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Abstract In Romania, data regarding hard-tick diversity and tick–host associations in wild

carnivores are scarce. We aimed to identify tick species in wild carnivores and to establish

reliable data on tick–host associations. The study was conducted in various Romanian

localities from all five ecoregions found in the country. Fourteen species of wild carnivores

were examined. Immature and adult ticks were collected and identified using the mor-

phological keys. The frequency and mean intensity of tick infestation, overall and dif-

ferentiated by species, developmental stage and host were calculated. Of 202 wild

carnivores, 68 were parasitized by seven tick species (predominantly Ixodes ricinus,

I. hexagonus and Dermacentor reticulatus). The mean intensity of tick infestation was

similar in males (6.97, BCa 95% CI 5.15–9.88) and females (5.76, BCa 95% CI

4.15–9.17). The highest prevalence of infested animals was recorded in the pannonian and

steppic ecoregions, 66.7 and 52.7%, respectively. In the continental ecoregion the preva-

lence was 26.7%, whereas in the pontic ecoregion it was 28%. The lowest value, 16.7%

was recorded in the alpine ecoregion. In total 430 ticks were collected, and 24.8% (n = 50)

of the animals were infested with more than one tick species. Fourteen new tick–host

associations were recorded. Our results suggest that anthropogenic changes of the envi-

ronment lead to the diminishing of the boundaries, between wild and domestic animals,
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increasing the exposure for both animals and humans, to infective agents, including tick-

borne pathogens.

Keywords Dermacentor spp. � Haemaphysalis spp. � Ixodes spp. � Rhipicephalus spp. �
Wildlife � Tick–host associations

Introduction

Ticks are a group of blood feeding ectoparasites of terrestrial vertebrates, with a worldwide

distribution. Of the about 700 species of hard ticks (Ixodidae), many were demonstrated as

vectors of agents causing diseases of veterinary and medical importance (de la Fuente et al.

2008). In Europe, around 65 species hard and soft ticks have been reported (Estrada-Peña

and de la Fuente 2016). In Romania, according to the historical data reviews and updates,

25 species of hard ticks were reported (Coipan et al. 2011; Mihalca et al. 2012).

Because of the great impact of ticks on public health, their negative effect on livestock

production, and their parasitism on companion animals, we are witnessing an increased

interest for the tick-borne related medical conditions, and for the several past years, most of

the studies are focused on synanthropic ticks and domestic hosts (Jongejan and Uilenberg

2004; Bermt9dez et al. 2015). Despite this tendency, wild animals play a major role in the

eco-epidemiology of tick-borne diseases, as they may act as reservoir or amplifying host

for different pathogens (Lorusso et al. 2011). Different economic and ecological factors, as

the changing of the agricultural practices or the environmental and land-use changes, lead

to a broader distribution area of the wild hosts and vectors, facilitating the transfer of

pathogens between wild and domestic animals (Bengis et al. 2004). Moreover, vector-

mediated animal-to-human infection is considered the usual pattern of human infection

(Bengis et al. 2004). In this frame, the study of tick species that parasitize wild animal

populations is crucial in order to understand ticks’ ecobiology and the dynamics of

pathogens transmission.

Among wildlife, the wild carnivores are difficult to monitor and capture (Gese 2001), a

reason why tick–host associations are less commonly studied. Due to their wide home

range, these animals are exposed to many tick species, which makes them of particular

interest in the context of parasite ecology (Labruna et al. 2005).

Romania is a preponderant rural country, and agriculture is the main economic activity,

dominated by extensive rearing system of livestock. The country is populated by a great

variety and a large number of wild carnivores. The traditional breeding of livestock and the

high density of wild carnivores increase the contact between humans, and these domestic

and wild animals (Mertens and Promberger 2001). In Romania, the only exhaustive review

on hard-tick diversity, published more than 50 years ago (Feider 1965), and few subse-

quent sporadic new tick–host associations (Dumitrache et al. 2012; Mihalca et al. 2012)

listed 10 species of ticks that parasitize wild carnivores. No targeted surveillance was

performed. Therefore, the present study aimed to identify tick species collected from

hunted or road-killed wild carnivores in order to complement and confirm the sparse

information currently available and to establish reliable data on tick–host associations.
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Materials and methods

Study area

Romania is a country located in south-eastern Central Europe, on the Lower Danube, in the

north of the Balkan Peninsula and on the northwestern coast of the Black Sea. Romania is

crossed by the Carpathians and shows a balance of one-third of each type of landform

(plains, hills and mountains). Its geographic position and ecological characteristics make

Romania the only country in Europe having five biogeographic regions: continental,

steppic, alpine, pannonian and pontic (Petrişor et al. 2010).

