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1. Introduction

ABSTRACT

Introduced pets released in natura can lead to sanitary risks for native fauna and humans.
We analysed the macroparasite fauna of a total of 49 Pallas’s squirrels, Callosciurus ery-
thraeus, from two populations introduced into urbanised areas in Europe (n=16 ¢ and
13 & from Antibes, France, 43°33'N-7°7’E; n=11 ¢ and 9 & in from Dadizele, Belgium,
50°52'N-3°5’E). Of the 185 identified ectoparasites from Antibes, 183 were sucking lice
Enderleinellus kumadai, with male squirrels 10 times more intensely infested than females.
The flea Nosopsyllus fasciatus was found on two hosts. No hard ticks were recovered. Of
the 131 arthropods specimens from Dadizele, 45 belonged to E. kumadai, with male squir-
rels three times more intensely infested than females. Eighty-six arthropods belonged to
another sucking louse, Hoplopleura erismata, with males infested twice as intensely as
females. No fleas or hard ticks were found. We only found 12 immature Hymenolepis sp.
cestodes in the small intestine of three squirrels from Antibes and two immature Mastopho-
rus sp. female nematodes in the stomach of a squirrel from Dadizele. We found no other
helminths in the body cavity, heart, lung, liver, kidney or bladder. The macroparasite fauna
of these two squirrel populations is consistent with what is expected from an introduced
host, i.e., a few species dominated by specialist taxa imported with founders. The scarcity
of other rodent species in the urbanised areas where Pallas’s squirrels were sampled may
explain the low variety of newly acquired macroparasites. The discrepancy in sucking lice
infestations between males and females could be due to differences in either behaviour or
physiology in this non-sexually dimorphic host. Based on the macroparasites found in this
study, we expect minimal sanitary risks for both native fauna and humans in urbanised
habitats such as those in our study.

© 2010 Elsevier B.V. All rights reserved.

host species (Asakawa, 2005; Smith and Carpenter, 2006;
Bordes et al., 2007). There is also an increase in sanitary

Imported pets carry parasites from their native area
(Ide et al., 2000; Yokoyama et al., 2003; Pisanu et al.,
2007; Beaucournu et al., 2008; Hasegawa et al., 2008). If
released, introduced hosts can transfer parasites to native

* Corresponding author. Tel.: +33 140 79 32 63.
E-mail address: chapuis@mnhn.fr (J.-L. Chapuis).

0304-4017/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.vetpar.2010.04.021

risks to humans because these pets may be more sus-
ceptible to becoming infected by pathogens through the
acquisition of local vector-borne arthropods (Irwin, 2002;
Beugnet and Marié, 2009). This risk has been identified
for introduced squirrels (Craine et al., 1995; Shinozaki
et al, 2004; Vourc’h et al., 2007; Pisanu et al., 2010).
Additionally, these alien hosts can acquire new parasites
originating from native hosts (Torchin and Mitchell, 2004;
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Asakawa, 2005; Pisanu et al.,, 2008, 2009). These newly
acquired parasite species are often characterized by the
ability of developing in a wide array of hosts, or when intro-
duced hosts are phylogenetically close to native cohabiting
host species (Asakawa, 2005; Tompkins and Poulin, 2006;
Pisanu et al., 2009).

The Pallas’s squirrel, Callosciurus erythraeus, is native
to South-eastern Asia (Duckworth et al.,, 2008). It was
introduced in the late 1960s (J.-M. Gourreau, personal com-
munication) or before 1974 according to Jouanin (1986,
1992; see also Gerriet, 2009) to Cap d’Antibes (Alpes-
Maritimes, France). It was introduced in the early 2000s
to Dadizele (Belgium; Stuyck, 2009). These populations are
two of the three known ones that have been established
in Western Europe; there is also a small population in the
Netherlands (Dijkstra et al.,2009). The origin of these popu-
lations and the number of founders are unknown. However,
the Belgian and French populations probably originated
from a single introduction event.

