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Abstract

Background: The role of endemic murid rodents as hosts of arthropod vectors of diseases of medical and veterinary
significance is well established in the northern hemisphere. In contrast, endemic murids are comparatively
understudied as vector hosts in Africa, particularly in South Africa. Considering the great rodent diversity in South
Africa, many of which may occur as human commensals, this is unwarranted.

Methods: In the current study we assessed the ectoparasite community of a widespread southern African endemic,
the Namaqua rock mouse (Micaelamys namaquensis), that is known to carry Bartonella spp. and may attain pest status.
We aimed to identify possible vectors of medical and/or veterinary importance which this species may harbour and
explore the contributions of habitat type, season, host sex and body size on ectoparasite prevalence and abundance.

Results: Small mammal abundance was substantially lower in grasslands compared to rocky outcrops. Although the
small mammal community comprised of different species in the two habitats, M. namaquensis was the most abundant
species in both habitat types. From these 23 ectoparasite species from four taxa (fleas, ticks, mites and lice) were
collected. However, only one flea (Xenopsylla brasiliensis) and one tick species (Haemaphysalis elliptica) have a high
zoonotic potential and have been implicated as vectors for Yersinia pestis and Bartonella spp. and Rickettsia conorii,
respectively. The disease status of the most commonly collected tick (Rhipicephalus distinctus) is currently unknown.
Only flea burdens differed markedly between habitat types and increased with body size. With the exception of lice,
all parasite taxa exhibited seasonal peaks in abundance during spring and summer.

Conclusion: M. namaquensis is the dominant small mammal species irrespective of habitat type. Despite the great
ectoparasite diversity harboured by M. namaquensis, only a small number of these are known as vectors of diseases of
medical and/or veterinary importance but occur at high prevalence and/or abundance. This raises concern regarding
the potential of this host as an endemic reservoir for zoonotic diseases. Consequently, additional sampling throughout
its distributional range and research addressing the role of M. namaquensis as a reservoir for zoonotic diseases in
southern Africa is urgently needed.
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Background
Globally, rodents, particularly members of the murid
family, are important hosts for ectoparasitic arthropods,
many of which are vectors of diseases of veterinary and
medical importance [1]. For example, ticks of the genus
Ixodes, harboured by several common murid rodents in
North America and Europe, are important vectors for
diseases such as Lyme borreliosis (Borrelia burgdorferi s. l.,
B. afzelii, B. garinii), human babesiosis (Theileria microti)
and human granulocytic ehrlichiosis (Anaplasma phagocy-
tophilum) [2-4]. In North and East Africa invasive Rattus
spp. as well as several endemic rodents are hosts to flea
species (e.g. Xenopssylla cheopis, X. brasiliensis and Dinop-
syllus lypusus) that are vectors for bubonic plague (Yersinia
pestis) but also Bartonella spp. including B. elizabethae
that causes human endocarditis [5-11]. Many of the murid
hosts of these vectors are also the dominant species in
small mammal communities and may attain pest status
while these vectors show low host specificity resulting in a
high zoonotic potential locally [1,5,12,13].
Within a host population parasites tend to exhibit an

overdispersed distribution with only a fraction of the host
individuals of a given species harbouring the majority of
parasites [14,15]. These patterns are generated by a suite
of factors that can be divided into two general categories,
i.e. abiotic (e.g. climate) and biotic (e.g. host sex) factors.
Above all, seasonal fluctuations in parasite prevalence and
abundance are commonly observed and particularly pro-
nounced in ectoparasitic arthropods. This may be linked
to the life-cycle and seasonal fluctuations in temperature
and humidity, which often determines the duration of
the developmental stages in these parasites [16,17]. In
addition, seasonal patterns may be generated by the sus-
ceptibility of such ectoparasites to desiccation during pe-
riods spend off-host [16,18,19]. Such periods may differ
substantially between ectoparasite taxa and ixodid ticks
can be encountered during the majority of their life-cycle
in the environment. In contrast, many flea and mite spe-
cies live in the buffered environment of their hosts’ nest
when not feeding on the host, whereas the majority of lice
spend their entire life-cycle on the host [16,18,20]. How-
ever, changes in thermoregulatory demands and repro-
ductive activity of the host in response to seasonal climate
and fluctuations in food availability may also contribute
to the seasonal patterns observed in many ectoparasite
species [1].
In addition to seasonal patterns, sex-bias in ectoparasite

burdens has been observed across a wide range of animal
taxa and appears to be mostly male biased [21,22]. Such
differences have alternatively been linked to body size dif-
ferences and physiological or behavioural mechanisms
[21,23,24]. Elevated levels of testosterone have been shown
to increase male susceptibility to parasite infestation [25].
Alternatively, but not mutually exclusive, behavioural
mechanisms such as sex-specific ranging behaviour or so-
cial aggregation that affect exposure and/or transmission
may cause sex biases in parasite burden [15,26].
Although endemic murid rodents have received sub-

stantial interest as hosts of ectoparasite vectors of dis-
eases in Africa e.g. [5,6] such studies remain limited for
South Africa and often only consider a single parasite
taxon [27-30]. This appears unwarranted given the high
densities that some murid populations can achieve lo-
cally and the presence of known disease vectors such as
X. cheopis and X. brasiliensis [31]. In addition, a number
of tick species with immature stages that may exploit ro-
dents are of great economic importance in the livestock
industry of this region including various Rhipicephalus
spp. that may carry Theileria ssp., Babesia spp. and Ana-
plasma spp., but also Rickettsia conorii causing African
tick bite fever in humans [3,13].
In the current study, we investigated the ectoparasite

