Parasitol Res
DOI 10.1007/s00436-015-4413-3

ORIGINAL PAPER
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Abstract The crested porcupine Hystrix cristata is a large
body-sized rodent, occurring in Europe only in the Italian
Peninsula, where it may have been introduced in early
Medieval times. Its parasite fauna is currently poorly known
and limited to few anecdotal observations. We have analyzed
the ectoparasite load of 165 crested porcupines from Tuscany
and Latium (Central Italy). Both captured and road-killed in-
dividuals were checked for fleas and ticks. Overall, only 39
porcupines were infested by four species of ticks and five of
fleas. Abundance of ectoparasites was higher in areas with
higher habitat richness, with respect to densely wooded areas.
The most frequent species was the flea Pulex irritans (25 %),
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whose prevalence peaked in winter probably because of opti-
mal abiotic conditions in the porcupine’s den. The remaining
species of both hard ticks (Rhipicephalus bursa, Pholeoixodes
hexagonus, and Ixodes ventalloi) and fleas (Paraceras melis,
Ctenocephalides canis, Dasypsyllus gallinulae, and
Hystrichopsylla talpae), all with prevalence lower than 5 %,
could be due to den sharing with other vertebrates, mainly
carnivores such as, e.g., red foxes and badgers. The second
most prevalent species was the generalist tick Ixodes ricinus
(21 %). An adult male-biased parasitism for ticks has been
detected, suggesting a possible role of testosterone related
immune-depressive effect. The low richness in dominant ec-
toparasite species, built up by locally acquired generalist taxa,
provides support to the allochthonous origin of this rodent in
Italy.

Keywords Introduced rodent - Hard ticks - Fleas - Parasite
diversity - Space use behavior - Testosterone
immune-depressive effect

Introduction

Ectoparasite diversity in host communities is influenced by
environmental variables and by the behavior of both host
and parasite species (Poulin 1995, 1997; Romeo et al. 2013).
Ectoparasites can be an important cause of illness and reduced
fecundity in mammals (Krasnov et al. 2002, 2004a): this risk
for the host health increases in group-living species which
breed in the same den for several reproductive seasons
(Hoogland 1979; Bordes et al. 2007). Among arthropods,
fleas (Siphonaptera) most often represent ecologically special-
ized parasites (Beaucournu and Launay 1990) which alternate
between periods of direct occurrence upon the host’s body and
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in the substrate of their dens, nests, or resting cavities. Thus,
transmission and host-switching events are promoted when
den setts are shared between different species (e.g., Kiviat
1978; Pigozzi 1986), resulting in an increase of parasite rich-
ness for each host species (e.g., Whitaker and Goff 1979;
Altizer et al. 2003; Ancillotto et al. 2014).

The crested porcupine Hystrix cristata is a mainly noctur-
nal rodent (Mori et al. 2014a), which spends diurnal hours in
underground dens (Monetti et al. 2005). Social organization of
porcupines sharing the same lair includes a pair of adult indi-
viduals, subadults, and cubs, up to six to eight individuals
(Monetti et al. 2005; Mori and Lovari 2014). It is the only
porcupine species occurring in Europe, with a distribution
range limited to Italy: this species may be native or introduced
from North Africa (Mori et al. 2013). In Africa, this species is
distributed in the Maghreb and south of the Sahara Desert,
from Senegal to Central Tanzania, where its range overlaps
with that of the congeneric Hystrix africaeaustralis. Six other
species belonging to the genus Hystrix live in Eastern Asia, in
complete allopatry with the crested porcupine.

The absence of sympatric congeners for crested porcupine
in Italy is expected to significantly affect ectoparasite diversity
(e.g., Krasnov et al. 2004b). On the other hand, this species
may share its den sett with European badger Meles meles as
well as red fox Vulpes vulpes (Mori et al. 2014b, c).