The climate of Romania is generally temperate-continental, but country’s relief influ-

ences it locally. Ocean influences of the Atlantic air masses are restricted to the Western

and Central part of the country by the Carpathians, which act as a barrier. Mediterranean

influences are present in the southwest of the Romanian Plain, ensuring a milder climate

(Stefan et al. 2004).

The high habitat diversity reflects a rich biodiversity. In Romania 17 species of wild

carnivores are listed, belonging to the following families: 4 Canidae (golden jackal - Canis

aureus, grey wolf - C. lupus, red fox - Vulpes vulpes, raccoon dog - Nyctereutes procy-

onoides); 2 Felidae (wildcat - Felis silvestris, Eurasian lynx - Lynx lynx); 1 Ursidae (brown

bear - Ursus arctos); 1 Phocidae (Mediterranean monk seal - Monachus monachus); 9

Mustelidae (stoat - Mustela erminea, least weasel - M. nivalis, European mink - M.

lutreola, European polecat - M. putorius, marbled polecat - Vormela peregusna, pine

marten - Martes martes, stone marten - M. foina, European badger - Meles meles, European

otter - Lutra lutra) (Murariu 2010).

Sampling

The study was carried out from January 2010 to May 2016 on carcasses of wild carnivores

hunted, road-killed or found dead in several localities (Fig. 1). Only other species then red

foxes (Vulpes vulpes) were included in this study. Due to the large number of specimens

(over 300), this species was evaluated separately and the results are included in two other

studies. During the study period, the carcasses of wild carnivores collected in the afore-

mentioned areas were brought to the Unit of Parasitology and Parasitic Diseases, of the

Faculty of Veterinary Medicine, University of Agricultural Sciences and Veterinary

Medicine of Cluj-Napoca (Romania). The carcasses were transported to the laboratory,

fresh when possible or frozen, following the current laws on dead animals transport and

zoonotic risks. A thorough inspection of skin and fur of each carcass was carried out. For

each animal, all immature and adult ticks were carefully collected, and stored in labeled

tubes with 96% ethanol, for further identification using morphological keys (Feider 1965;

Filippova 1977; Walker et al. 2005).

Statistical analysis and mapping

The frequency, prevalence, 95% confidence interval, of ticks on wild carnivores, overall

and differentiated by ticks species, developmental stage and by hosts species were cal-

culated using Epi InfoTM 7 (CDC, USA) software. The mean intensity and Bootstrap BCa

confidence interval were calculated in Quantitative Parasitology software (Reiczigel et al.

2013).The differences between variables were analyzed by Chi squared independence test,
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respective by bootstrap t test for mean intensity. Mapping of sample collection sites was

generated using the QGIS software (http://www.qgis.org).

Results

A total of 202 individual wild carnivores, from 14 species (Table 1), originating in all five

biogeographical regions were examined. Of these, 68 animals were parasitized by ticks.

The highest prevalence of infested animals was recorded in the pannonian and steppic

ecoregions, 66.7% (95% CI 22.3–95.7) and 52.7% (95% CI 38.8–66.3) respectively

(p\ 0.001). In the continental regions the prevalence was 26.7% (95% CI 17.8–37.4),

while in the pontic ecoregion it was 28% (95% CI 12.1–49.4). The lowest value, 16.7%

(95% CI 5.6–34.7), was recorded in alpine biogeographical region (p\ 0.001).

After examining all the infested wild carnivores, a number of 430 ticks were collected

and their developmental stages and species were identified (Table 2). The tick burden

varied between 1 and 36 ticks/animal, with a mean intensity of 6.31 (BCa 95% CI

4.99–8.28).

Detailed information on tick–host association and the exact number of examined and

infested animals for each carnivore species are presented in Table 1.

Fifteen animals were infested with more than one tick species. Co-infestation with two

species of ticks occurred as follows: I. ricinus ? I. hexagonus (1 C. aureus, 2 F. silvestris,

1 M. meles), I. ricinus ? R. sanguineus s.l. (1 C. aureus), I. ricinus ? Ha. concinna (1 C.

aureus), I. ricinus ? Ha. punctata (1 C. aureus, 1 C. lupus), I. ricinus ? D. reticulatus (3

C. aureus, 1 L. lutra).

I. hexagonus ? D. reticulatus (2 C. aureus). In one situation, three ticks species were

found on the same animal: I. ricinus ? R. rossicus ? Ha. concinna (1 M. foina).

