breakdown of the GLZ model and analysis for meatogarasite abundance on
Rhabdomys pumilio in fragments and natural localities in the Caperiblic Region, South
Africa, 2009.

% Deviance
Model Model p-value explained Dispersion corrected

Model(poisson, log link): y =
habitat type + pair + sex code +

total lengtt 0* 87.3¢ Yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 1.00 0.32
Habitat typ: 1 0.0C 0.9¢
Pair 3 5.99 0.11
Sex code 1 3.34 0.07
Total length 1 6.07 0.01*
Parameter estimate
Standard Wald

Effect Level of effect Estimate error statistic p-value
Intercept 1.07 1.07 1 0.32
Habitat typ: natura 0 0.1c 0 0.9¢
Pair Somerset West 0.37 0.15 5.94 0.02*
Pair Stellenbosch 1 -0.09 0.17 0.30 0.58
Pair Porterville -0.16 0.18 0.78 0.38
Sex cod 0 0.2C 0.11 3.34 0.07
Total length 0.12 0.05 6.07 0.014%
Scale 8.60 0

* indicates significant differences (p < 0.05)
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However when the data was re-analyzed without #ta fom two locality pairs (Elandskloof,
Vergelegen, Mulderbosch and Wolwedans) mean pestlicgtctoparasite abundance was
significantly higher (p < 0.05) on mice in fragm&mompared to natural localities (Figure 20;
Table 9). In addition, the model explained 81.8%0f4he deviance and the significance (p <
0.05) of the effect of habitat type (explanatoryiafale) was supported by the Wald statistic
(4.59) (Table 9).
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Figure 20: Mean predicted ectoparasite abundance Rmabdomys pumilio (n = 115) in

fragments and natural localities in the Cape HiariRegion, South Africa, 2009. Localities
excluded: Elandskloof, Vergelegen, Mulderbosch &alwedans. (GLZ model (poisson, log
link): y = habitat type + pair + sex + total length
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Table 9: Breakdown of the GLZ model and analysis for meatogarasite abundance on
Rhabdomys pumilio in fragments and natural localities in the Caperiblic Region, South
Africa, 2009. Localities excluded: Elandskloof, Yelegen, Mulderbosch and Wolwedans.

% Deviance
Model Model p-value explained Dispersion corrected
Model(poisson, log link): y =
habitat type + pair + sex code +

total length 0* 81.85 Yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 1.68 0.20
Habitat type 1 4.59 0.03*
Pair 1 0.02 0.87
Sex cod 1 6.5€ 0.01*
Total length 1 2.14 0.14
Parameter estimate
Standard Wald p-

Effect Level of effect Estimate error statistic value
Intercept 1.60 1.23 1.68 0.19
Habitat type natural -0.27 0.13 4.59 0.03*
Pair Stellenbosch 1 -0.02 0.12 0.02 0.87
Sex cod 0 0.4z 0.1€ 6.5€ 0.01*
Total length 0.09 0.06 2.14 0.14
Scale 7.59 0

*indicates significant differences (p < 0.05)

Fleas

Mean abundance of the flea taxon was significahiggher (p < 0.05) in fragments (2.71 (£
0.31)) compared to natural localities (1.61 (x Q)20 able 7; Appendix: Figure 9, Table 1).
Fleas in general were also more prevalent in frage€/0.75 %) than natural localities (57.14
%) (Table 7). The two most abundant flea spetieagrippinae andC. rossi were both more
abundant in the fragments, but orlyagrippinae was significantly so (p < 0.05) (Figure 21;
Table 10; Appendix: Figure 10; Table 2). The maslgdlained 78.12 % of the deviance in mean
abundance ofL.agrippinae and the significance (p < 0.05) of the effect @bitat type
(explanatory variable) was supported by the Waltistc (4.59) (Table 10).
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Figure 21: Mean predicted abundance of the fleatropsylla agrippinae, found onRhabdomys

pumilio (n = 218) in fragments and natural localitieshe Cape Floristic Region, South Africa,
2009. (GLZ model (poisson, log link): y = habitgpé + pair + sex + total length).

Table 10: Breakdown of the GLZ model and analysis of meamndance for the flea,
Listropsylla agrippinae, found onRhabdomys pumilio in fragments and natural localities in the
Cape Floristic Region, South Africa, 2009.

% Deviance
Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code +
total lengtt 0* 78.12 yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 1.18 0.28
Habitat type 1 4.97 0.03*
Pail 3 14.0¢ 0.003*
Sex cod 1 16.67 0*
Total length 1 0.34 0.56
Parameter estimats
Standard Wald p-
Effect Level of effect Estimate error statistic value
Intercep -1.34 1.24 1.1¢ 0.2¢
Habitat type natural -0.26 0.12 4.97 0.03*
Pair Somerset West 0.42 0.19 5.10 0.02*
Paii Stellenbosc 1 -1.0¢ 0.2¢ 13.31 0*
Pail Porterville 0.3¢ 0.1¢ 4.14 0.04*
Sex code 0 0.67 0.16 16.67 0*
Total length 0.03 0.06 0.34 0.56
Scale 1.4¢€ 0

*indicates significant differences (p < 0.05)
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The louse

Only a single louse specidplyplax arvicanthis, were recovered in both habitat types (Table 7).
Louse prevalence were higher in the fragments §/@yY) compared to natural localities (66.07
%) (Table 7). Similarly, the mean abundance forltuse were higher, although not significant
(p > 0.05) in fragments 13.01 (+ 2.70) comparedatural localities 9.82 (+ 2.08) (Table 7). The
same trend was evident from mean predicted lousedamce (Figure 22). The model explained
92.64 % of the deviance and the non significance> (p.05) of the effect of habitat type
(explanatory variable) was supported by the Waltistc (0.49) (Table 11).