community of the Namaqua rock mouse (Micaelamys
namaquensis) in a nature reserve in the Gauteng Province,
South Africa. The species has a wide distributional range
and occurs with few exceptions in eastern Mozambique
across Africa south of the 18° latitude [32]. Rock mice are
flexible in their habitat requirements but prefer rocky out-
crops or hillsides as indicated by their common name. In
their preferred habitat the species dominates the small
mammal community and it may occur as commensal in
rural communities [33]. They are nocturnal with an om-
nivorous diet [32]. Little is known about their social system
and although some authors describe them as communal
[32] females appear to occupy exclusive territories while
male territories may overlap with several conspecific of
either sex [34]. Rock mice breed during the rainy season
which coincides with winter in the western coastal areas
of South Africa while they breed during the summer
in eastern parts of the country [34,35]. A large number
of ectoparasite species have been reported to infest
M. namaquensis including 34 flea species from four
families (Pulicidae, Hystrichopsyllidae, Leptopsyllidae and
Chimaeropsyllidae, [36,37]), three species of lice from two
families (Hoplopleuridae and Polyplacidae [38]), 12 mite
species from two families (Laelaptidae and Trombiculidae
[39]) and 26 tick species from three families (Ixodidae,
Argasidae and Nuttalliellidae [28,30,40,41]), indicating
their potential role as both a vector and reservoir host.
However, for most of these only species accounts are
available with little or no information regarding the local-
ity or number of host individuals sampled and only a sin-
gle study has sampled the same population on more than
one occasion [29]. Rock mice have been identified as one
of the preferred hosts for the tick Haemaphysalis elliptica
that transmits Babesia rossi to dogs and wild canids but
also Rickettsia conorii to humans [13,28,29,42]. Although
they are not necessarily the preferred hosts, rock mice
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may also sustain significant numbers of Rhipicephalus
warburtoni which carries Anaplasma bovis and may also
cause paralysis in goats [30,43]. In addition, M. nama-
quensis has been shown to carry a number of Bartonella
spp. including B. elizabethae in several South African
provinces at a prevalence of up to 58% [44,45]. The aim of
the current study was (1) to conduct the first comprehen-
sive assessment of the ectoparasite species parasitizing
M. namaquensis in a single locality and (2) to identify key
ectoparasite species that may be vectors of diseases of vet-
erinary and/or medical importance. In addition, we aimed
(3) to investigate the contributions of abiotic (i.e. season)
and biotic factors (i.e. host sex) on the distribution of
ectoparasite taxa among hosts.

Methods
Animals were sampled at Telperion/Ezemvelo Nature
Reserve (25° 41’ S, 28° 56’ E) using 72 live-Sherman traps
(H. B. Sherman Traps, Inc., Tallahassee, Florida) per plot
on 16 plots (8 rocky outcrops and 8 grasslands). The
study site is located in the summer rainfall region of South
Africa (October-April). During the study period a total of
6.4 mm precipitation was recorded from June to September
2010 while it was a minimum of 43.8 mm per month dur-
ing the remainder of the study period and exceeded
160 mm in April, December and January (SA Weather
Service). At the same time, the minimum and maximum
temperatures recorded were 10.0 ± 0.3°C and 26.2 ± 0.2°C,
respectively. The lowest (−5.6°C) and highest tempera-
tures (36.1°C) were measured in June and November, re-
spectively. Sampling took place five times between April
2010 and April 2011 (April/May, July/August, October/
November 2010; January/February, April/May 2011) to
cover all seasons. In the study area breeding occurs be-
tween October and March [35]. During the first trip
(April/May 2010) sampling was limited to five rocky out-
crops and one grassland plot. In addition, during the last
trip mice were exclusively sampled from rocky outcrops (8
plots). Traps were baited with a mixture of peanut butter
and oats and set over night in four parallel lines of 18
traps each approximately 10 paces apart. On each plot
traps were set for four consecutive nights and checked
around dawn. To limit trap related deaths as a result of
environmental exposure, traps were closed during the day
and bedding was provided in the traps during winter.
Animals were removed from the traps using Ziplock®

bags and hand-restrained during examination. The sex
of the animal caught was recorded and the entire body
of each individual was carefully searched for the presence
of ectoparasite by back-combing the fur with tweezers and
blowing in the fur. In addition, ear margins, legs and the
base of the tail were also checked for the presence of ecto-
parasites. The processing surface was covered with white
sheets and ectoparasites that dropped or jumped off the
host were caught by hand or with tweezers. Furthermore,
the handling bag was carefully searched for ectoparasites
and cleaned between animals to avoid cross-contamination.
All ectoparasites encountered were removed using fine
tweezers and stored in 70% ethanol for later counting and
identification to species level. The body length of all mice
captured was measured from the neck to the base of their
tail using callipers. They were marked with ear notches and
released at their site of capture in the afternoon. For the
current study only the first capture of an individual during
a capture period was included. For microscopic examin-
ation, fleas, lice and mites were cleared and mounted fol-
lowing the techniques described in [31,37,46], respectively.
Fleas and lice were identified using the morphological
key of [37] and [31], respectively. Mites were identified
using [46] and ticks were identified to species or species
group using descriptions provided by [13,47].
All mice captured were considered for analyses and the

age of individuals was unknown. However, since body size
(measured as body length) may be a proxy for age and to
confirm previous reports that body size was similar be-
tween the sexes [32] we carried out a generalized linear
mixed model (GLMM) including habitat, season and sex
as well as the interaction between season and sex as inde-
pendent variables. Study plot was included as a random
effect to account for possible site effects. Since body
length was not normally distributed and transformations
were unsuccessful (Kruskal-Wallis test: p ≤ 0.05), we fitted
a model with a Gamma distribution and log-link function.
The results showed that body length varied significantly
with season (F4,197 = 3.656, p = 0.007), with animals being
significantly larger in spring (81.0 ± 2.4 mm) compared to
autumn 2010 (73.8 ± 1.9 mm, t = 3.725, p < 0.0001) and
autumn 2011 (76.11 ± 2.6 mm, t = 2.015, p = 0.045). There
were no significant differences between any other seasons
(p ≥ 0.057). This is likely a result of the recruitment of ju-
veniles in the study population at the end of the breeding
season. Neither habitat, sex (males: 76.91 ± 1.40, females:
76.45 ± 1.47) nor the interaction between season and sex
was significant (p ≥ 0.137).
The prevalence and abundance (as defined by [48]) were

calculated for each of the four higher taxa (i.e. fleas, lice,
mites and ticks, see results) as well as the individual para-
site species found. The effect of season (i.e. April/May
2010: autumn 2010, July/August: winter, October/November:
spring 2010; January/February: summer, April/May 2011:
autumn 2011) and host sex on prevalence and abundance
of the different ectoparasite taxa were investigated using
GLMMs fitted with a binomial (prevalence) and negative-
binomial (abundance) data distribution, respectively. To
account for possible effects of habitat type (grassland vs.
rocky outcrop) this variable was added as an independ-
ent factor. Capture plot was included as random effect.
We added body length as covariate in all GLMMs. All



Table 2 Summary of individual M. namaquensis captured
per trip

Season Total Males Females

April 2010 79 42 37

July 2010 17 8 9

October 2010 47 29 18

January 2011 45 25 20

April 2011 24 16 8
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statistical analyses were conducted in IBM SPSS version
21 (IBM SPSS Statistics 21.Ink 2013).