We studied the macroparasite species of the French and
Belgian populations of Pallas’s squirrel to evaluate the san-
itary hazards to native fauna and humans from imported
or newly acquired taxa (Shinozaki et al., 2004; Vourc’h
et al., 2007; Pisanu et al.,, 2010). We expect the para-
sitic population, including Arthropods and Helminths, to
be made up by two groups of parasites: (1) specialist taxa
imported with founder hosts, and (2) local generalist par-
asites.

2. Materials and methods

We studied 49 Pallas’s squirrels: 20 individuals col-
lected in an urban park in Dadizele (Flanders, Belgium,
50°51’'N-3°5’E) during an eradication attempt in February
until April 2008 (Stuyck, 2009); 29 squirrels from Alpes-
Maritimes (France); 27 from the park of the Villa Thuret
(Antibes, 43°34’N-7°7'E) between February and June 2009;
and two from the Bois des Encourdoules (Vallauris, 6 km
Northwest, 43°35'N, 7°3’E), one in March and one in June
2009. Belgian specimens were live-trapped, euthanised
and entire carcasses were kept frozen at —20°C. French
specimens were live-trapped, euthanised and eviscerated
in the field. The gut, from oesophagus to rectum, was stored
in 70% ethanol and carcasses were then immediately frozen
at —20°Cinindividual plastic bags for later examination of
ectoparasites. Bodies were weighed (with viscera) to the
nearest gram, and we measured head-body, tail and hind
foot lengths (Berry, 1970) to the nearest millimetre.

We examined the entire body for the presence of
ectoparasites using a stereo-microscope. We also exam-
ined the abdominal cavity, heart, lungs, liver, kidneys
and bladder for internal helminths. Lumen and walls
from oesophagus to rectum were examined for intestinal
helminths. Specimen identifications refer to the follow-
ing: the cestode family Hymenolepididae Ariola, 1899 to
Czaplinski and Vaucher (1994); the nematode sub-family
Mastophorinae Quentin, 1971 to Quentin (1971a, 1971b);
the sucking lice family Enderleinellidae (Ewing, 1929)
and the family Hoplopleuridae (Ewing, 1929) to Kim and
Ludwig (1978); and, at the species level, to Kaneko (1954)
and to Johnson (1959).

Because of unequal sample sizes, we compared differ-
ences in macroparasite prevalence between sexes using
the Fisher exact test and we determined mean intensities
using Mood’s median test with Quantitative Parasitol-
ogy 3.0 software (Rdzsa et al., 2000; Reiczigel and Rézsa,
2005). We compared male and female host biometrics with
Mann-Whitney’s median test (Siegel and Castellan, 1988)
in R 2.8.1 (R Development Core Team, 2008).

3. Results

We found two species of sucking lice in the Dadizele
population of Pallas’s squirrels (Table 1): 86 specimens (48
9, 32 ¢ and 6 nymphs) of Hoplopleura erismata (Johnson,
1959) on 14 hosts, and 45 specimens (18 ¢, 11 & and 16
nymphs) of Enderleinellus kumadai (Kaneko, 1954) on 10
hosts. More male squirrels were infested by H. erismata
(Prisher =0.01) than females, without differences in lice bur-
den between sexes (Ppjooq =0.30). Also, males harboured
more E. kumadai (Pyjooq =0.05) than females, without dif-
ferences in prevalence (Pgisher=0.37). Additionally, we
found two immature females of a Mastophorus sp. nema-
tode in the stomach lumen of one squirrel.

One species dominated the macroparasite fauna of the
29 Pallas’s squirrel that we examined from the Antibes pop-
ulation (Table 1): 183 specimens of E. kumadai (113 ¢, 62 &
and 8 nymphs) were found on 16 hosts. More male squir-
rels were infected (Pgisher <0.01), with a larger number of
sucking lice (Pyjooq = 0.03), than females. We found a Nosop-
syllus fasciatus (Bosc d’Antic, 1800) flea on two squirrels.
We also found twelve incomplete and immature specimens
of a Hymenolepis cestode (Weinland, 1858) in the small
intestine of three squirrels from Villa Thuret.