Currently, published information on parasitic arthropods of
Hystrix spp. is scanty and mainly related to H. cristata. Toschi
(1965) and Starkoff (1958) reported three hard tick species for
H. cristata in Italy: Ixodes ricinus, Pholeoixodes hexagonus,
and Rhipicephalus bursa. As for the North African range,
Bailly-Choumara et al. (1976) detected two argasid tick spe-
cies in H. cristata in Morocco: adult and immature stages of
Ornithodoros erraticus and Ornithodoros delanoei. These
two soft ticks are commonly found in burrows used by ro-
dents, carnivores, and other mammals, although O. delanoei
was only found in red foxes and porcupines’ dens (Bailly-
Choumara et al. 1976), suggesting that these hosts could be
primary ones for this argasid tick. Concerning fleas, records of
two species infesting the crested porcupine have been report-
ed: Pariodontis riggenbachi covering the African distribution
of this host and Pulex irritans which is a cosmopolite species
primarily found on mammals and especially man
(Beaucournu and Launay 1990), but no data on their incidence
and prevalence on porcupines are available. H. cristata and
Ursus arctos have been noted as secondary hosts for
P, irritans, but whether these mammals are potentially primary
hosts is still an open question (Beaucournu and Launay 1990).
Together with the tick Ixodes kaiseri and Ornithodoros
tholozani, the flea P. irritans has also been observed in
Heterorhabditis indica (Theodor and Costa 1967).

In this work, we have improved information on ectopara-
sites of the crested porcupine in its Italian historical range
(Mori et al. 2013) and providing the first data on their
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incidence and prevalence. We expected a low ectoparasite
diversity, since no sympatric closely related species is present
(Krasnov et al. 2004b; Romeo et al. 2013). On the other hand,
parasite richness of this rodent in Italy could also be increased
by possible host switching due to den sharing (Mori et al.
2014b). The effects of habitat and season, as well as of host-
related variables (i.e., age and sex), on the specific richness
and prevalence were also analyzed.

Materials and methods
Study site and parasite collection

Captures took place in the framework of a large research pro-
ject on the ecology of this species between 1990 and 2014
(Lovari et al. 2013; Mori et al. 2014a). Permits for captures
were provided by the Provincial Councils of Siena and
Grosseto and the Environment Ministry, both granted by the
approval of the National Institute for Environmental
Protection and Research (ISPRA). Metal box trap baited with
fruits and vegetables was activated for at least seven nights per
month and checked at sunset and dawn during each trapping
session. When an individual was captured, it was sedated be-
fore manipulation, according to a standard protocol (Massolo
et al. 2003). The exact geolocation, sex, and age were record-
ed for each animal. An individual was considered as adult
when maxillary teeth were erupted (Mori and Lovari 2014).
A total of 67 captured and 98 road-killed crested porcupines
from Tuscany and Latium (Fig. 1) were examined. Other 21
road-killed individuals were excluded from the analysis, as
collected more than 1 day after death, a time long enough to
allow ectoparasites to leave their host (Kinsella and Pattie
1967). Porcupines were collected throughout the year (V=36
in summer, N=37 in autumn, N=50 in winter, N=42 in
spring). A total of 85 samples were collected from the prov-
ince of Grosseto (10 captured and 75 road killed) and 70 from
the province of Siena (44 captured and 26 road killed). The
study area near Grosseto (Maremma Regional Park and Poggi
di Prata; hereafter, area 1, cf. Fig. 1) is almost totally covered
by deciduous woodland and scrubwood; individuals from
Siena came from a multi-habitat made by suburban, agricul-
tural, and small wooded areas (Le Malandrine estate—
Buonconvento, Le Scotte—North Siena, and Calvaiano es-
tate—Radicondoli; hereafter, area 2, cf. Fig. 1). The remaining
10 road-killed individuals came from neighboring provinces:
six from Arezzo (hereafter, area 3, cf. Fig. 1), three from
Florence (hereafter, area 4, cf. Fig. 1), and one from Rome
(hereafter, area 5, cf. Fig. 1).

All the body regions were examined for arthropods.
Collected ticks and fleas were stored in 100 % ethanol.
Species identification was based on the morpho-anatomical
examination of 89 specimens through an optical microscope
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Fig. 1 Locations of the 165
crested porcupine captures and
road kills analyzed in this work:
area I province of Grosseto, area
2 province of Siena, area 3
province of Arezzo, area 4
province of Florence, and area 5
province of Rome
A
Area 3 2
Area 4
0 & Area 2
A Area A\Tj
o Q
L
@ Area s
30 km

and referred to descriptions by Pérez-Eid (2007) for Ixodidae ~ Results

and by Beaucournu and Launay (1990) for Siphonaptera.