Results
Throughout the study a total of 358 individuals from
eleven small mammal species were captured (Table 1).
Namaqua rock mice were the dominant species in both
habitat types and comprised 59.2% of all animals captured
(Table 1). A total of 212 mice of which 120 males (56.6%)
and 92 females (43.4%) were captured and examined for
ectoparasites (Table 2). From these 6626 ectoparasites
from four taxa were collected. Fleas and immature ticks
were the most prevalent parasites recovered followed by
mites and lice (Table 3). At the same time, mites were the
most abundant taxon recovered (Table 3). Lice occurred
at a low prevalence and abundance.

Ectoparasite species
A total of five flea species representing five genera were
collected (Table 4). Of these, Xenopsylla brasiliensis was
by far the most prevalent and abundant flea species
(Table 4). However, Chiastopsylla godfreyi and Epirimia
aganippes were also quite common though their abun-
dance was low. In contrast, Dinopsyllus ellobius and
Demeillonia granti only occurred at low prevalence and
abundance (Table 4).
A total of three louse species were recovered of which

Hoplopleura patersoni was the most prevalent and abun-
dant (Table 4). However, the prevalence of H. aethomydis
was not much lower while both prevalence and abundance
of Polyplax praomydis was substantially lower than that of
both Hoplopleura spp. (Table 4).
Mites were the second most speciose ectoparasite taxon

harboured by M. namaquensis with a total of six species
and one family being collected (Table 4). Unidentified
Table 1 Summary of small mammals captured during the
study period

Species Total Grassland Rocky outcrop

Micaelamys namaquensis 313 (59.2%) 23 (34.3%) 189 (64.7%)

Elephantulus myurus 81 (22.6%) 10 (14.9%) 71 (24.3%)

Tatera leucogaster 14 (3.9%) 14 (20.9%) 0

Crocidura spp. 13 (3.6%) 2 (3.0%) 11 (3.8%)

Acomys spinosissimus 10 (2.8%) 0 10 (3.4%)

Dendromys spp. 8 (2.2%) 8 (11.9%) 0

Rhabdomys dilectus 7 (1.9%) 7 (10.4%) 0

Aethomys ineptus 5 (1.4%) 0 5 (1.7%)

Lemniscomys rosalia 5 (1.4%) 2 (3.0%) 3 (1.0%)

Graphiurus spp. 3 (0.8%) 0 3 (1.0%)

Mus minutoides 1 (0.3%) 1 (1.5%) 0

Total (individuals) 359 67 292

Displayed are total counts and the respective percentage in brackets.
trombiculid (chigger) mites were the most prevalent and
abundant mite species followed by A. rhabdomysi. Unlike
the fleas and lice, trombiculid mites occurred at high abun-
dance. A total of 46 specimens of an unknown Laelaps sp.
were found, consisting of five nymphs and 41 adults. The
remaining two Laelaps spp. occurred at a substantially
lower prevalence and abundance (Table 4).
Ticks comprised the greatest species diversity of the ecto-

parasite taxa found on M. namaquensis. They were repre-
sented by at least 8 species from three genera (Table 4).
The larvae and nymphs of Rhipicephalus warburtoni and
Rhipicephalus arnoldi resemble each other closely hence
we chose to refer to them as Rhipicephalus warburtoni/
arnoldi. Similarly, the immature stages of the Haemaphysa-
lis spp. collected all belonged to the Haemaphysalis (Rhipis-
toma) group of species and have few distinguishing marks.
Consequently, data for these species were pooled. Two
nymphs that were allowed to moult were identified as H.
spinulosa-like (Table 4). The immature stages of the genus
Ixodes in Africa pose similar challenges as those outlined
for the above species and were hence only identified to
genus level. Only two of the tick species recovered occurred
at significant numbers with Rhipicephalus distinctus being
the most prevalent and abundant followed by Haemaphysa-
lis (Rhipistoma) spp. (Table 4). The remaining tick species
occurred at substantially lower prevalence and abundance.

Effects of season and sex on ectoparasite distribution
Fleas
Both total flea prevalence and abundance varied signifi-
cantly with season (Table 5). Post-hoc analyses revealed
that flea prevalence was significantly lower in summer
compared to winter spring and autumn 2011 (p ≤ 0.015
for all comparisons). In addition, it was significantly lower
in autumn 2011 compared to winter and spring (p ≤ 0.045
Table 3 Summary of the parasite groups found on
M. namaquensis and their infection parameters

Taxon Total Prevalence (%) Mean abundance (±SE)

Fleas 1072 78.2 4.96 (±0.423)

Lice 508 21.3 2.35 (±0.767)

Mites 3301 53.7 15.28 (±3.225)

Ticks 1744 78.2 8.07 (±1.336)



Table 4 Summary of the ectoparasite species found and their infection parameters in Namaqua rock mice

Taxon Species Larva Nymph Male Female Total Prevalence (%) Mean abundance (±SE)

Fleas Xenopsylla brasiliensis - - 351 240 591 61.2 2.74 (±0.299)

Chiastopsylla godfreyi - - 75 113 188 28.7 0.87 (±0.150)

Epirimia aganippes - - 91 127 218 26.9 1.01 (±0.171)

Dinopsyllus ellobius - - 18 - 18 6 0.08 (±0.024)

Demeillonia granti - - 1 - 1 0.5 0.00 (±0.005)

Lice Hoplopleura aethomydis - - 10 101 111 12 0.51 (±0.20)

Hoplopleura patersoni - - 162 31 193 16.2 0.89 (±0.270)

Polyplax praomydis - - 14 7 21 5.1 0.10 (±0.039)

Mites Trombiculidae (chiggers) 3001 - - - 3001 25.9 13.89 (±3.235)

Androlaelaps rhabdomysi - 84 33 63 180 20.4 0.83 (±0.231)

Androlaelaps marshalli - 1 - - 1 0.5 0.00 (±(0.005)

Androlaelaps zuluensis - - - 32 32 0.5 0.15 (±0.148)

Laelaps roubaudi - - 4 27 31 3.7 0.14 (±0.087)

Laelaps simillimus - - - 2 2 0.5 0.01 (±0.009)

Laelaps sp. - 5 11 30 46 5.6 0.21 (±0.136)

Ticks R. appendiculatus 1 1 - - 2 0.9 0.01 (±0.007)

R. warburtoni/arnoldi 16 3 - - 19 5.1 0.09 (±0.029)

R. decoloratus 3 - - 3 1.4 0.01 (±0.008)

R. distinctus 956 306 - - 1262 67.1 5.84 (±1.056)

R. evertsi evertsi 4 - - 4 1.9 0.02 (±0.009)

Rhipicephalus spp. 2 - - 2 0.9 0.01 (±0.007)

Haemaphysalis spp. 382 67 - - 449 35.6 2.07 (±0.636)

Ixodes spp. 4 - - - 4 1.4 0.02 (±0.015)
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for both comparisons, Figure 1a). None of the remaining
comparisons was significant (p ≥ 0.053 for all compari-
sons). In addition, none of the other factors considered
was significant (Table 5).
The flea abundance was significantly greater in autumn

2010 compared to summer and autumn 2011 (p ≤ 0.010
for both comparisons, Figure 1b). Similarly, it was signifi-
cantly higher in spring than in summer and autumn 2011
(p ≤ 0.012 for both comparisons). In contrast, none of the
remaining pairwise comparisons was significant (p ≥ 0.060
for all comparisons). The abundance of fleas was signifi-
cantly lower in grassland (1.61 ± 0.65) compared to rocky
outcrops (4.34 ± 0.78, Table 5). Neither host sex, nor the
interaction between season and sex had a significant effect
on flea abundance (Table 5). In contrast, the abundance
of fleas increased with body length of the host (estimate:
0.025 ± 0.010).

