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Eight species of ectoparasites were collected during 225 gray mouse lemur,Microcebus murinus (J. F.
Miller), captures, in Ankarafantsika National Park, Madagascar, in 2010–2011. The ixodid tick,

Haemaphysalis lemuris Hoogstraal, was the most common ectoparasite and was mostly represented
by nymphs. Other ectoparasites recorded include the polyplacid sucking louse, Lemurpediculus
madagascariensisDurden, Kessler, Radespiel, Zimmermann, Hasiniaina, and Zohdy; the ixodid tick,

Haemaphysalis simplex Neumann; an undescribed laelapid mite in the genus Aetholaelaps; another
laelapid belonging to the genus Androlaelaps; the chigger mite Schoutedenichia microcebi Stekolnikov;
an undescribed species of atopomelid mite in the genus Listrophoroides; and an undescribed species of
psoroptid mite in the genus Cheirogalalges. Except for the 2 species of ticks and 1 species of chigger,

these ectoparasites may be host-specific to M. murinus. Total tick (H. lemuris and H. simplex)
infestation was significantly greater in August than October, whereas louse (L. madagascariensis)
infestation was significantly greater in October. There was no significant difference in tick infestations

between male and female lemurs, but male lemurs had significantly more lice than female lemurs.
Reproductive status was not a significant predictor of tick infestation in males and females.

Mouse and dwarf lemurs (family Cheirogaleidae) endemic to

Madagascar are among the smallest primates in the world

(Zimmermann and Radespiel, 2014; Lehman et al., 2016; Zohdy

and Durden, 2016). Ectoparasites of cheirogaleid lemurs are

inadequately known (Blanco et al., 2013; Zohdy and Durden,

2016; Durden et al., 2017), but significant efforts are being made

to document this fauna. For example, Fain (1976) described

several species of listrophoroid fur mites from cheirogaleids;

Blanco et al. (2013) documented ticks, notably Ixodes lemuris

Arthur and Haemaphysalis lemuris Hoogstraal, parasitizing

mouse and dwarf lemurs; Durden et al. (2010, 2017, 2018)

described sucking lice from mouse and dwarf lemurs; and

Stekolnikov et al. (2019) described a new species of chigger from

a mouse lemur. Ecological studies and host relationships between

cheirogaleids and their ectoparasites have also been completed,

for example, by Zohdy et al. (2012, 2017), Klein et al. (2018), and

Kiene et al. (2020). In addition, Zohdy and Durden (2016)

provided a review of ectoparasites associated with cheirogaleid

lemurs; OConnor (2003) reviewed parasitic and commensal mites

of vertebrates, including dwarf and mouse lemurs in Madagascar;

and Klompen (2003) reviewed the Malagasy tick fauna. Never-

theless, ectoparasites of just a few of the more than 30 species of

mouse and dwarf lemurs have been studied to date. In this paper,

we document the ectoparasite fauna of one of these species, the

gray mouse lemur, Microcebus murinus (Miller), in Ankarafantsi-

ka National Park in northwestern Madagascar. We further

evaluate this fauna for seasonality and host characteristics (sex

and reproductive status).

MATERIALS AND METHODS

Gray mouse lemurs (Fig. 1) were trapped and individually

marked with microchips in Ankarafantsika National Park,

Madagascar, in the research area Jardin Botanique A using

Sherman Live Traps (H. B. Sherman Traps, Inc., Tallahassee,

Florida) baited with banana during the dry seasons in 2010 and
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2011. Traps were set approximately 3 nights per month (June–

November, 2010, and May–November, 2011). Lemurs were

removed from traps, and sex, mass, morphometric measurements,

and reproductive status were recorded. Male testicles were

measured with calipers and recorded as ‘‘small’’ if they were not

big enough to measure (i.e., in the nonbreeding season). Lemurs

were examined for ectoparasites on their face, ears, tail, back, and

thighs. Fur was parted down to the skin on the back (along the

spine) and thighs (hip to knee). This revealed parasites that using

an ectoparasite comb did not. We collected all ticks, but sampled

other ectoparasites, preserving all specimens in 90% ethanol. For

lice, minimum counts were compared across host individuals.