Data analysis

Variation of specific richness in arthropods, defined as the sum
of all taxa recorded on a host, and prevalence in the total
species of fleas and hard ticks were analyzed according to
study areas, sex, and season. Since very few juveniles were
infested (Table 1) and this could create recurrent biases in the
model parameter estimates, only adult hosts were considered.
To avoid outliers in residual variance errors, records from
areas 3, 4, and 5 (Fig. 1, Table 1) were excluded from further
analysis, since they were spatially isolated. Generalized linear
models with Poisson errors, a log link function for specific
richness, binomial errors, and log link for prevalence were
carried out (Venables and Ripley 2002) and checked for var-
iance error correctness (Zuur et al. 2009, 2010, 2013).
Parameter estimates were associated to profiled 95 and 99 %
confidence intervals (Kosmidis 2008; Johnson 2013).
Multiple comparisons of parameter means were calculated
using the contrast method of Tukey. All calculations were
performed through software R 3.1.2 (R Core Team 2014).

A total of 39 crested porcupines were infested by parasitic
arthropod species (N=165, 24 %), in which there were 27
porcupine-harbored fleas (16 %) and 16 hard ticks (10 %).
Parasites were uniformly divided between captured (58 %)
and road-killed specimens (42 %). As to 69 juveniles
(Table 1), only two females were infested: one in spring,
hosting one specimen of /. ricinus along with more than five
specimens of P. irritans, and another one in summer with
more than five P, irritans. These young females were captured
in the same locality (area 2), respectively, on April and August
1999. No juvenile males were infested by arthropod parasite
species (Table 1).

Adults (N=96) were much more often infested (39 %) than
juveniles (3 %; Table 1). A total of 78 specimens of ectopar-
asites were collected on 37 adult hosts (Table 1), and 21 were
not identified to species level and only reported as tick or flea
within capture/roadkill data sheets (samples were not avail-
able: Ixodidae and Siphonaptera; Table 1). Among the remain-
ing 57 specimens, 38 were fleas (67 %) and 19 were hard ticks
(33 %, Table 1). Within Siphonaptera, 22 specimens were
identified as P, irritans hosted by 11 porcupines and 11 were
Paraceras melis on seven hosts, 3 Dasypsyllus gallinulae on
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Table 1 Number of hosts

examined, averaged body mass Province Juveniles Adults
(in kg), and number of hosts
infested by ectoparasite species ? ) ? 5}
according to study area, age, and
sex of crested porcupines between Area 1 20 15 20 30
1990 and 2014 in Central Italy Body mass+SE 5.0+0.5 46405  12.4+0.7 11.6+0.4
Pulex irritans - - 1(2) 1 (6)
Paraceras melis - - 1(2) 1(1)
Unidentified flea - - - -
Rhipicephalus bursa - - - 1(1)
Unidentified tick - - - 1(2)
Area 2 18 14 27 11
Body mass+SE 4.6+0.6 4.8+0.4 11.3+0.5 11.8+0.5
Pulex irritans 1 (>5) - 4(1;1;1;4) 1(3)
Paraceras melis - - 2(2;2) -
Pulex irritans+Dasypsyllus gallinulae - - 1(1;3) -
Pulex irritans+ Ixodes ricinus 15 1) - - 1 (>5;>5)
Pulex irritans+unidentified flea+tick - - 1(2;1;1) -
Unidentified flea - - 2(2;3) 2(1;2)
Ixodes ricinus - - 1(1) 3(1;2;2)
Pholeoixodes hexagonus - - 1(2) 1(1)
Unidentified tick - - 2(1; 1) -
Unidentified flea + tick - - - 1(2;2)
Area 3 0 0 2 4
Body mass - - 10.5; 13.0 9.5;10.0; 13.5; 14.0
Paraceras melis - - 1(1) 1(1)
Hystrichopsylla talpae - - 1(1) -
Ctenocephalides canis - - - 1(1)
Ixodes ricinus - - - 1(2)
Ixodes ricinus+Ixodes ventalloi - - - 1(1;2)
Area 4 0 2 0 1
Body mass - 2.0;3.0 - 10.3
Body mass is also reported (with Paraceras melis R 0 R 13
standard errors for area 1 and area Area 5 0 0 0 1
2); the number of flea and hard Body mass - - - 14.5

tick specimens is presented in
parentheses

Paraceras melis

1(D)

one female host, 1 Ctenocephalides canis on one female, and
1 Hystrichopsylla talpae on an adult male. For Ixodidae, 14
were I. ricinus on seven hosts, 3 P. hexagonus on two hosts,
and 1 Ixodes ventalloi and 1 R. bursa each on different male
hosts.

Specific richness in parasitic arthropod species varied ac-
cording to area, but not to sex or season (Tables 1 and 2): in
wooded area 1 (V=50), adult porcupines hosted on average
0.240.1 arthropod species per individual, which was signifi-
cantly lower than that on the localities from multi-habitat area
2 (N=38; 1.6+0.1; P<0.001).