Lice
The louse prevalence did not vary significantly with any
of the factors considered (Table 5). Similarly, none of the
independent variables significantly affected louse abun-
dance (Table 5).
Mites
Both total mite prevalence and abundance varied signifi-
cantly with season (Table 5). Mite prevalence was greatest
in summer and it was significantly higher compared to all
other seasons (p ≤ 0.034 for all comparisons, Figure 2a). In
addition, it was significantly lower in autumn 2010 com-
pared to autumn 2011 (t = 2.124, p = 0.034). None of the
remaining pairwise comparisons was significant (p ≥ 0.100
for all comparisons). Neither sex, habitat type, body length
nor the interaction between sex and season had a signifi-
cant effect on mite prevalence (Table 5).
Mite abundance was significantly higher in summer

compared to all other seasons (p ≤ 0.013 for all compari-
sons, Figure 2b). No other pairwise comparisons were sig-
nificant (p ≥ 0.117 for all comparisons). In addition, none
of the other factors considered was significant (Table 5).

Ticks
Both the tick prevalence and the abundance varied signifi-
cantly with season (Table 5). The prevalence was signifi-
cantly lower in autumn 2010 than in spring, summer and
autumn 2011 (p ≤ 0.015 for all comparisons, Figure 3a).
None of the remaining pairwise comparisons was significant



Table 5 Results of the GLMMs for total ectoparasite
prevalence and abundance of Namaqua rock mice

Taxon Factors df

Prevalence Abundance

Waldχ2 p Waldχ2 p

Fleas Habitat 1,196 2.949 0.088 4.648 0.032*

Season 4,196 3.874 0.005* 7.033 <0.0001*

Sex 1,196 0.319 0.573 0.651 0.421

Season × sex 4,196 0.263 0.901 0.333 0.855

Body length 1,196 1.071 0.302 6.835 0.010*

Lice Habitat 1,196 0.288 0.592 0.358 0.550

Season 4,196 0.224 0.925 0.369 0.830

Sex 1,196 0.000 0.997 0.000 1.000

Season × sex 4,196 0.718 0.580 1.302 0.271

Body length 1,196 2.856 0.093 3.338 0.069

Mites Habitat 1,196 1.179 0.279 2.763 0.098

Season 4,196 6.623 <0.0001* 37.991 <0.0001*

Sex 1,196 0.305 0.581 0.033 0.857

Season × sex 4,196 1.174 0.324 0.428 0.788

Body length 1,196 0.014 0.907 1.336 0.249

Ticks Habitat 1,196 0.101 0.751 2.399 0.123

Season 4,196 4.036 0.004* 28.727 <0.0001*

Sex 1,196 1.293 0.257 3.387 0.067

Season × sex 4,196 0.178 0.949 2.096 0.083

Body length 1,196 0.481 0.489 1.601 0.207

*Indicates significant results.
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(p ≥ 0.125 for all comparisons). In addition, none of the
other factors considered significantly affected the tick
prevalence (Table 5).
The abundance of ticks was lowest in autumn 2010

and highest in January 2011 (Figure 3b). Accordingly, it
was significantly lower during autumn 2010 compared
to spring, summer and autumn 2011 (p ≤ 0.007 for all
comparisons). In contrast, tick abundance in summer
was significantly greater than during all other seasons
(p ≤ 0.001 for all comparisons). None of the remaining
pairwise comparisons between seasons was significant
(p ≥ 0.095 for all comparisons). Furthermore, none of the
other factors considered had a significant effect on tick
abundance (Table 5).

Discussion
In the current study individuals from eleven small species
were collected. However, M. namaquensis far outnum-
bered the other species, irrespective of whether total
counts or habitat-specific results are considered. This
finding corroborates previous reports that the study spe-
cies has a wide habitat tolerance [32] and hence may also
be common in the vicinity of human settlements where
they might be hosts for vectors of medical and veterinary
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concern. Nevertheless, capture numbers for M. nama-
quensis were more than fourfold higher on rocky outcrops
suggesting that this habitat type is particularly suitable for
the study species. However, the difference in animal num-
bers was not limited to the study species and capture
numbers for all small mammals species combined were
more than four times as high on rocky outcrops compared
to grassland. At the same time the species composition for
the two habitat types differed substantially with four spe-
cies being unique to grassland (T. leucogaster, R. dilectus,
Dendromys spp. and M. minutoides), while another four
were exclusively caught on rocky outcrops (Acomys spino-
sissimus, Aethomys ineptus, Graphiurus spp.) suggesting
that these species have narrower habitat tolerances.
We found a great diversity of ectoparasites harboured

by M. namaquensis with 23 species from four taxa, of
which ticks were the most speciose. Compared to the
total species diversity of no less than 74 ectoparasite spe-
cies recorded for M. namaquensis this may appear impo-
verished. However, the current study constitutes the first
systematic long-term assessment of the ectoparasite com-
munity of M. namaquensis from a single locality and
hence this ectoparasite diversity is rather remarkable. Fur-
thermore, our data confirm that with regards to preva-
lence the two taxa with the highest vector potential,
namely fleas and ticks, are the most important ectopara-
site taxa sustained by M. namaquensis.
All fleas collected in the current study are widely dis-
tributed throughout southern Africa [37], however, only
X. brasiliensis is of medical significance. It is charac-
terised by a low host specificity and thought to be a
plague vector and can carry Bartonella spp. [9,12,37,49].
In contrast, C. godfreyi and E. aganippes appear to be
specific for M. namaquensis [37] and hence the trans-
mission potential of zoonotic diseases to other species is
likely to be low. Nonetheless, apart from zoonotic Barto-
nella spp. closely related to B. elizabethae, host-specific
Bartonella spp. have been found in M. namaquensis
[44,45] and it is possible that these are transmitted by
such host-specific vectors. Demeillonia granti is host-
specific for sengis (Macroscelididae), while the principal
hosts of D. ellobius are grassland rodents such as gerbils
(Tatera spp.), the multimammate mouse (Praomys nata-
lensis) and the four-striped mouse (Rhabdomys pumilio)
and hence the observed infestation is probably acciden-
tal [37,50,51]. This is corroborated by the low prevalence
and abundance of these species on M. namaquensis.
Little is known about the lice collected in this study