We found no other macroparasites in the digestive tract,
heart, lung, liver, kidneys, bladder, or body cavity of these
49 hosts.

Male and female Palla’s squirrels from Dadizele and Cap
d’Antibes had the same morphometry; Villa Thuret females
were heavier than males (Pyann-whitney = 0.01; Table 1).

4. Discussion

Pallas’s squirrels introduced into Japan carried at least
6 macroparasite species (Kaneko, 1954; Shinozaki et al.,
2004; Asakawa, 2005; Sato et al., 2007): a hard tick,
Haemaphysalis flava; two sucking lice, E. kumadai and
Neohaematopinus callosciuri; a flea, Ceratophyllus (Monop-
syllus) anisus; and three nematodes, Brevistriata callosciuri,
Strongyloides callosciureus and Gongylonema neoplasticum.
According to Shinozaki et al. (2004), only H. flava was native
to Japan. In fact, there were no reports of C. (M.) anisus or
of N. callosciuri in Japan before the Pallas’s squirrel para-
site fauna studies (Shinozaki et al., 2004; Asakawa, 2005;
but see Beaucournu and Launay, 1990). E. kumadai was
first described in 1954 by K. Kaneko from Pallas’s squir-
rels originating from Taiwan and introduced into Japan
on Izu-oshuzima Island in 1935. According to Sato et al.
(2007), S. callosciureus would have been introduced with
the founders. The stomach nematode G. neoplasticum, a
parasite associated with Murinae, must have been acquired
accidentally by the squirrel through the consumption of
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Table 1

Morphology (mean + SE) and macroparasite infestation characteristics for female and male Pallas’s squirrels, Callosciurus erythraeus, in Belgium and France.
Prevalence: P; mean intensity: ml; 95% confidence interval in brackets; the count range in parentheses.

Localities Dadizele Antibes

Countries Belgium France

Sex Females Males Females Males

Number of squirrels 11 9 16 13

Hosts

Body mass (g) 312+ 10(251-369) 309+ 6 (280-331) 366+ 8 (310-430) 322+ 15 (205-385)

Head-body (mm)
Tail (mm)
Hind foot (mm)

204+4(191-228)
152+ 3 (143-166)
48 +1 (46-52)

Arthropods
Sucking lice
Enderleinellus kumadai P 31[13-56]
ml (1;1;1; 1)
Hoplopleura erismata P 46 [20-74]
ml 3[1-4]
Flea
Nosopsyllus fasciatus P 0
ml -
Helminths
Cestode
Hymenolepis sp. P 0
ml -
Nematode
Mastophorus sp. P 0
ml -

(
208 +4(198-230)
148 +£5 (124-167)
48 +1 (47-50)

(
21942 (202-234)
180+2 (163-194)
46 +1 (42-50)

215+4 (182-237)
17442 (156-187)
45+ 1 (41-50)

67 [32-90] 31 [13-56] 85 [57-97]
6[1-16] 2[1-3] 10 [4-24]
100 [68-100] 0 0
8 [4-13] = =
13 [2-37]
(1; 1)
13 [2-37] 8 [<1-34]
(2;4) (6)
11 [1-44]

(2)

intermediary host insects (Anderson, 1992). Therefore, at
least five species of macroparasites have been imported
with Pallas’s squirrels introduced into Japan since 1935.
Four out of these five species are only found on Sciurids, and
three of them (N. callosciuri, B. callosciuri and E. kumadai)
are specialists of the Callosciurini tribe. The small number
of macroparasite species found in France and Belgium may
be related to fewer introduction events in these two coun-
tries and a low number of founders compared to Japan (see
Oshida et al., 2007).