20

18

16

14

12

10

Abundance (mean + SE)

Natural Fragment

Habitat type

Figure 22: Mean predicted abundance Rdlyplax arvicanthis on Rhabdomys pumilio (n = 218)
in fragments and natural localities in the Capeifiic Region, South Africa, 2009. (GLZ model
(poisson, log link): y = habitat type + pair + sexotal length).
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Table 11: Breakdown of the GLZ model and analysis for mBatyplax arvicanthis abundance
on Rhabdomys pumilio in fragments and natural localities in the Caperibtic Region, South
Africa, 2009.

% Deviance
Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code +
total lengtt 0* 92.6¢ yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercep 1 0.4z 0.52
Habitat typ: 1 0.4¢ 0.49
Pair 3 2.24 0.52
Sex code 1 3.71 0.05
Total lengtt 1 0.6¢ 0.41
Parameter estimatt
Standard Wald p-

Effect Level of effec Estimate error statistic value
Intercept 1.03 1.59 0.42 0.52
Habitat type natural -0.11 0.15 0.49 0.4
Pair Somerset West -0.30 0.30 1.03 0.3
Pail Stellenbosch 0.04 0.2t 0.0z 0.8¢
Pair Porterville 0.33 0.24 1.86 0.17
Sex code 0 0.36 0.19 3.71 0.0%
Total lengtt 0.0¢ 0.0¢ 0.6¢ 0.41
Scale 7.2¢ 0

*indicates significant differences (p < 0.05)
Mites

Mean overall mite abundance on mice was signiflganigher (p < 0.01) in fragments than
natural localities (Appendix: Figure 11, Table B)ean abundance in fragments were 3.83 (£
0.54) and 5.55 (£ 0.57) in natural localities (TealB). Mites in general were also more prevalent
in fragments (84.91 %) than natural localities 822%) (Table 7). The two most abundant mite
species in the two habitat types weselaps giganteus and Androlaelaps fahrenholz (Table 7).
Both these species were significantly (p < 0.05yenabundant in the fragments than in the
natural localities (Table 7; Figure 23; Table 1Zyp&ndix: Figure 12; Table 4). The model of
mean predicted abundance bf giganteus explained 74.93 % of the deviance and the
significance (p < 0.01) of the effect of habitgpey(explanatory variable) was supported by the
Wald statistic (7.26) (Table 12).
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Figure 23: Mean predicted abundance of the mitegaps giganteus, found onRhabdomys

pumilio (n = 218) in fragments and natural localitieshe Cape Floristic Region, South Africa,
2009. (GLZ model (poisson, log link): y = habitgpé + pair + sex + total length).

Table 12: Breakdown of the GLZ model and analysis for mead aps giganteus abundance on
Rhabdomys pumilio in fragments and natural localities in the Caperistic Region, South
Africa, 2009.

% Deviance
Model Model p-value explained Dispersion corrected
Model(poisson, log link): y =
habitat type + pair + sex code +

total length 0* 74.93 yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 6.41 0.01*
Habitat type 1 7.26 0.01*
Pair 3 22.83 0*
Sex code 1 4.68 0.03*
Total length 1 6.58 0.01*
Parameter estimate
Standard Wald p-
Effect Level of effect Estimate error statistic value
Intercept -3.44 1.36 6.41 0.01
Habitat type natural -0.39 0.15 7.26 0.01*
Pair Somerset West 0.35 0.25 1.92 0.17
Pair Stellenbosch 1 -0.51 0.30 2.86 0.09
Pair Porterville 1.01 0.22 21.21 o*
Sex code 0 0.35 0.16 4.68 0.03*
Total length 0.16 0.06 6.58 0.01¢
Scale 2.3: 0

*indicates significant differences (p < 0.05)
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Ticks

In contract to fleas, the louse and mites the nadmmdance for the combined tick taxon was
significantly higher (p < 0.01) in natural area8.84 + 4.18) than fragments (12 + 1.87) (Figure
24a; Table 13). However, ticks were more prevabentice in fragments (90.57 %) than in
natural localities (77.68 %) (Table 7). When thedelonvas re-run but excluding Elandskloof,
Vergelegen, Mulderbosch and Wolwedans the mearabviek abundance were significantly (p
< 0.01) higher in fragments than natural locali{iegure 24b; Table 14). The model for all sites
(Table 13) explained 72.62 % of the deviance wisetiea model without Elandskloof,
Vergelegen, Mulderbosch and Wolwedans only expthbte44 % (Table 14). The Wald
statistic supported the significant effect of habiype for both models (Table 13 and 14).
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Figure 24: Mean predicted abundance of (a) ticks overall Itadhlities), and (b) ticks overall

(without Elandskloof, Vergelegen, Mulderbosch andiWédans), found oRhabdomys pumilio
in fragments and natural localities in the Capeifilc Region, South Africa, 2009. (GLZ model
(poisson, log link): y = habitat type + pair + sexotal length).
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Table 13: Breakdown of the GLZ model and analysis for meaeral tick abundance on
Rhabdomys pumilio in fragments and natural localities in the CaperiBlic Region, South
Africa, 2009.