but all have previously been found on the study species
or the closely related red veld rat (Aethomys chrysophi-
lus) [31,49]. Given the recent revision of the genus and
the overlap in the distributional range this may also have
been the Tete veld rat (A. ineptus) that was also caught
during the current study. The restricted host range re-
ported for these lice species so far may indicate that they
are specific for the genera Aethomys and Micaelamys.
Chiggers are known for their low host specificity and

were encountered at high abundances in the current study.
Various chigger species can cause skin irritations and have
been implicated as vectors for Rickettsia and Toxoplasma
in the Ethiopian region [31,52]. However, nothing is known
about the validity of this assumption for the study region
[31]. The other common mite species (A. rhabdomysi)
has only recently been described from R. pumilio in the
Western Cape [53] and hence the current finding consti-
tutes a new host as well as locality record. It was substan-
tially more prevalent and abundant on M. namaquensis
compared to its nominal host suggesting that M. nama-
quensis may be a more important host for this mite than
R. pumilio. The remaining mite species have been reported
for a number of rodent species and appear to show little
host specificity with the possible exception of L. simillimus
[39,54]. For L. roubaudi this is a new host record and it
has previously only been reported from the DRC, Nigeria
and Ghana [54].
We collected several Rhipicephalus spp. of veterinary

and/or medical importance including R. warburtoni,
R. evertsi evertsi, R. decoloratus as well as two immatures
of the economically most important Rhipicephalus spp.
in Africa R. appendiculatus [13,30,55-57]. However, like
Ixodes spp. all of these occurred at low prevalence. With
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the exception of R. warburtoni and R. arnoldi this is pos-
sibly linked to the preference of most of these ticks for
hosts living in grassland habitats rather than the rocky
outcrops preferred by M. namaquensis. Consequently,
most of these infestations can be considered accidental
and M. namaquensis is unlikely to play a major role in
maintaining these ticks or act as an important reservoir
for any of the diseases they transmit. In fact, it has been
shown that M. namaquensis is a poor host for Ixodes
rubicundus (causing sheep paralysis) and R. warburtoni
(carrying A. bovis and causing goat paralysis) and these
tick species exhibit a preference for sympatrically occur-
ring eastern rock sengis (Elephantulus myurus) as hosts
[28-30,58,59]. In contrast, R. distinctus was the main tick
species found on M. namaquensis at a high prevalence
and abundance. As with R. arnoldi, little is known about
this tick and substantial numbers have previously been
reported from rock hyraxes (Hyracoidea) and rock rab-
bits (Pronolagus spp.) suggesting that these ticks share
the habitat preferences of the M. namaquensis [13]. The
vector status of both of these species is unknown but de-
serves attention in the future. Conversely, Haemaphysa-
lis (Rhipistoma) elliptica, a member of the second most
prevalent and abundant tick Haemaphysalis (Rhipistoma)
spp. group, is of great veterinary and medical importance
as it transmits B. rossi, the cause of the most important
and virulent tick-borne disease of domestic dogs in South
Africa [42,60] and carries R. conorii causing African tick
bite fever. Namaqua rock mice appear to be a preferred
host for H. elliptica [28-30] and consequently the large
prevalence of Haemaphysalis (Rhipistoma) spp. recorded
in the current study suggests that M. namaquensis may
play an important role in the disease dynamic, a hypoth-
esis that should be addressed in future studies.
With the exception of fleas, habitat type did not affect

ectoparasite burdens observed in the study species. This
may be linked to differences in M. namaquensis density,
small mammal species composition between the two habi-
tats and parasite taxon life-cycles that can result in similar
outcomes. Since fleas are mostly directly transmitted, the
lower number of host individuals in grassland compared to
rocky outcrops may reduce transmission rates in the former
habitat. However, studies in other African small mammal
species did not find an effect of host population density
within the same habitat type on flea burden [61,62]. These
were, however, based on comparisons within the same
habitat type and small mammal species assemblages did
not differ between densities in these studies. In contrast,
species composition differed substantially between the
two habitat types in our study and if any of the grassland
specialist species is either a preferred host for fleas or acts
as an ecological trap removing fleas from the system [63]
this could account for the observed differences. Although
large numbers of fleas have been reported to infest
T. leucogaster and Rhabdomys spp. [27,49] this hypoth-
esis is currently speculative and deserves further attention
in the future. Unlike fleas, ticks and the most common
mites (chiggers) are not transmitted between hosts. The
lack of habitat effects for these two taxa could be caused
either by host behaviour and/or their abundance in the
environment. If parasite density in the habitat differs be-
tween habitat types larger home ranges in grasslands with
lower M. namaquensis numbers would result in compar-
able exposure rates in both habitats. Similarly, greater
densities of these two taxa on rocky outcrops would lead
to similar exposure rates in both habitats. Although we
cannot distinguish these possibilities from the current
data, support for the latter hypothesis comes from other
studies which show that tick burden is a function of tick
abundance rather than host density [64,65]. Despite their
direct mode of transmission, the low mobility and abun-
dance may account for habitat effects on louse burdens.
Seasonal patterns in prevalence and abundance were

apparent for all ectoparasite taxa collected in this study
with the exception of lice. This might be related to dif-
ferences in the life-cycle of the different taxa. Unlike
fleas, mites and ticks, lice usually spend their entire life
on the host and are thus likely to be less affected by cli-
matic factors than the other taxa which spend substan-
tial amounts of their life-cycle off-host [16-18,20]. Such
differences in seasonal patterns of various ectoparasite
taxa have previously been observed in other rodent hosts
in South Africa [27,49,66]. For fleas, mites and ticks sea-
sonal peaks in abundance and prevalence coincided with
the wet period of the year from October to April when
rainfall may greatly reduce the risk of desiccation for
these ectoparasites when they are not feeding on the
host [19]. However, this peak occurred earlier for fleas
(i.e. spring) than for mites and ticks (summer). Given
that most fleas and mites spend substantial amounts of
their lives in the nests of their hosts while ticks usually
quest in the environment, the difference between fleas
and mites is unexpected. However, the dramatic increase
in mite abundance observed in summer was largely attrib-
utable to an increase in the abundance of chiggers (D.M.
Fagir, personal observation) that are soil dwelling [52].
Consequently, the susceptibility of these mites may be ex-
pected to be more similar to that of the tick species in this
study than to other mite species or fleas and chiggers may
only hatch in response to rainfall that started in spring. In
addition, as ectoparasites dwelling in the host’s nest fleas
may be able to respond immediately to changes in im-
munity in their host as a result of reproductive activity
and the onset of breeding in the study species that com-
mences in September [35].
None of the parasite taxa found in the current study