Many lemurs were trapped repeatedly, even within the same

month. To reduce stress to the lemurs, we inspected each trapped

lemur only once per month for ectoparasites (usually the first time

it was trapped per month) and generally did not remove the lemur

from the trap during subsequent captures within the same month.

All lemurs were fed banana and released at their capture

locations after data collection was complete. This study received

ethical approval from the Institutional Animal Care and Use

Committee of Arizona State University (Protocol: 10-1077R) and

received research permissions from Madagascar National Parks

(N101/11/MEF/SG/DGF/ DCB.SAP/SCB, N102/11/MEF/SG/

DGF/DCB.SA/SCB).

Minimum prevalences (percentage of lemurs infested) and

mean intensities (mean number per infested host) (Bush et al.,

1997) for each species of ectoparasite were calculated (Table I).

Based on morphology, ticks were identified using Uilenberg et al.

(1979), lice were identified using Durden et al. (2018), and

chiggers using Stekolnikov et al. (2019). Laelapid mites were

forwarded to another researcher for determinations. Slide-

mounted specimens and scanning electron micrographs of

atopomelid fur mites were compared with illustrations and

descriptions in Fain (1976). The single psoroptid mite collected

was slide-mounted and compared with illustrations and descrip-

tions in Fain (1966). Voucher ectoparasite specimens are

deposited in the U.S. National Museum of Natural History,

Smithsonian Institution (Department of Entomology), Washing-

ton, D.C. (accession numbers: USNMENT 00981907-00981909),

Zoological Institute of the Russian Academy of Sciences, St.

Petersburg, Russia (Laboratory of Parasitic Arthropods, Collec-

tion of Trombiculidae, accession numbers ZIN 10987–11057),

and the General Ectoparasite Collection at Georgia Southern

University, Statesboro, Georgia. Lemur taxonomy and common

names used in this paper follow Groves (2005) and Hotaling et al.

(2016).

The relationship between total tick (H. lemuris and Haema-

physalis simplex Neumann) and louse (Lemurpediculus madagas-

cariensis Durden, Kessler, Radespiel, Zimmermann, Hasiniaina,

and Zohdy) counts as response variables with host characteristics

including sex and season (month) as dependent variables were

examined. Generalized linear mixed models (GLMMs) with

Poisson distributions were used to investigate the effect of sex

and month on total tick and louse counts. Individual lemur

identification was used as a random effect to account for

pseudoreplication from repeated sampling of individuals. Given

the large number of zeroes reported for louse counts, zero-inflated

Poisson distributions were used to perform the GLMMs in these

models. Poisson GLMMs and zero-inflated Poisson GLMMs

were performed with the lme4 (Bates et al., 2015) and

GLMMadaptive packages (Rizopoulos, 2020), respectively, using

R version 3.5.2. Model selection was performed using corrected

Akaike’s information criteria (AICc) (Hurvich and Tsai, 1989)

using the MuMIn package (Bartoń, 2019).

In a separate analysis, the effect of reproductive status (estrus/

anestrus and large/small testes) on total tick infestation was

evaluated in separate univariable models after subsetting the data

by sex of the lemur and evaluated in separate univariable models.

This analysis was not performed on lice counts due to the small

sample size. Other ectoparasites were not statistically evaluated

due to the smaller numbers recorded or lower numbers of infested

hosts, and tick species were not evaluated separately because H.

simplex was only recorded from 2 mouse lemurs.

RESULTS

A total of 103 M. murinus individuals, representing 225 lemur

captures, were examined for ectoparasites (Table I). Eight species

of ectoparasites were collected, including 1 species of sucking

Figure 1. Gray mouse lemur (Microcebus murinus) host photovoucher
from the study site in Ankarafantsika National Park, Madagascar, with
tick feeding lesion (arrow) visible on ear. The object on the nose is a leaf.
The yellow in the eyes is eye shine due to the camera flash. Photograph by
S. E. Kessler. Color version available online.
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louse belonging to the polyplacid genus Lemurpediculus, 2 species

of ixodid ticks both belonging to the genus Haemaphysalis, 2

species of laelapid mites belonging to the genera Aetholaelaps and

Androlaelaps, respectively, 1 species of chigger (family Trombi-

culidae) belonging to the genus Schoutedenichia, 1 species of

atopomelid fur mite belonging to the genus Listrophoroides

(subgenus Lemurlistrophoroides), and 1 species of psoroptid mite

belonging to the genus Cheirogalalges (Table I). The tick, H.