% Deviance
Model Model p-value explained Dispersion corrected
Model(poisson, log link): y =

habitat type + pair + sex code

total length 0* 72.61 yes

All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 0.54 0.46
Habitat typ: 1 8.27 0.004’
Pair 3 14.61 0.002*
Sex cod 1 0.1¢ 0.6¢
Total lengtt 1 5.84 0.02*
Parameter estimate
Standard Wald p-

Effect Level of effect Estimate error statistic value
Intercep -1.1% 1.57 0.54 0.4¢
Habitat type natural 0.41 0.14 8.27 0.004*
Pair Somerset West 0.74 0.22 11.14 0.001*
Pair Stellenbosch 1 -0.01 0.26 0 0.98
Paii Porterville -1.2¢ 0.41 9.0¢ 0.003’
Sex code 0 0.06 0.15 0.18 0.68
Total length 0.18 0.07 5.84 0.027
Scale 7.5¢5 0

*indicates significant differences (p < 0.05)
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Table 14: Breakdown of the GLZ model and analysis for meaeral tick abundance on
Rhabdomys pumilio in fragments and natural localities in the Caperiblic Region, South

Africa, 2009 without Elandskloof, Vergelegen, Muldesch and Wolwedans.

% Deviance
Model Model p-value explained Dispersion corrected

Model(poisson, log link): y =
habitat type + pair + sex code +

total length 0* 55.44 yes
All effects
Effect Degrees of freedom| Wald statistic p-value
Intercept 1 0.09 0.76
Habitat ype 1 19.8: o*
Pair 1 9.30 0.002*
Sex cod 1 9.2t 0.002*
Total length 1 1.57 0.21
Parameter estimats

Standard Wald
Effect Level of effec Estimate error statistic p-value
Intercept -0.45 1.51 0.09 0.76
Habitat typ: natura -0.7¢ 0.17 19.8¢ 0*
Pair Stellenbosch 1 0.48 0.16 9.30 0.002*
Sex cod 0 0.64 0.21 9.2t 0.002*
Total length 0.09 0.07 1.57 0.21
Scale 3.9t 0

*indicates significant differences (p < 0.05)

Rhipicephalus gertrudae group andH. eliptica were the most abundant tick species on the mice
in the study. When looking at fragments and natlgedlities separately it was found tHat
gertrudae group was the most abundant tick species in babitdt types (Table 7).
Rhipicephalus gertrudae group were significantly (p < 0.01) more abundarthe natural (12.27

*+ 3.89) localities than the fragments (6.53 + 1.48pgure 25a; Table 7, 15). In contrast, the
prevalence oR. gertrudae group was more in the fragments (66.04 %) thahemnatural (53.57
%) localities (Table 7). When the model was re-mithout the data for Elandskloof,
Vergelegen, Mulderbosch and Wolwedans, the meamdance ofR gertrudae group were
significantly (p < 0.01) more abundant in fragmetitan natural localities (Figure 25b). The
model for all eight localities (Table 15) explainéd.93 % of the deviance whereas the model
without Elandskloof, Vergelegen, Mulderbosch andiwéalans only explained 56.42 % (Table
16). The Wald statistic supported the significaiféat of habitat type for both models (Table 15
and 16).
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Figure 25: Mean predicted abundance of @)ipicephalus gertrudae group (all localities) and

(b) Rhipicephalus gertrudae group (without Elandskloof, Vergelegen, Mulderbdosand

Wolwedans) found orRhabdomys pumilio in fragments and natural localities in the Cape

Floristic Region, South Africa, 2009. (GLZ modebigson, log link): y = habitat type + pair +

sex + total length).

Table 15: Breakdown of the GLZ model and analysis for mebhandance ofRhipicephalus

gertrudae group onRhabdomys pumilio in fragments and natural localities in the Capmriftic
Region, South Africa, 2009.

% Deviance
Model Model p-value explained Dispersion corrected
Model(poisson, log link): y =
habitat type + pair + sex code +
total length 0* 78.93 yes
All effects
Effect Degrees of freedor | Wald statistic p-value
Intercept 1 1.90 0.17
Habitat typ: 1 6.82 0.01*
Pair 3 7.99 0.05*
Sex code 1 0.07 0.79
Total lengtl 1 5.82 0.02*
Parameter estimate
Standard Wald p-

Effect Level of effect Estimate error statistic value
Intercep -2.91 2.11 1.9C 0.17
Habitat type natural 0.51 0.19 6.83 0.01*
Pair Somerset West 0.62 0.31 3.91 0.05*
Pair Stellenbosch 1 0.07 0.35 0.04 0.85
Paii Porterville -1.42 0.6C 5.71 0.02*
Sex code 0 -0.05 0.19 0.07 0.79
Total length 0.24 0.10 5.82 0.027
Scale 7.87 0

*indicates significant differences (p < 0.05)
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Table 16: Breakdown of the GLZ model and analysis for mebhandance ofRhipicephalus

gertrudae group onRhabdomys pumilio in fragments and natural localities in the Capaifiic
Region, South Africa, 2009 without Elandskloof, gelegen, Mulderbosch and Wolwedans.