exhibited a sex-bias. If the distribution of ectoparasites
in M. namaquensis is body size dependent the absence
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of a sexual dimorphism in the study species [33] this
study] may account for this observation. The lack of body
length effects for three of the four taxa provides corrob-
orating evidence for this hypothesis. In addition, female
M. namaquensis appear to be more sedentary and use
smaller home ranges than males [34], suggesting that body
size rather than behavioural differences accounts for this
observation. Also, it has been stressed recently that
though frequently assumed sex-biases in ectoparasite bur-
den are not as common as was previously thought [67].
The smaller size of younger animals may account for

the observation that flea abundance increased with body
size in the study species. Similar correlations between
body size and flea burden have been reported for other ro-
dent species and have proposed that resource size (i.e. host
size) may be the determining factor for this relationship
[68,69]. However, this does not appear to be the case for
other parasite taxa and [68,69] we did not find evidence
for a similar relationship in ticks and mites and their abun-
dance appears to be rather a function of parasite abun-
dance in the environment than host factors [64,65]. The
latter hypothesis needs to be addressed in the future.

Conclusion
M. namaquensis were the dominant small mammal spe-
cies in the study area irrespective of habitat type. They
harboured 23 ectoparasite species from four taxa in the
study area with fleas and ticks being the most important
ones with regards to prevalence and abundance. Al-
though many of these are known vectors for diseases of
veterinary and/or medical importance M. namaquensis
is likely to play a significant role as vector host for one
flea (X. brasiliensis) and one tick species (Haemaphysalis
spp.) only. All ectoparasite taxa exhibited seasonal peaks
in abundance coinciding with the warm and wet period
of the year while no effects of host sex were observed
and body size effects were only apparent for fleas. Add-
itional research addressing the role of the study species
as reservoir for zoonotic diseases in southern Africa is
urgently needed.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Conceived and designed study: HL DM. Data collection and parasite
identification: DM, IGH, EAU, Performed statistical analyses: HL, Contributed
materials/analysis tools: NCB, IGH, EAU, Wrote the manuscript: HL, DM, IGH,
NCB and EAU. All authors read and approved the final manuscript.

Acknowledgements
We are indebted to the management and staff of Ezemvelo/Telperion
Nature Reserve for permission to collect animals in the reserve and their
continuous support. The research was approved by the research ethics
committee at the University of Pretoria (EC015-10). Numerous field assistants
are thanked for their help in the field. We also thank Gauteng Nature
Conservation for issuing the capture permits. DMF was supported by a
doctoral grant from the Third World Organization for Women in Science
(TWOWS) and the National Research Foundation (NRF). IGH, NCB and HL
acknowledge funding from the University of Pretoria and the NRF. The
project was supported by a DST-NRF SARChI chair for Mammal Behavioural
Ecology and Physiology to NCB.

Author details
1Mammal Research Institute, Department of Zoology and Entomology,
University of Pretoria, Private Bag X20, Hatfield 0028, South Africa. 2ARC-Plant
Protection Research Institute, Private Bag X134, Queenswood, Pretoria 0121,
South Africa. 3School of Biological Sciences/Zoology, North-West University,
Potchefstroom 2520, South Africa. 4Department of Veterinary Tropical
Diseases, Faculty of Veterinary Science, University of Pretoria, Onderstepoort
0110, South Africa.

Received: 2 July 2014 Accepted: 29 July 2014
Published: 15 August 2014

References
1. Morand S, Krasnov BR: Micromammals and Macroparasites from Evolutionary

Ecology to Management. Tokyo: Springer Verlag; 2006.
2. Kiffner C, Vor T, Hagedorn P, Niedrig M, Rühe F: Factors affecting patterns

of tick parasitism on forest rodents in tick-borne encephalitis risk areas,
Germany. Parasitol Res 2011, 108:323–335.

3. Jongejan F, Uilenberg G: The global importance of ticks. Parasitology 2004,
129:S3–S14.

4. LoGiudice K, Ostfeld RS, Schmidt K, Keesing F: The ecology of infectious
disease: effects of host diversity and community composition on Lyme
disease risk. Proc Natl Acad Sci U S A 2003, 100:567–571.

5. Laudisoit A, Leirs H, Makundi R, Krasnov BR: Seasonal and habitat
dependence of fleas parasitic on small mammals in Tanzania.
Integr Zool 2009, 4:196–212.

6. Yonas M, Welegerima K, Laudisoit A, Bauer H, Gebrehiwot K, Deckers S,
Katakweba A, Makundi R, Leirs H: Preliminary investigation on rodent-
ectoparasite associations in the highlands of Tigray, Northern Ethiopia:
implications for potential zoonoses. Integr Zool 2011, 6:366–374.

7. Oguge N, Durden L: Ectoparasites (sucking lice, fleas and ticks) of small
mammals in southeastern Kenya. Med Vet Entomol 2009, 23:387–392.

8. Soliman S, Marzouk AS, Main AJ, Montasser AA: Effect of sex, size, and age
of commensal rat hosts on the infestation parameters of their
ectoparasites in a rural area of Egypt. J Parasitol 2001, 87:1308–1316.

9. Billeter SA, Borchert JN, Atiku LA, Mpanga JT, Gage KL, Kosoy MY: Bartonella
species in invasive rats and indigenous rodents from Uganda. Vector Borne
Zoonotic Dis 2014, 14:182–188.

10. Fagir DM, El-Rayah E-A: Parasites of the Nile rat in rural and urban regions
of Sudan. Integr Zool 2009, 4:179–187.

11. Makundi R, Kilonzo B: Seasonal dynamics of rodent fleas and its implication
on control stategies in Lushoto district, north-eastern Tanzania.
J Appl Entomol 1994, 118:165–171.

12. Mfune J, Kangombe F, Eiseb S: Host specificity, prevalence and intensity
of infestation of fleas (Order Siphonaptera) of small mammals at
selected sites in the city of Windhoek, Namibia. Int Sci Technol J Namibia
2013, 1:64–77.