To our knowledge, the macroparasite fauna of Pallas’s
squirrels on their native area has not been documented
(Shinozaki et al., 2004; but see Durden and Musser,
19944, 1994b). The endoparasite fauna for other Callosciu-
rus squirrels consists of few species, which was attributed
to tree-canopy use behaviour (Dunn et al., 1968). This
behaviour, as well as the scarcity of other rodent species
cohabiting in the areas studied in Belgium and France,
may explain the very low number of accidental parasitism
observed on introduced Pallas’s squirrel. For example, the
macroparasites identified from another Sciurid introduced
into France, the Siberian chipmunk, Tamias (Eutamias) sibir-
icus barberi Johnson et Jones, 1955 (see Obolenskaya et
al., 2009), represent 19 taxa observed in four popula-
tions (Vourc’h et al., 2007; Pisanu et al., 2007, 2008, 2009;
Beaucournu et al., 2008), three of which were imported,
three newly hosted (a flea, a hard tick, and a nematode) and
13 acquired accidentally. Chipmunks are ground-dwelling
squirrels that live in burrows and spend less time in the
tree-canopy (Chapuis, 2005); this behaviour may increase
the probability of acquiring infective stages of parasites

available in the environment, even in urbanised locali-
ties.

Pallas’s squirrels in Belgium were observed to have only
one accidental acquisition. We could not identify the two
immature female nematodes to species level; however, in
Europe, only one species of the genus Mastophorus is known
to infect a great number of rodent hosts primarily belong-
ing to the superfamily Muroidea: M. muris (Gmelin, 1790).
This species has an indirect life-cycle, and infective stages
must first develop in an intermediate terrestrial insect host
(Anderson, 1992). In France, only two accidental acquisi-
tions were detected. N. fasciatus, also known as the rat’s flea,
has a very large host spectrum, but primary hosts are in the
genus Rattus (Beaucournu and Launay, 1990). Collectively,
these results indicate that Pallas’s squirrels may acciden-
tally acquire a few parasites from co-inhabiting with native
Muroid rodents, probably rats (Rattus spp.). This finding
agrees with Shinozaki et al. (2004), who found the flea, C.
(M.) anisus, a common rat flea in East Asia (Beaucournu and
Launay, 1990).

We found sex-biased sucking lice infestations. This
result agrees with other studies that show higher ectopar-
asite infestations are observed on male rodents (Randolph,
1975; Poulin, 1996; Perkins et al., 2003) including sucking
lice on squirrels (Durden, 1980). We did not find sexu-
ally dimorphic body size in Pallas’s squirrels (see also:
Cassini and Guichén, 2009). Therefore, any differences in
ectoparasite infestations between sexes, as already docu-
mented in non-sexually dimorphic mammals (Moore and
Wilson, 2002; Wilson et al., 2002), may have been caused
by differences in genetics (Coltman et al., 2001), physiol-
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ogy (Perez-Orella and Schulte-Hostedde, 2005), immunity
(Hughes and Randolph, 2001), or behaviour-related explo-
ration and space use (Boyer et al., 2010).

As expected, the macroparasite species richness we
found in the populations of Pallas’s squirrels established
in Europe was very low and consisted mainly of specialists
imported from Asia (Durden and Musser, 1994a, 1994b).
This result is consistent with the pattern of low diver-
sity of macroparasites in introduced hosts (Torchin et al.,
2003), as it is for introduced squirrels (L6pez-Darias et al.,
2008). The lack of accidental or newly acquired parasites
is likely due to the low number of mammalian species
present in urbanised areas. We conclude that the risks
of infestation by ectoparasites shared by Pallas’s squirrels
and native species, almost exclusively red squirrels and
humans, are minimal in urban parks in France and Bel-
gium. Additionally, in Belgium, the population of Pallas’s
squirrels has probably been eradicated due to an early erad-
ication measure in 2008 (Stuyck, 2009). Such management
actions prevent increased sanitary risks that may arise if
introduced populations were allowed to spread to areas
where there is increased parasite exposure (see Beugnet
and Marié, 2009).
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