% Deviance
Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code H
total length 0* 56.42 yes
All effects
Effect Degrees of freedor | Wald statistic p-value
Intercept 1 0.43 0.51
Habitat type 1 1591 0*
Pail 1 7.81 0.01*
Sex code 1 6.58 0.01*
Total length 1 0.15 0.70
Parameter estimats
Standard Wald

Effect Level of effec Estimate error statistic p-value
Intercep 1.3 2.0z 0.4: 0.51
Habitat type natural -1.11 0.28 15.91 0*
Paii Stellenbosch 0.62 0.2z 7.81 0.01*
Sex cod 0 0.7: 0.2¢ 6.5¢ 0.01*
Total length -0.04 0.10 0.15 0.70
Scal 4.0C 0

*indicates significant differences (p < 0.05)

Mean abundance ®i. eliptica was higher, although not significantly so, in fraants (2+0.80)
than in natural localities (1.34 £ 0.46) (Figurea2ghd b; Table 7, 17 and 18). Prevalencel.of
elliptica in fragments was almost double that of naturalities (Table 7). When the model was
re-run without the data for Elandskloof, Vergeleg®tulderbosch and Wolwedans, the mean
abundance oH. dlliptica were still more abundant in fragments than natlaedlities but not
significant not (p > 0.05) (Figure 26b). The mott&l all eight localities (Table 17) explained
94.87 % of the deviance whereas the model withéandskloof, Vergelegen, Mulderbosch and
Wolwedans only explained 66.43 % (Table 18). Thddvgaatistic supported the non-significant
effect of habitat type for both models (Table 1d 48).
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Haemaphysalis dliptica (without Elandskloof, Vergelegen, Mulderbosch &ddlwedans) found
on Rhabdomys pumilio in fragments and natural localities in the Caperislic Region, South

Africa, 2009. (GLZ model (poisson, log link): y alhitat type + pair + sex + total length).

Table 17: Breakdown of GLZ model and analysis for métgamaphysalis elliptica abundance
on Rhabdomys pumilio in fragments and natural localities of the Caperistic Region, South
Africa, 2009.

% Deviance
Model Model p-value explained Dispersion corrected
Model(poisson, log link): y =

habitat type + pair + sex code + total

length 0* 94.87 yes

All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 0.77 0.38
Habitat type 0.68 0.41
Pair 0.59 0.90
Sex cod 1 0.5¢ 0.44
Total length 1 1.19 0.27
Parameter estimats
Wald

Effect Level of effec Estimate Standard error | statistic p-value
Intercep -2.44 2.7¢ 0.77 0.3¢
Habitat typ: natura -0.21 0.2¢ 0.6¢ 0.41
Pair Somerset West 0.22 0.40 0.30 0.5
Pair Stellenbosch 1 -0.16 0.42 0.15 0.7
Pair Porterville -0.21 0.46 0.20 0.65
Sex code 0 0.22 0.28 0.59 0.44
Total length 0.14 0.13 1.19 0.27
Scale 4.72 0

*indicates significant differences (p < 0.05)
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Table 18: Breakdown of the GLZ model and analysis for mebundance oHaemaphysalis

éliptica on Rhabdomys pumilio in fragments and natural localities in the Capaiflic Region,
South Africa, 2009 without Elandskloof, Vergelegktulderbosch and Wolwedans.

% Deviance

Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code H
total length 0* 66.43 yes
All effects
Effect Degrees of freedor | Wald statistic p-value
Intercept 1 2.35 0.13
Habitat type 1 2.87 0.09
Paii 1 0.1¢ 0.6€
Sex code 1 2.83 0.09
Total length 1 1.51 0.22
Parameter estimats
Standard Wald
Effect Level of effec Estimate error statistic p-value
Intercep 5.7 3.7¢ 2.3t 0.1:
Habitat type natural -2.24 1.32 2.87 0.0
Paii Stellenbosch -0.12 0.2¢ 0.1¢ 0.6€
Sex cod 0 0.81 0.4¢ 2.8¢ 0.0¢
Total length 0.20 0.16 151 0.22
Scal 3.7z 0

*indicates significant differences (p < 0.05)
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Ectopar asite species assemblage

Ectoparasite species assemblage differed significgm< 0.001) between fragments and natural
localities. However only a small percentage of Waeation was explained by transformation
(Global R = 0.16) (Figure 27a and b). The ordimasoiggests that the species assemblages are
more similar between fragmented localities (poritser to each other, Figure 27a), while the
level of similarity is lower between pristine natltocalities (points further apart, Figure 27a).
When looking at specific regions (Figure 27b), éhappears to be no clear separation between

localities in terms of species assemblages.

w w
= [ L - - . O
L] =]
IO .0. - n 0 .
] & LI ]
o | | o
oo n o A
S LI LTI :O. OU v w | Ja¥i lo:.ﬂ{_\ao o
- R P o ", ag e a
o - o om Ty - 00 — o o » % Lo AN ~
2 e n o oolg oMo £ oof e o a @ i » oA o, D [u]
g L u o mog o oo % = _] A A oM "ﬁ‘ o
= . I.-.‘!-_'loc‘oo - R ER & ‘EA.& ooooo§° o AD )
-
e .C,-O-IQ. ..-IO & = @ .A Q‘Aﬂl‘o A% f o
=T . [ o iy * o oo o
o m - o - wn o ‘E& CL B & O
- | -» .
o o < A~ L o
.
O o g O
= L] [m]
= 4 2g R o
= transforrned =
o o untransformed !
- T T T T T T T T T T T
1.5 1.0 -0.5 0.0 0.5 1.0 1.8 1.0 -0.5 0.0 0.5 1.0 1.5
MNMDE axis 1 MNMDS axis 1
a

Figure 27: Non-metric multidimensional scaling of ectoparasigsemblage structure found on
218) at (a) fragments (transformed) and métuocalities

Rhabdomys pumilio (n =
(untransformed) (b) three geographically differesgions sampled (square = Porterville; circle =
Stellenbosch) in the Chalpeistic Region, South Africa, 2009.

(Global R = 0.16; p < 0.001; stress = 23.96).