lemuris (321 specimens), mainly represented by nymphs, infested

more lemurs than any other ectoparasite, whereas the psoroptid

mite Cheirogalalges sp. was represented by just 1 specimen (Table

I). Three of the ectoparasitic mites represented undescribed

species, and a fourth species may also be undescribed.

In models evaluating the effect of host sex on louse and tick

counts, there was no significant difference in tick infestation

between male and female lemurs (P ¼ 0.846), but, based on

minimum counts, infested male mouse lemurs had 3.31 times as

many lice as infested females (P ¼ 0.0013). With respect to

seasonality, there were 0.31 times as many total ticks in October

as in August (P ¼ 3.19e�10), and lemurs had 22 times as many

total lice in October as they did in August (P¼ 6.87e�05) (Table
II). For ticks, the AIC model with month only was the best model

(75.5% model weight), and for lice, the multivariate model with

month and sex was the best model according to AICc (98.7%

model weight) (Table III). In the evaluation of lemur reproductive

status on tick abundance, neither testes size (P¼0.578) nor female

reproductive status (P¼ 0.964) were significant predictors of tick

counts.

DISCUSSION

At least 5 of the 8 species of ectoparasites recorded during this

study were undescribed when they were collected. It has not yet

been determined whether the Androlaelaps sp. mite represents a

new species. The polyplacid sucking louse L. madagascariensis

was described by Durden et al. (2018), and the chigger

Schoutedenichia microcebi Stekolnikov was described in Stekolni-

kov et al. (2019). Except for the ticks and chigger, these

ectoparasites may be host-specific associates of M. murinus. This

large number of new species underlines the likelihood that

undocumented high ectoparasite biodiversity is associated with

other species of dwarf and mouse lemurs.

The sucking louse L. madagascariensis was the only species of

ectoparasitic insect we recorded. Four species of Lemurpediculus

have been described from 4 different species of cheirogaleid

lemurs (and a fifth species has been described from a lepilemurid

lemur) demonstrating high host specificity, which is widespread

among sucking lice in general (Durden and Musser, 1994).

Nevertheless, Klein et al. (2018) have reported some genetic and

morphological variation in Lemurpediculus sucking lice collected

from 2 species of mouse lemurs. Sucking lice are obligate

hematophages but rarely occur in large numbers on healthy

individual hosts (Durden, 2001) and are therefore not typically

Table I. Ectoparasites collected during 225 gray mouse lemur captures, Ankarafantsika National Park, Madagascar, 2010–2011.

Ectoparasites No. recorded* Prevalence (%)* Mean intensity*

Insecta: Phthiraptera: Polyplacidae

Lemurpediculus madagascariensis 7M, 8F, 74N* 17 2.2

Acari: Ixodidae

Haemaphysalis lemuris 2M, 7F, 298N, 14L* 70 2.0

Haemaphysalis simplex 2N 1 1.0

Acari: Laelapidae

Aetholaelaps n. sp. 17F 2 3.4

Androlaelaps sp. 3F 1 1.5

Acari: Trombiculidae

Schoutedenichia microcebi 207L 12 9.3

Acari: Atopomelidae

Listrophoroides n. sp. 272 15 8.0

Acari: Psoroptidae

Cheirogalalges n. sp. 1M 0.4 1.0

* M, males; F, females; N, nymphs; L, larvae; Prevalence, percentage of animals examined that were infested; Mean Intensity, mean per infested animal;
following Bush et al. (1997). Except for ticks, for which all specimens were collected, these figures show minimum prevalences and mean intensities,
since other ectoparasites were sampled. Not all specimens of Listrophoroides n. sp. were identified to sex or stage, so a total number for all specimens of
that species is given.