13. Walker JB, Keirans JE, Horak IG: The Genus Rhipicephalus (Acari, Ixodidae): A
Guide to the Brown Ticks of the World. New York: Cambridge University Press;
2000.

14. Woolhouse EM, Dye C, Etard J-F, Smith T, Charlwood JD, Garnett GP, Hagan
P, Hii JLK, Ndholovu PD, Quinnell RJ, Watts CH, Chandiwana KS, Anderson
RM: Heterogeneities in the transmission of infectious agents: Implications
for the design of control programs. Proc Natl Acad Sci 1997, 94:338–342.

15. Wilson K, Bjørnstad ON, Dobson AP, Merler S, Poglayen G, Randolph SE,
Read AF, Skorping A: Heterogeneities in Macroparasite Infections:
Patterns and Processes. In Ecol Wildl Dis. Edited by Hudson PJ, Rizzoli A,
Grenfell BT, Heesterbeek H, Dobson AP. New York: Oxford University Press;
2001:6–44.

16. Marshall AG: The Ecology of Ectoparasitic Insects. London: Academic Press; 1981.
17. Krasnov BR: Life Cycles. In Funct Evol Ecol Fleas. Cambridge, UK: Cambridge

University Press; 2008:45–67.
18. Sonenshine D: Biology of Ticks. Oxford, UK: Oxford University Press; 1991.
19. Benoit JB, Denlinger DL: Meeting the challenges of on-host and off-host

water balance in blood-feeding arthropods. J Insect Physiol 2010,
56:1366–1376.



Fagir et al. Parasites & Vectors 2014, 7:366 Page 10 of 11
http://www.parasitesandvectors.com/content/7/1/366
20. Kim KC: Blood-Sucking Lice (Anoplura) of Small Mammals: True Parasites.
In Micromammals Macroparasites - From Evol Ecol to Manag. Tokyo: Springer
Verlag; 2006:141–160.

21. Moore SL, Wilson K: Parasites as a viability cost of sexual selection in
natural populations of mammals. Science 2002, 297(80):2015–2018.

22. Schalk G, Forbes MR: Male biases in parasitism of mammals: effects of
study type, host age, and parasite taxon. Oikos 1997, 78:67–74.

23. Scantlebury M, Maher McWilliams M, Marks NJ, Dick JTA, Edgar H,
Lutermann H: Effects of life-history traits on parasite load in grey
squirrels. J Zool 2010, 282:246–255.

24. Klein SL: The effects of hormones on sex differences in infection: from
genes to behavior. Neurosci Biobehav Rev 2000, 24:627–638.

25. Hughes VL, Randolph SE: Testosterone depresses innate and acquired
resistance to ticks in natural rodent hosts: a force for aggregated
distributions of parasites. J Parasitol 2001, 87:49–54.

26. Christe P, Glaizot O, Evanno G, Bruyndonckx N, Devevey G, Yannic G,
Patthey P, Maeder A, Vogel P, Arlettaz R: Host sex and ectoparasites
choice: preference for, and higher survival on female hosts. J Anim Ecol
2007, 76:703–710.

27. Matthee S, Horak IG, Beaucournu J-C, Durden LA, Ueckermann EA, McGeoch
MA: Epifaunistic arthropod parasites of the four-striped mouse,
Rhabdomys pumilio, in the Western Cape Province, South Africa.
J Parasitol 2007, 93:47–59.

28. Horak IG, Fourie LJ, Braack LEO: Small mammals as hosts of immature
ixodid ticks. Onderstepoort J Vet Res 2005, 72:255–261.

29. Fourie LJ, Horak IG, van den Heever JJ: The relative importance of rock
elephant shrews Elephantulus myurus and Namaqua rock mice
Aethomys namaquensis for economically important ticks. S Afr J Zool
1992, 27:108–114.

30. Harrison A, Bown KJ, Horak IG: Detection of Anaplasma bovis in an
undescribed tick species collected from the eastern rock sengi
Elephantulus myurus. J Parasitol 2011, 97:1012–1016.

31. Ledger JA: The Arthropod Parasites of Vertebrates in Africa South of the
Sahara. Volume IV. Phthiraptera (Insecta). Johannesburg: South African
Institute for Medical Research; 1980.

32. Skinner JD, Chimimba CT: The Mammals of the Southern African Subregion.
Cambridge, Uk: Cambridge University Press; 2005.

33. Van Maltitz EF, Kirsten F, Malebana PS, Meyer AN, Chimimba CT, Bastos ADS:
Sustainable Rodent Control for Subsistence Farmers in South Africa.
In Int Conf Rodent Biol Manag. Vietnam: Hanoi; 2006.

34. Fleming PA, Nicolson SW: Sex differences in space use, body condition
and survivorship during the breeding season in the Namaqua rock
mouse, Aethomys namaquensis. Afr Zool 2004, 39:123–132.

35. Muteka SP, Chimimba CT, Bennett NC: Reproductive seasonality in
Aethomys namaquensis (Rodentia: Muridae) from southern Africa. J
Mammal 2006, 87:67–74.

36. Zumpt F: The Arthropod Parasites of Vertebrates in Africa South of the Sahara.
Vol. III (Insecta Excl. Phthiraptera. Johannesburg: South African Institute of
Medical Research; 1966.

37. Segerman J: Siphonatera of Southern Africa: A Handbook for the Identification
of Fleas. South African Institute for Medical Research: Johannesburg; 1995.

38. Durden LA, Musser GG: The mammalian hosts of the sucking lice
(Anoplura) of the world: a host-parasite list. Bull Soc Vector Ecol 1994,
19:130–168.

39. Zumpt F: The Arthropod Parasites of Vertebrates in Africa South of the Sahara.
Vol. I (Chelicerata). Johannesburg: South African Institute of Medical
Research; 1961.

40. Theiler G: The Arthropod Parasites of Vertebrates in Africa South of the Sahara.
1962.

41. Horak IG, Lutermann H, Medger K, Apanaskevich DA, Matthee CA: Natural
hosts of the larvae of Nuttalliella sp. (N. namaqua?) (Acari:
Nuttalliellidae). Onderstepoort J Vet Res 2012, 79:405.

42. Lewis BD, Penzhorn BL, Lopez-Rebollar LM, De Waal DT: Isolation of a
South African vector-specific strain of Babesia canis. Vet Parasitol 1996,
63:9–16.

43. Fourie LJ, Horak IG, Marais L: An undescribed Rhipicephalus species
associated with field paralysis of Angora goats. J S Afr Vet Assoc 1988,
59:47–49.