Somerset West; triangle
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3.6 Discussion

From the present study, it is evident that halifatsformation and subsequent fragmentation
results in higher abundances and prevalence opaasites on rodents. This pattern was most
probably brought about by a combination of hostdecsuch as higher host densities, larger host
body size and improved body condition because ailae resources in and around habitat

fragments. Further, larger body size and improvautlition of rodents in fragments enabled the

most abundant flea in the study,agrippinae to take advantage and grow larger in transformed
habitats.

Rhabdomys pumilio was the only rodent species that was recordedyim tumbers and in all of
the localities (pristine natural and remnant fragtae in the present study. This pattern is
supported by previous studies in the CFR (PretatR&3; Mattheeet al. 2007, 2010; Mugabe
2008) and a study done along a transect in the wddtern part of SA and in Namibia
(Froeschkeet al. 2010).Rhabdomys pumilio is a generalist rodent species that is able taisar
and thrive in natural and transformed habitats iamgl therefore not surprising that it is able to
out-compete more specialist species such as gé@etbilliscus sp) and elephant shrews (e.g.
Elephantulus edwardii). This pattern confirms climate change predictitorsSA taxa (Erasmus
et al. 2002) and supports other studies that have stibatnhabitat transformation leads to an
increase in generalist species and a loss in distsiéde la Pen&@t al. 2003; Krasnowt al.
2006; Rodriguez and Peris 2007; Manor and Salt8200

The type of anthropogenic activities inside andsmé fragments and the absence or low density
of natural predators, and competing animal speraedead to uncontrolled population increases
of generalist species (Dia al. 1999; Wilcox and Gubler 2005; Martinez-Maaal. 2007,
Mbora and McPeek 2009). High animal densities tesuhcreased competition for food, which
can result in increased stress levels (MartinezaModl. 2007) and reduced immunocompetence
(Anderson and May 1978). However, evident fromghesent study is the fact that the negative
effects of fragmentation can be countered if resesi(food, water and cover) are available in
and around fragments (Wilcox and Gubler 2005; Farggand Beier 2010). In the present study

higher rodent densities were recorded in two of fthe fragments, with a third showing no
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difference between fragment and the paired natocallity. Habitat fragments included in the
present study were characterized by the preseneatef, food (in most cases, a seasonal cover
crop such as wheat that grows amongst the vines)camer (remnant renosterveld vegetation
and also vegetation that was chopped and left antindber logs that lay scattered in the
fragments) (personal observation). The availabiityesources might explain larger body size
and better body condition &. pumilio individuals in fragments compared to extensiveirzt
areas. The fact th&. pumilio, a generalist, is able to take advantage of ressuprovided by
transformed habitats in the CFR supports previtudiess that generalist small mammal species
are more able to survive habitat transformatioragBruset al. 2002; de la Penét al. 2003;
Krasnovet al. 2006; Rodriguez and Peris 2007; Manor and Sali8R®\ recent study done in a
Brazilian secondary forest fragments within an @gtural matrix found that fragmentation had
no negative effect on body condition and densitytwb generalist small mammal species
(Montane grass mousé&kodon montensis and Black-footed pygmy rice raQligoryzomys
nigripes) (Pittker et al. 2008).

Animal body size tends to be positively relatedidngevity, a pattern repeatedly shown for
mammals in particular (Peters 1983). The host dnimm#éhe main resource for parasites and
larger host species would therefore be more pradlietresources for their parasites (Peters
1983; Krasno\wet al. 2006). In addition, larger hosts will provide gsites with a larger area and
abundance of resources to utilize (Moore and Wil2662; Poulin 2007). This will result in
more energy for the parasite to invest in body,sigkich in turn will result in increased
fecundity (for females) and longer life-span forttbsexes (Peters 1983; Poulin 2007). As
mentioned aboveR. pumilio trapped in the fragments were larger and in aebetbndition
compared to natural localities. This may explainger head length for male and feméle
agrippinae fleas on mice trapped in fragments. Althoughagrippinae females also showed
significantly longer vertical lengths and produgthorizontal length and width, in fragments the
resulting difference may be biased because of tissipility that female fleas may be bearing
eggs. Selection should favour high fecundity ang tlarger female body size with abundant and
high quality food resources (Poulin and Morand 3)9%ontrolled studies concur and have
shown that fleas benefit from feeding on well-fedents through shorter development time and

improved quality of offspring (Krasnaat al. 2005).
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This pattern was not recorded for the second mbsha@ant fleaC. rossi. There are several
possible reasons why no relationship was foundhisrflea. Firstly,C. ross may be less tolerant
of external environmental conditions (Segerman 1985 addition, several burrowing rodent
species such as Brants’ whistling r&alotomys brantsii) and the common Highveld gerbil
(Gerhilliscus brantsii) are listed as potential and preferred hosts ptispdy (Segerman 1995).
Based on host preference and geographical deseriptiormation it therefore seems that
ross may be a nest flea. In contrastagrippinae may be characterized as a fur flea as it seems
to be more tolerant of variable climatic conditicmsd prefer rodents that make aboveground
nests or stick nests (for exam@epumilio and the Bush karoo raD. unisulcatus) (Segerman
1995). It is therefore possible that the level o$thassociation (i.e. time spent on the body of the
host) may influence the degree to which the flepoad to host factors. Another factor may be
the fact thatC. rossi is one of the smaller flea species found on ra@mtsouthern Africa
(Segerman 1995) and was the smallest flea speai¢& pumilio in the present study (mean
female length 1.75 pum, range 1.6-1.9). Due to tmallssize it may be difficult to clearly
distinguish between the morphological parts for sne@aments. In addition, although care was
taken when fleas were removed from the pelage efrddent, and mounted, it is possible that

some individuals could have been damaged, whicHduaias the measurements.