Table II. Coefficients and relevant statistics for each top model for host
characteristics and seasonal effects on tick and louse infestation in gray
mouse lemurs (Microcebus murinus) in Northwestern Madagascar. The
female subset model is not shown here because the null model was the best
fit according to AICc.

Coefficient Estimate SE* z P

log (tick count) ¼ b0 þ bmonth þ eID
b0 1.28 0.12 10.57 ,2e�16
bmonth† �1.18 0.19 �6.29 3.19e�10

log (louse count) ¼ b0 þ bsex þ bmonth þ eID
b0 �3.64 0.78 �4.67 ,1e�04
bsex‡ 1.20 0.37 3.21 0.0013

bmonth† 3.09 0.73 4.23 ,1e�04
Male subset: log (tick count) ¼ b0 þ btestes size þ eID

b0 0.89 0.64 1.39 0.165

blarge testes 0.33 0.65 �0.51 0.612

bsmall testes �0.37 0.66 �0.56 0.578

* SE ¼ standard error, b¼ fixed effects, b0 ¼ intercept. Fixed coefficients
with P , 0.05 in bold type.

† Statistics shown for comparison between the months of October and
August.

‡ Statistics shown for male versus female comparison.
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considered to cause significant blood loss. Because of their

hematophagous lifestyle, a few species of sucking lice are known

vectors of pathogens or parasites, notably including the body

louse, Pediculus humanus humanus Linnaeus of humans (Durden,

2019), but no pathogens or parasites are currently known to be

transmitted to lemurs by sucking lice. Ehlers et al. (2020) reported

the detection of the zoonotic pathogenic bacterium Rickettsia

africaeKelly, Beati, Mason, Matthewson, Roux, and Raoult from

Lemurpediculus lice collected from mouse lemurs in Madagascar,

but controlled transmission trials would be needed to establish

these lice as vectors.

The 2 species of ticks recorded represent well-known Malagasy

taxa, one of which (H. lemuris) has previously been reported to

parasitize several species of lemurs (Uilenberg et al., 1979;

Rodriguez et al., 2012; Blanco et al., 2013; Klompen et al.,

2015; Zohdy and Durden, 2016). The other species, H. simplex,

parasitizes several native Malagasy mammals (there is also a

record from a bird), especially tenrecs, mainly as adult ticks, but

immature stages such as the 2 nymphs of this species that we

recorded have less host specificity (Uilenberg et al., 1979). Ticks

are hematophages, and many species are well-known vectors of

pathogens and parasites including viruses, bacteria, protozoans,

and filarial nematodes (Uilenberg et al., 1979). However, ticks are

not currently known to transmit any of these agents to

cheirogaleid lemurs. Klein et al. (2018) stated that the haema-

physaline ticks they collected from 2 species of mouse lemurs did

not genetically match H. lemuris or any other described species

and used the manuscript name ‘‘Haemaphysalis microcebi’’ for

these ticks.

The laelapid mites Aetholaelaps n. sp. and Androlaelaps sp. are

relatively large hematophagous mites, and we recorded only

females of these species (Table I). Finding mostly females of

parasitic or epifaunistic laelapids on mammals is fairly typical,

since all stages mostly reside in the host nest, but females more

frequently access the host for blood-feeding (Radovsky, 1985).

The other known species of Aetholaelaps are Aetholaelaps sylstrai

Standtmann and Camin and Aetholaelaps trilyssa Domrow and

Taufflieb, which both parasitize larger lemurs, Eulemur mongoz

(Linnaeus) (mongoose lemur) belonging to the family Lemuridae

and Lepilemur sp. (sportive lemurs and weasel lemur) in the family

Lepilemuridae (OConnor, 2003), respectively. Aetholaelaps spp.

mites are not known to be vectors of pathogens or parasites.