Prevalence in fleas varied according to season and to study
area (Table 1), but not to sex of hosts (Table 2): porcupines
from area 2 hosted more frequently fleas (37 %) than those
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from area 1 (10 %). Considering only individuals for which
flea identifications were reached at species level, this was true
for P, irritans, hosted by 25 % porcupines in area 2 versus 4 %
inarea 1. The prevalence in P. melis (Walker, 1856) was low in
both areas (3 and 4 %, respectively; Table 1). Additionally, the
prevalence (Prev) in fleas was lower in spring (N=33, Prev=
6 %) than in summer (N=22, Prev=32 %), autumn (N=23,
Prev=26 %), and winter (N=18, Prev=61 %). This was main-
ly due to the variation in prevalence of P. irritans on crested
porcupines from area 2, where five hosts out of 7 in winter
harbored this species versus 3 out of 25 in the remaining
seasons.

Prevalence of hard ticks varied according to study area and
sex, but not according to season (Tables 1 and 2): porcupines
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Table 2 Model parameter estimates (3) and profiled confidence
intervals explaining the effect of sex, season, and region on the
variation in total arthropod-specific richness and the prevalence of fleas

and hard ticks separately on 96 adult crested porcupines in Central Italy
(area 1 and area 2, cf. Fig. 1)

Source of variations  Arthropod species richness

Flea prevalence

Hard tick prevalence

16} 95 % CI 99 % CI B 95 % CI 99 % CI 6 95 % CI 99 % CI

Intercept =241 —3.62,-140 —4.05-1.11 -228 —4.05,-088 —4.71,-049 —6.70 —10.99;-3.73 —12.69,-3.00
Male sex 0.53 —0.18; 1.22 —0.41; 1.44 0.46 —0.86; 1.85 -1.27;2.32 2.18 0.57,4.12 0.10; 4.84
Season

Spring -027 -1.26;0.76 —-1.58; 1.11 =297 —6.02,-097 —747,-041 247 0.26; 5.77 —0.33;7.28

Summer -0.04 —1.17;1.08 —-1.56; 1.43 -0.53 —2.24;1.09 —2.83; 1.60 1.23 —1.53; 4.66 —2.46;6.17

Winter 0.76 -0.15; 1.75 —-0.43; 2.10 1.09 —0.45;2.75 —0.94; 3.33 1.37 —1.42;4.82 —2.35;6.34
Area 2 1.79 0.98;2.72 0.75; 3.05 2.32 1.00; 3.87 0.61;4.43 3.42 1.62;5.78 1.13;6.70

Non-zero parameters are presented in italics

from area 2 hosted more frequently hard ticks (29 %) than
those from area 1 (4 %). Among infested porcupines from
area 2, five male porcupines out of 11 and five females out
of 27 hosted hard ticks (Table 1).

Discussion

A poor ectoparasite assemblage was found on crested porcu-
pine in Central Italy, with two dominant species presenting
prevalence above 20 %: one hard tick (. ricinus) and one flea
(P, irritans). The composition of ectoparasite communities
varied across study areas: porcupines from area 2 harbored a
more diverse arthropod parasite load than those from area 1.
Although old road-kill individuals were excluded from the
analysis, the higher number of captures in area 2 with respect
to roadkill may have influenced this result. All the samples
from area 1 came from scrubwood or deciduous woodland,
while habitat types in area 2 were more diversified, with hab-
itat ranging from deciduous woodlands to agricultural areas.
This is probably at the origin of the observed difference in
parasite diversity between the two areas.

Abundance of P, irritans and P. melis on porcupines in
winter, with respect to the other seasons, may be related to
behavior of these insects: they are nidicolous ectoparasites that
can be found in nests/dens of host animals, particularly in
winter (Cox et al. 1999; Rafinejad et al. 2013). Porcupines
partly reduce their activity in cold months, thus resting longer
in their underground dens (Corsini et al. 1995), where they
may be more exposed to parasite infestation. Moreover, den
sharing with badgers, foxes, and martens further increases the
potential for parasite infestation (Tinelli and Tinelli 1980;
Pigozzi 1986; Mori et al. 2014b). This may be particularly
true for P. melis involving dens sharing between foxes and
badgers with porcupines (Ancillotto et al. 2014).