Host-parasite size relationship has been testedity(1991) for a number of insects and their
hosts. More specific, the author also looked atrédationship of flea body size and host body
size. Surprisingly a significant positive regressigas found for 42 flea species, even though
fleas generally spend part of their life off theshdA positive relationship between parasite size
and their host size has also been found for varather parasite taxa including chewing lice
parasitizing rodents (Harvey and Keymer 1991; Mdretnal. 2000), mites parasitic on flowers
(Colwell 1986) and sucking lice parasitizing mamsn@gfim 1985). Ticks, in contrast, did not
show any body size relationship between host magsaronmental temperatures in the wild
(Poulin 1998). The latter supports the above maetiosuggestion that the strength of the
association between host and parasite body sizehmaglated to the length of time that the

parasite spend on the host.
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Evident from the study is the fact tHatpumilio is host to a large number of ectoparasite species
that can occur in high abundances and prevalenigh étto- and endoparasite diversity and
infestations have also previously been recordedhisr common rodent in the WCP and other
parts of SA (Mattheet al. 2007, 2010; Froeschlet al. 2010). This supports the patterns that
habitat generalist hosts generally harbour higlagte diversity (Egoscue 1976; Mattheteal.
2007). Several of the parasite species that aredf@mn R. pumilio are of importance in the
etiology of zoonotic diseases in humans, and playingportant role in the transmission of
diseases of domestic and wild animals (Walker 19@drval and Horak 2004; Matthest al.
2007). For example, all of the flea species founthe current study has the potential to act as
vectors ofYersinia pestis, the plague bacterium (De Meill@bal. 1961). In additiorR. pumilio

is known to carry plague antibodies in certain paftSA, especially the Eastern Cape Province
(Sheperd and Leman 1983; Shepetra@l. 1983). In addition, the ticK. dliptica can transmit
Babesia canisrossi to dogs andrickettsia conori andCoxiella burnetti to humans. It is therefore
evident that higher densities Bf pumilio in fragmented landscapes can pose a potentiadsiise

risk to humans and domestic animals that used tfin@gments.

Changes in rodent host diversity, density, susbiipyiand behaviour will have knock-on effects
on parasite assemblages and populations. Anthropptieked diversity loss can favour
generalist host species, which tend to harbour rmarasite species and lead to higher parasite
abundance (Egoscue 1976; Friggens and Beier 201@ddition, higher rodent host densities
can enhance transmission of parasites between #ith wpecies and a number of studies have
shown that the prevalence of parasites is sigmfigaassociated with host density (Anderson
and May 1979; Morand and Poulin 1998; Mbora and &~2009). In addition, the extent of
habitat transformation and characteristics of fragta vary greatly. Similarly the subsequent
impact on parasite taxa may also be taxon-sped@icodall (2008) studied the effect of
fragmentation on bird lice and mites in Mexico dodnd that lice prevalence was highest in the
least intensified agricultural system, whereas prevalence was highest in the most intensified.
In addition, Friggens and Beier (2010) showed fted abundance and prevalence increased
with increasing disturbance and peaked at interatediisturbances such as agricultural areas
which supported the pattern found in this studyrtifer, nymphal and larval tick densities,
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recorded using drag sampling, seem to be inversetselated with area of forest fragments
(Allan et al. 2003).

In the present study mean abundances were higheoffobined and also most of the individual
flea, louse, tick and mite taxa on rodents in fragta compared to natural localities. The
difference was significant for all the taxa comhinend also for most of the individual taxa.
Prevalence of fleas, the louse, mites and tickewaéso higher in fragments compared to natural
localities. Individual parasite species differ @rrhs of life history, and this is especially so for
fleas (Marshall 1981; Krasnaat al. 1997). It is therefore essential to further explmdividual
species-specific patterns. Intraspecific analy$eseotwo most abundant flek.(aggripinae and

C. rossi) and mite .. giganteus andA. fahrenholz) species ofR. pumilio confirmed the general
flea and mite pattern. When looking at the indiadtick species and specificalR: gertrudae
group, a contrasting pattern was recorded for nadamdance; higher abundances were recorded
on rodents in extensive natural localities comparedragments. This is also in contrast to a
higher prevalence for the tick taxon combined aad rhost of the abundant tick species.
However, when two locality pairs were excluded fréne analyses the abundance pattern
changed to support the prediction. Two of the adlgd natural localities, Elandskloof and
Wolwedans, differed in certain habitat charactesstompared to the other two natural localities
(Jonkershoek and Voélvleidam). The latter two wlarge nature reserves (> 8 Rmwhereas
Elandskloof and Wolwedans were relatively largeticmous natural vegetation fragments (< 6

km?) that were partly surrounded by vineyards andypast

The position of the trap lines, due to limited asikility, and the relatively close proximity to
peri-urban areas could have facilitated higher tickdens in Elandskloof and Wolwedans.
Although the aim was to use extensive pristine neateserves this was not possible due to
widespread seasonal fires in the Stellenbosch, &ain@/est and Paarl regions of the CFR a few
months prior to the start of the study. In additialthough no supporting data is available, it did
seem that plant composition of Elandskloof and Walans differed in general from
Jonkershoek and Voélvleidam (personal observatlliant cover is an important factor for free-
living tick stages as it influences the amountlodde available in the area, which can influence

tick development and survival (ELGhali and Hass@h@. Mean abundance and prevalence of
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the tick H. dliptica however supported the prediction that larger busderll be found on