Schoutedenichia microcebi is the only species of chigger known

to parasitize lemurs (Stekolnikov et al., 2019). This ectoparasite

may cause irritation and itching to mouse lemurs, but it is not

known to be a vector of pathogens or parasites. Three additional

species of Schoutedenichia are currently known from Madagascar,

Schoutedenichia gigantica Vercammen-Grandjean and Watkins

described from Rattus rattus (Linnaeus) (roof rat) (synonym:

Rattus alexandrinus); Schoutedenichia tiptoni Vercammen-Grand-

jean and Watkins described from the same host and also from

Hemicentetes semispinosus (Cuvier) (lowland streaked tenrec) and

Microgale sp. (shrew tenrecs); and Schoutedenichia subterranea

Stekolnikov and Fain described from Oryzorictes hovaGrandidier

(mole-like rice tenrec) (synonym: Oryzorictes talpoides) (Stekolni-

kov and Fain, 2004), and the genus also occurs on mainland

Africa and in many other regions in the Old World (OConnor,

2003; Stekolnikov et al., 2019).

The atopomelid mite Listrophoroides (Lemurlistrophoroides) n.

sp. was common on M. murinus (Table I). Like its congeners, this

small, elongate fur mite aligns itself along host hair shafts,

grasping a hair with coxal striations on its anterior legs, and

consumes sebaceous materials, causing little or no damage to the

hairs or the host (OConnor, 2009). Fain (1976) described 5 species

of Listrophoroides (Lemurlistrophoroides) from dwarf lemurs in

the genus Cheirogaleus but, unfortunately, he did not list the host

species (Bochkov, 2010). Our data show that at least 1 species of

atopomelid belonging to this genus and subgenus parasitizes a

cheirogaleid belonging to another host genus (Microcebus).

The psoroptid mite, Cheirogalalges sp., belongs to a group of

mange and scab-causing mites that live on the host skin surface,

often around the ears and at the bases of hairs, but they can also

burrow into the surrounding tissue (OConnor, 2009). This may

explain why only 1 damaged specimen was collected. One other

species in this genus is known, Cheirogalalges evansi Fain, which

has been recorded to parasitize both Cheirogaleus medius

Geoffroy (lesser dwarf lemur) and Cheirogaleus major Geoffroy

(greater dwarf lemur) as documented by Fain (1966), OConnor

(2003), Bochkov and OConnor (2006), and Bochkov (2010).

Male mammals are often parasitized by more ectoparasites

than conspecific females for various reasons, including higher

testosterone (an immunosuppressant) levels, more contacts with

other hosts (aggressive contacts mostly with other males or

breeding contacts with females), and larger home ranges that are

typical for males (Hughes and Randolph, 2001; Krasnov et al.,

2005, 2012; Matthee et al., 2010; Waterman et al., 2014). Many

ectoparasites, such as sucking lice and fur and skin mites, are

transmitted directly from host to host through physical contacts,

but other ectoparasites such as ticks and larval chiggers quest for

hosts from the environment. More host contacts would promote

the acquisition of ectoparasites in the former category, whereas

larger home ranges (for male hosts) would promote the

acquisition of ectoparasites in the latter category.

Table III. Models for tick and louse infestation of gray mouse lemurs
(Microcebus murinus) in northwestern Madagascar according to host sex
and season (month). Models are ordered from lowest to highest AICc
(corrected Akaike’s Information Criterion).

Models logLik* AICc DAICc wi

Overall tick models

b0 þ bmonth þ eID �295.57 608.2 0.00 0.755

b0 þ bsex þ bmonth þ eID �295.55 610.5 2.25 0.245

b0 þ eID �326.18 656.4 48.20 0.000

b0 þ bsex þ eID �326.14 658.5 50.20 0.000

Overall louse models

b0 þ bsex þ bmonth þ eID �96.82 217.1 0.000 0.987

b0 þ bmonth þ eID �103.51 225.8 8.7117 0.013

b0 þ bsex þ eID �126.92 262.4 45.333 0.000

b0 þ eID �131.61 269.55 52.472 0.000

Tick subset models

Male subset:

b0 þ btestes size þ eID �215.14 438.7 0.00 1.000

b0 þ eID �225.05 454.2 15.49 0.000

Female subset:

b0 þ eID �99.30 202.9 0.00 0.866

b0 þ boestrus/anoestrus þ eID �98.83 206.6 3.73 0.134

* logLik ¼ log likelihood, wi ¼ model weights, b ¼ fixed effects, b0 ¼
intercept, eID¼ random effect term for lemur ID.
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Gray mouse lemurs have dispersed social systems in which