Interestingly, this result is also supported by the anecdotal
records of P. hexagonus which preferentially infest carnivores
(Pérez-Eid 2007). Environmental conditions such as optimal
temperature and humidity, and the durable presence of hosts
wintering in dens, may also explain the observed seasonal
pattern in prevalence by these fleas, especially for P. irritans
which is most sensitive to cold and arid environments (e.g.,
Beaucournu and Launay 1990).

An adult male-biased parasitism for ticks (dominated by
I. ricinus) has been detected. Spatial and temporal behaviors
of paired male and female crested porcupine are almost
completely overlapping (Corsini et al. 1995; Mori et al.
2014a, d); the species is thought to be monogamous (Mori
and Lovari 2014). So, the higher tick load in males could
not be due to any differences in their exploratory behavior
compared to females. Hughes and Randolph (2001) claimed
that testosterone levels deeply affect resistance to 1. ricinus in
rodent hosts. The lowest resistance to tick feeding occurs in
sexually active males; therefore, a trade-off between mating
success and parasitism may exist. A great consumption of fat
reserves and high hormone levels due to the benefit of a high
reproductive success could promote the suppression of immu-
nological defense, thus a decrease in parasite resistance (cf.
Corlatti et al. 2012; Romeo et al. 2013; Le Coeur et al. 2015).

Among rodents, parents groom the cubs (Gubernick and
Alberts 1987), which may explain the low ectoparasite
load of young porcupines. This habit, together with the
small number of inhabitants in a porcupine den (on aver-
age, one breeding pair and one to two cubs; Mori and
Lovari 2014), may militate against heavy infestations of
the young. In facts, one could expect that cubs may be less
resistant than adults to parasite infestations, thus making
grooming by parents an advantageous behavior. It is likely
that movements of young are shorter than those of adults,
reducing the opportunity to come in contact with infesting
stages of ectoparasites (cf. Le Coeur et al. 2015).
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All other species we found on porcupines were occasional
and related to co-inhabiting primary hosts as well as to the
behavior in the space use of the crested porcupines, which
often range in the surroundings of human settlements
(Lovari et al. 2013; Mori et al. 2014d). Secondary hosts can
sustain parasite species only if a primary host is present
(Beaucournu and Launay 1990; Pérez-Eid 2007). This may
explain the presence of the R. bursa, mainly encountered in
open agricultural landscapes in the Mediterranean area, where
wild or domestic Ungulates are presents, e.g., in area 1. It also
supports the regular occurrence of 1. ricinus, which distribu-
tion largely depends on wild or domestic ruminants; H. talpae
is frequently found in nests inhabited by Microtinae, and its
presence on porcupines indicates occasional frequentations of
dens by these small rodents. C. canis is relatively specific to
canid hosts, which again supports the regular frequentation of
porcupines’ dens by red foxes. Anecdotal information sug-
gests that the densities of red foxes and badgers in area 1 are
greater than those in area 2 (pers. obs.); . ventalloi feed most
preferentially on the rabbits, indicating that either rabbits
could occasionally enter porcupine dens or that, conversely,
porcupines may explore rabbit warrens. Interestingly,
D. gallinulae is a species which infest nests of many small
birds, but it may be encountered on mammals because of its
dispersal behavior (Bates and Rothschild 1962).

The parasitic arthropod fauna of crested porcupines in
Central Italy was composed by a relatively low number of
dominant species, confirming and improving the scanty avail-
able information available on the parasites infesting this ro-
dent (Starkoff 1958; Toschi 1965; Berlinguer 1965). All the
ectoparasites detected on H. cristata were sourced from other
mammals known to be primary hosts, mainly red foxes and
badgers, and shared because of similar behavior in space use
(cf. Mori et al. 2014b). This result matches what expected for
an introduced rodent, locally acquiring relatively low specific
arthropod ectoparasite taxa. Despite the long duration of the
establishment of the crested porcupine in Italy, we found no
arthropods infesting similar species on their native range, e.g.,
fleas belonging to the genera Procaviopsylla and Pariodontis
(Beaucournu and Launay 1990). This result suggests a possi-
ble loss of ectoparasites during the history of introduction of
H. cristata in Italy (e.g., Torchin et al. 2003). The introduction
of alien species increases incidence, pathogenicity, and geo-
graphical range of native parasites locally acquired (Romeo
et al. 2014). Therefore, if the crested porcupine keeps increas-
ing its range, ectoparasite infestations in the newly colonized
areas should be further investigated, with a special attention
deserved to P, irritans, which has the human as a primary host
(Buckland and Sadler 1989; Beaucournu and Launay 1990).
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