rodents in fragments compared to natural localities

In conclusion, the current study show that haliregments surrounded by agricultural activities
counter negative effects of fragmentation in tlwatents have an improved body condition and
are larger compared to natural localities. A coraban of high quality hosts and plant cover,
provided by remnant vegetation, did not only regsularger fleas but also facilitated an increase
in the mean abundance and prevalence of genezatigparasite species such as fleas, mites and
ticks in transformed areas. This could have majgslications for disease transmission and risk
in these areas. The current study is unique in itisathe first study to look at the effect of
anthropogenic transformation on the complete ectgpi@ burden of a host and it is also the first
study on this topic to be done in the WCP and SAufe studies on pathogen incidence will be
valuable to confirm if there is a higher incidenakB. canis rossi in H. dliptica ticks in

fragments.
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Chapter 4

General conclusion

The Cape Floristic Region (CFR) is classified abiadiversity hotspot due to high plant
diversity an endemism (Cowling and Hilton-Taylor 989. Further, this region is also
charactarized by a high diversity of small mamnpedcses (Skinner and Chimimba 2005) and a
diverse assemblage of insects (Giliomee 2003). Wewet present not much is known with
regard to parasite assemblages and diversity oestaal animals in this region. Recent studies
have started to address this paucity of informatoyn studying parasite diversity, species
composition and temporal variation d&habdomys pumilio, a generalist rodent in the CFR
(Mattheeet al. 2007, 2010). The present study support earligirigs thatR. pumilio in this
region is an important host to a large number ebparasite species (Chapter 2). Many of the
ectoparasites found are important vectors of pathe@nd disease of domestic, wild animals and
humans (Chapter 2). A clear temporal pattern wasrded for the different ectoparasites taxa
that ranged from an on-host preference during eeel months (mites and fleas) to high
abundance during the hot dry months (ticks ands#-$yecific louse) (Chapter 2).

Anthropogenic habitat fragmentation is considecetle one of the largest threats to biodiversity
loss in the world (Salet al. 2000). To date most research efforts have focuseethe effect of
fragmentation on plants and terrestrial animalsweicer, a growing body of literature stresses
the important relationship between vertebrate h@stsasites and disease risk (Pkital. 2000;
Daszaket al. 2001; Keesinget al. 2006). Against this backdrop, studies have regenden
conducted on the effect of fragmentation on artbdopectors and disease risk (Mazal. 2007;
Pulttkeret al. 2008; Mbora and McPeek 2009; Cottonghihl. 2009; Wrightet al. 2009; Friggens
and Beier 2010). From this study, it is evident tihagments in agricultural landscapes provide
ideal conditions for generalist rodent species Rkpumilio, to grow larger, improve their body
condition and to reach high densities (ChapteC8nsequently, ectoparasites benefit from these
conditions (increase in mean abundance and presglé@hapter 3). In addition, certain host-

dependent parasites, such as fur fleas, are alpleysically adapt and benefit from feeding on a
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better quality host (Chaper 3). This will have cemgences on parasite fecundity, burden and

disease risk in fragmented habitats.

The study highlights an additional adverse effetited to habitat fragmentation and emphasizes
the importance of conserving connected and or sktennatural habitats within agricultural

landscapes.
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Appendix

Figures
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Figure 1: Species accumulation curve (mean + SE) (31.64 &)600 the ectoparasite species
found on 28Rhabdomys pumilio sampled at Mulderbosch in the Cape Floristic Reg#outh
Africa, October to December 2009. Resampling stesisising sample with replacement and 100

randomisations (Gotelli and Colwell 2001).
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Figure 2: Species accumulation curve (mean + SE) (37.91 @5)6f the ectoparasite species
found on 22Rhabdomys pumilio sampled at Wolwedans in the Cape Floristic Regiwyth
Africa, October to December 2009. Resampling stesisising sample with replacement and 100

randomisations (Gotelli and Colwell 2001).
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Figure 3: Species accumulation curve (mean + SE) (40.12 28)(of the ectoparasite species
found on 26Rhabdomys pumilio sampled at Waterval farm in the Cape FloristiciB@egSouth
Africa, October to December 2009. Resampling stesisising sample with replacement and 100

randomisations (Gotelli and Colwell 2001).
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Figure 4. Species accumulation curve (mean = SE) (28.53 #)706 the ectoparasite species
found on 30Rhabdomys pumilio sampled at Voélvleidam in the Cape Floristic Regi®auth
Africa, October to December 2009. Resampling stesisising sample with replacement and 100

randomisations (Gotelli and Colwell 2001).
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Figure 5: Species accumulation curve (mean + SE) (46.48 54)3f the ectoparasite species
found on 23Rhabdomys pumilio sampled at Vergelegen in the Cape Floristic Reg&outh
Africa, October to December 2009. Resampling stesisising sample with replacement and 100

randomisations (Gotelli and Colwell 2001).
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Figure 6: Species accumulation curve (mean = SE) (61.37 &)%6 the ectoparasite species
found on 30Rhabdomys pumilio sampled at Elandskloof in the Cape Floristic Regi®outh
Africa, October to December 2009. Resampling stesisising sample with replacement and 100

randomisations (Gotelli and Colwell 2001).
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Figure 7: Body condition index ofRhabdomys pumilio (n = 218) in fragment and natural

localities of the Cape Floristic Region, South A& 2009. (GLZ model (normal): y = habitat
type).
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Figure 8: Observed body mass d&habdomys pumilio (n = 218) in fragment and natural

localities of the Cape Floristic Region, South A% 2009. (GLZ model (normal): y = habitat
type).
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Figure 9: Mean overall predicted abundance of fleas foundrlaabdomys pumilio (n = 218) in

fragments and natural localities of the Cape HioriRegion, South Africa, 2009. (GLZ model