individuals forage solitarily in overlapping home ranges (Rade-

spiel, 2000). Female gray mouse lemurs are generally more social

in their sleeping site usage than males (Radespiel et al., 1998), co-

sleeping with female kin (Radespiel et al., 2001; Eberle and

Kappeler, 2006). The males typically sleep alone (Radespiel et al.,

1998, 2001) but have larger home ranges than females (Radespiel,

2000). Gray mouse lemurs are highly seasonal breeders, in which

male testicles dramatically increase in size for the breeding season

(starting in September) (Fietz, 1999; Evasoa et al., 2018). Males

are thought to compete for estrous females primarily by scramble

competition but can also aggressively compete for access to

females (Radespiel et al., 2001; Eberle and Kappeler, 2002, 2004),

making the breeding season a time of frequent social contacts for

males.

Therefore, our findings of significantly more sucking lice (L.

madagascariensis) on male hosts are not surprising. The presence

of significantly more lice on males compared with females for

another mouse lemur, Microcebus rufus Geoffroy (eastern rufous

mouse lemur), has also been reported (Zohdy et al., 2017).

Similarly, monthly patterns of louse infestation increasing from

August (pre-breeding) to October (mating season) were also

found in M. rufus (Zohdy et al., 2012, 2017). No host sex

differences in tick infestation were found in this study for M.

murinus or in the Zohdy et al. (2017) study for M. rufus,

suggesting differential host-ectoparasite dynamics between ticks

and lice (ticks quest for hosts from the environment, whereas

sucking lice are typically transmitted via direct host contact).

Zohdy et al. (2012) found significantly more Lemurpediculus

lice on males than on females of M. rufus, and reported

infestation peaks during the breeding season with all develop-

mental stages of the lice being found on male testes. For M.

murinus in the present study, significantly more lice were also

found during the mating season. Since mouse lemurs are seasonal

breeders and testicular volume increases before the breeding

period and then recesses during the rest of the year, the

association between mating season and louse infestation may be

due to an increase in testosterone during the mating period,

suppressing immunity and making males more vulnerable to

infestation. As otherwise solitary animals, the mating period for

mouse lemurs is also a time when male–male competition or

mating bouts may facilitate host–host contact and transmission of

ectoparasites, such as lice, between hosts.

Male vertebrates often have more parasites than females, and

one explanation is that the testosterone that drives mating

strategies acts as an immunosuppressant. This trend appears to

be especially consistent with ectoparasites when compared with

other parasites (Schalk and Forbes, 1997; Krasnov et al., 2012;

Waterman et al., 2014). Lemurs are unique models for testing this

hypothesis because they are sexually monomorphic and female-

dominant primates. Zohdy et al. (2017) found that male and

female M. rufus had comparable fecal testosterone levels. Despite

this similarity in testosterone levels, males still had significantly

more lice, but not other ectoparasites. Instead, the increase in lice

was associated with an increase in the immunosuppressant stress

hormone, cortisol. Klein et al. (2018) did not find host sex

differences for M. murinus with respect to ectoparasite infesta-

tions. Following future descriptions of ectoparasites from lemurs,

further work examining sex differences in ectoparasitism may

reveal a deeper understanding of the ecological drivers of parasite

dynamics in wild lemur populations.

The impressive number of unique and mostly host-specific

ectoparasite species collected from M. murinus during this study

suggests that additional undescribed ectoparasite species are

associated with other species of lemurs, including dwarf and

mouse lemurs. Future research should assess the biodiversity,

systematics, and vectorial potential of ectoparasites of mouse and

dwarf lemurs, particularly in light of the threatened or endan-

gered status of many of these primates. Some authors have

advocated co-conserving unique host-specific parasites of vulner-

able hosts (e.g., Durden and Keirans, 1996; Whiteman and

Parker, 2005; Dunn et al., 2009; Kiene et al., 2020), especially if

they are not vectors of parasites or pathogens. We agree with that

strategy and recommend that wild lemurs should not be treated

with parasiticides unless deemed necessary, perhaps on an

individual basis.
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