44. Brettschneider H, Bennett NC, Chimimba CT, Bastos ADS: Bartonellae of
the Namaqua rock mouse, Micaelamys namaquensis (Rodentia: Muridae)
from South Africa. Vet Microbiol 2012, 157:132–136.
45. Pretorius A-M, Beati L, Birtles RJ: Diversity of bartonellae associated with
small mammals inhabiting Free State province, South Africa. Int J Syst
Evol Microbiol 2004, 54:1959–1967.

46. Krantz GW, Walter ED: A Manual of Acarology. 3rd edition. Lubbock: Texas
Tech University Press; 2009.

47. Apanaskevich DA, Horak IG, Camicas JL: Redescription of Haemaphysalis
(Rhipistoma) elliptica (Koch, 1844), an old taxon of the Haemaphysalis
(Rhipistoma) leachi group from East and southern Africa, and of
Haemaphysalis (Rhipistoma) leachi (Audouin, 1826) (Ixodida, Ixodidae).
Onderstepoort J Vet Res 2007, 74:181–208.

48. Bush AO, Lafferty KD, Lotz JM, Shostak AW: Parasitology meets
ecology on its own terms: Margolis et al. revisited. J Parasitol 1997,
83:575–583.

49. Braack LEO, Horak IG, Jordaan LC, Segerman J, Louw JP: The comparative
host status of red veld rats (Aethomys chrysophilus) and bushveld
gerbils (Tatera leucogaster) for epifaunal arthropods in the southern
Kruger National Park, South Africa. Onderstepoort J Vet Res 1996,
63:149–158.

50. Fourie LJ, Du Toit JS, Kok DJ, Horak IG: Arthropod parasites of elephant-
shrews, with particular reference to ticks. Mamm Rev 1995, 25:31–37.

51. Beaucournu J-C, Horak IG, Fourie LJ: Fleas of elephant shrews (Mammalia,
Macroscelididae), and a new host and locality record for Macroscelidopsylla
albertyni De Meillon & Marcus, 1958 (Siphonaptera, Chimaeropsyllidae).
Onderstepoort J Vet Res 2003, 70:251–253.

52. Shatrov AB, Kudryashova NI: Taxonomy, Life Cycles and the Origin of
Parasitism in Trombiculid Mites. In Micromammals Macroparasites - From
Evol Ecol to Manag. Edited by Morand S, Krasnov BR, Poulin R. Tokyo:
Springer Verlag; 2006:119–140.

53. Matthee S, Ueckermann E: Ectoparasites of rodents in Southern Africa:
a new species of Androlaelaps Berlese, 1903 (Acari: Parasitiformes:
Laelapidae) from Rhabdomys pumilio (Sparrman) (Rodentia: Muridae).
Syst Parasitol 2008, 70:185–190.

54. Herrin CS, Tipton VJ: A systematic revision of the genus Laelaps s. str.
(Acari: Mesostigmata) of the Ethiopian region. Gt Basin Nat 1976,
36:113–205.

55. Harrison A, Bastos ADS, Medger K, Bennett NC: Eastern rock sengis as
reservoir hosts of Anaplasma bovis in South Africa. Ticks Tick Borne Dis
2013, 4:503–505.

56. Spickett AM, Heyne IH, Williams R: Survey of the livestock ticks of the
North West province, South Africa. Onderstepoort J Vet Res 2011, 78:1–12.

57. Bitam I: Vectors of rickettsia in Africa. Ticks Tick Borne Dis 2012, 3:381–385.
58. Harrison A, Robb GN, Bennett NC, Horak IG: Differential feeding success of

two paralysis-inducing ticks, Rhipicephalus warburtoni and Ixodes
rubicundus on sympatric small mammal species, Elephantulus myurus
and Micaelamys namaquensis. Vet Parasitol 2012, 188:346–354.

59. Fagir DM, Horak IG, Ueckermann EA, Bennett NC, Lutermann H:
Ectoparasite diversity in the eastern rock sengis (Elephantulus
myurus): The effect of seasonality and host sex. African Zool. in press.

60. Horak IG: Ixodid ticks collected at the Faculty of Veterinary Science,
Onderstepoort, from dogs diagnosed with Babesia canis infection.
Tydskr S Afr Vet Ver 1995, 66:170–171.

61. Mccauley DJ, Keesing F, Young T, Dittmar K: Effects of the removal of
large herbivores on fleas of small mammals. J Vector Ecol 2008,
33:263–268.

62. Young HS, Dirzo R, Helgen KM, McCauley DJ, Billeter S, Kosoy MY, Osikowicz
LM, Salkeld DJ, Young TP, Dittmar K: Declines in large wildlife increase
landscape-level prevalence of rodent-borne disease in Africa. Proc Natl
Acad Sci U S A 2014, 111:7036–7041.

63. Keesing F, Brunner J, Duerr S, Killilea M, Logiudice K, Schmidt K, Vuong H,
Ostfeld RS: Hosts as ecological traps for the vector of Lyme disease.
Proc R Soc B 2009, 276:3911–3919.

64. Brunner JL, Ostfeld RS: Multiple causes of variable tick burdens on
small-mammal hosts. Ecology 2008, 89:2259–2272.

65. Calabrese JM, Brunner JL, Ostfeld RS: Partitioning the aggregation of
parasites on hosts into intrinsic and extrinsic components via an
extended Poisson-gamma mixture model. PLoS One 2011, 6:e29215.

66. Archer EK, Bennett NC, Ueckermann EA, Lutermann H: Ectoparasite
burdens of the common mole-rat (Cryptomys hottentotus hottentotus)
from the Cape Provinces of South Africa. J Parasitol 2014, 100:79–84.

67. Kiffner C, Stanko M, Morand S, Khokhlova IS, Shenbrot GI, Laudisoit A,
Leirs H, Hawlena H, Krasnov BR: Sex-biased parasitism is not universal:



Fagir et al. Parasites & Vectors 2014, 7:366 Page 11 of 11
http://www.parasitesandvectors.com/content/7/1/366
evidence from rodent-flea associations from three biomes.
Oecologia 2013, 173:1009–1022.

68. Hawlena H, Abramsky Z, Krasnov BR: Age-biased parasitism and
density-dependent distribution of fleas (Siphonaptera) on a desert
rodent. Oecologia 2005, 146:200–208.

69. Hawlena H, Abramsky Z, Krasnov BR: Ectoparasites and age-dependent
survival in a desert rodent. Oecologia 2006, 148:30–39.

doi:10.1186/1756-3305-7-366
Cite this article as: Fagir et al.: The Namaqua rock mouse (Micaelamys
namaquensis) as a potential reservoir and host of arthropod vectors
of diseases of medical and veterinary importance in South Africa.
Parasites & Vectors 2014 7:366.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