(poisson, log link): y = habitat type + pair + sexotal length).
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Figure 10: Mean predicted abundance @fiastopsylla rossi found onRhabdomys pumilio (n =
218) in natural and fragment localities of the Caparistic Region, South Africa, 2009. (GLZ
model (poisson, log link): y = habitat type + paisex + total length).
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Figure 11: Mean overall predicted abundance of mites foundRioatodomys pumilio (n = 218)

in natural and fragment localities of the Cape iBtar Region, South Africa, 2009. (GLZ model
(poisson, log link): y = habitat type + pair + sexotal length).
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Figure 12: Mean overall predicted abundance of the mitadrolaelaps fahrenholz, found on
Rhabdomys pumilio (n = 218) in natural and fragment localities o€ tGape Floristic Region,

South Africa, 2009. (GLZ model (poisson, log link)= habitat type + pair + sex + total length).
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Tables

Table 1: Breakdown of GLZ model and analysis for mean fdmndance orRhabdomys

pumilio in fragment and natural localities of the CapeiBter Region, South Africa, 2009.

% Deviance

Model Model p-value explained Dispersion corrected
Model(poisson, log link): y =
habitat type + pair + sex code +
total length 0* 81.88 yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercep 1 1.1z 0.2¢
Habitat typ: 1 8.2t 0.004’
Pair 3 9.65 0.02*
Sex cod 1 12.8¢ 0*
Total lengtl 1 2.6 0.1C
Parameter estimate
Standard Wald

Effect Level of effect Estimate error statistic p-value
Intercep -1.0€ 1.01 1.1z 0.2¢
Habitat typ: natura -0.27 0.1c 8.2t 0.004°
Pair Somerset West 0.31 0.15 451 0.0
Pail Stellenbosch -0.4¢€ 0.1¢ 6.8C 0.01*
Pail Portervile 0.21 0.1t 2.04 0.1¢
Sex code 0 0.40 0.11 12.84 0*
Total lengt! 0.0¢ 0.0t 2.6 0.1C
Scale 1.84 0

3*

*indicates significant differences (p < 0.05)
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Table 2: Breakdown of GLZ model and analysis for me2mastopsylla rossi abundance on
Rhabdomys pumilio in fragment and natural localities of the CapeiBtw Region, South Africa,
2009

% Deviance
Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code H
total length 0* 89.57 yes
All effects
Effect Degrees of freedor | Wald statistic p-value
Intercept 1 1.09 0.30
Habitat type 1 3.19 0.07*
Paii 3 10.9¢ 0.01*
Sex code 1 2.88 0.09
Total length 1 0.51 0.47
Parameter estimats
Standard Wald
Effect Level of effec Estimate error statistic p-value
Intercep -1.3C 1.2t 1.0¢ 0.3C
Habitat type natural -0.22 0.12 3.19 0.07,
Paii Somerset We 0.2¢€ 0.21 1.5 0.21
Paii Stellenbosch -0.12 0.2z 0.2¢ 0.5¢
Pair Porterville 0.56 0.19 8.81 0.003
Sex cod 0 0.2: 0.1z 2.8¢ 0.0¢
Total lengtt 0.04 0.0¢€ 0.51 0.47
Scale 1.47 0

*indicates significant differences (p < 0.05)
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Table 3: Breakdown of GLZ model and analysis for mean dVemste abundance on

Rhabdomys pumilio in fragment and natural localities of the CapeiBt Region, South Africa,

2009.

% Deviance

Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code +
total length 0* 80.74 yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 0.19 0.66
Habitat type 1 7.01 0.01*
Pair 3 7.41 0.06
Sex code 1 0.81 0.37
Total length 1 2.83 0.09
Parameter estimate
Standard Wald
Effect Level of effec Estimate error statistic p-value
Intercept -0.78 1.78 0.19 0.66
Habitat type natural -0.46 0.17 7.01 0.01*
Pair Somerset West 0.62 0.25 6.01 0.01*
Pair Stellenbosch 1 0.01 0.28 0.00 0.9y
Pair Porterville 0.28 0.27 1.06 0.30
Sex code 0 0.15 0.17 0.81 0.37
Total length 0.14 0.08 2.83 0.09
Scale 7.19 0

*indicates significant differences (p < 0.05)
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Table 4: Breakdown of GLZ model and analysis for mefamirolaelaps fahrenholz abundance

on Rhabdomys pumilio in fragment and natural localities of the Caperibtac Region, South

Africa, 2009.
% Deviance
Model Model p-value explainec Dispersion correctec
Model(poisson, log link): y =
habitat type + pair + sex code +
total length 0* 89.44 yes
All effects
Degrees of
Effect freedom Wald statistic p-value
Intercept 1 0.05 0.82
Habitat type 1 12.39 0*
Pair 3 4.32 0.23
Sex code 1 1.99 0.16
Total length 1 0.05 0.82
Parameter estimate
Standard Wald p-

Effect Level of effec Estimate error statistic value
Intercept 0.26 1.12 0.05 0.82
Habitat type natural -0.38 0.11 12.39 0*
Pair Somerset West 0.17 0.17 1.02 0.31
Pair Stellenbosch 1 -0.17 0.18 0.88 0.35
Pair Porterville 0.25 0.16 241 0.12
Sex code 0 0.15 0.11 1.99 0.16
Total length 0.01 0.05 0.05 0.82
Scale 1.90 0

*indicates significant differences (p < 0.05)
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