Fig. 1 Animal collection sites
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Table 1 Wild carnivore species, their associated ticks and biogeographic distribution

Host (Total number of
investigated)

Biogeographic region
(No. of infested/No.
of investigated)

Ticksa

Canis aureus (79) Continental (6/28) I. ricinus (2F, 2L); I. hexagonus (2F, 1N, 4L);

D. reticulatus (9M ? 10F)

Pannonian (2/2) I. ricinus (1F); I. hexagonus (1N); D. reticulatus (5M, 4F)

Pontic (5/11) I. ricinus (5M); D. reticulatus (1M, 1F); Ha. punctata
(1M)

Steppic (20/38) I. ricinus (49M, 42F, 3N, 2L); I. hexagonus (2M, 9F, 22N,
8L); D. reticulatus (31M, 10F); Ha. punctata (2N); Ha.
concinna (1N); R. sanguineus s.l. (1M)

Canis lupus (27) Alpine (2/12) I. ricinus (4M ? 5F); Ha. punctata (1M)

Continental (3/15) I. ricinus (7M, 13F)

Felis silvestris (19) Alpine (0/2) –

Continental (5/10) I. ricinus (3F, 4N); I. hexagonus (2F, 3N, 28L)

Pontic (1/1) I. ricinus (5L)

Steppic (4/6) I. ricinus (9F); I. hexagonus (1M, 3F)

Lutra lutra (9) Alpine (0/1) –

Pontic (0/4) –

Steppic (1/4) I. ricinus (1N); D. reticulatus (1M)

Lynx lynx (8) Alpine (1/7) I. ricinus (2M, 14F)

Continental (1/1) I. ricinus (1M, 2F)

Martes foina (8) Alpine (0/1) –

Continental (1/4) I. ricinus (1F)

Pannonian (0/1) –

Steppic (2/2) I. ricinus (1M, 1F); Ha. concinna (1M); R. rossicus (1M);
R. sanguineus s.l. (1M, 3F)

Martes martes (4) Continental (0/2) –

Pannonian (1/1) I. ricinus (6F)

Pontic (0/1) –

Meles meles (21) Alpine (2/2) I. ricinus (1F, 4N, 3L); I. hexagonus (15N)

Continental (5/16) I. ricinus (1M, 4F, 6N); I. hexagonus (2F, 1N, 8L)

Pannonian (0/1) –

Pontic (1/1) I. ricinus (2M, 1N)

Steppic (1/1) I. ricinus (1M, 1F, 10N)

Mustela erminea (3) Pontic (0/3) –

Mustela lutreola (5) Pontic (0/3) –

Steppic (0/2) –

Mustela nivalis (3) Continental (0/3) –

Mustela putorius (10) Alpine (0/3) –

Continental (2/5) I. ricinus (5L); I. hexagonus (1F, 4L)

Pannonian (1/1) I. hexagonus (1M, 4F)

Steppic (1/1) I. ricinus (2M, 1N)

Ursus arctos (4) Alpine (0/2) –

Continental (0/2) –
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All seven tick species were found in the steppic ecoregion, and three of them (R.

sanguineus s.l., R. rossicus, and Ha. concinna) were present exclusively here. This study

reports 14 new tick–host association in Romania: five for I. ricinus; two for I. hexagonus;

one for Ha. punctata; two for Ha. concinna; two for D. reticulatus; one for R. rossicus;

one for R. sanguineus s.l. (Table 2).

Discussion

This study presents the results of the first large-scale survey of ticks parasitizing wild

carnivores in Romania. Fourteen species of the seventeen wild carnivore species listed in

Romania were included. Carcasses originated from different localities, covering all five

biogeographic regions. Ixodid ticks were collected from 68 wild carnivores, belonging to 9

species. Some tick–host associations reported in this study reinforce information that have

already been reported (Feider 1965; Dumitrache et al. 2012; Mihalca et al. 2012). How-

ever, 14 new tick–host associations in Romania were identified. One of the main strengths

of our survey resides in the high number of both animals and investigated species. It is

widely known that a major constraint of studies on the ecology of wildlife parasites is the

limited access to samples (Otranto et al. 2015a, b). Each animal species examined offers

Table 1 continued

Host (Total number of
investigated)

Biogeographic region
(No. of infested/No.
of investigated)

Ticksa

Vormela peregusna
(2)

Pontic (0/1) –

Steppic (0/1) –

Double underlined tick species are new host association worldwide; single underlined tick species are new
reports for Romania
a Figures within parentheses represent the number of specimens identified and abbreviations are as follows:
L larva, N nymph, F female, M male

Table 2 Species, developmental stages and distribution by ecoregion of ticks collected from wild carni-
vores in Romania

Tick species Ecoregion Larvae Nymphs Males Females Total No. of
hosts

Dermacentor reticulatus C, Pa, Po, S 0 0 47 25 72 11

Haemaphysalis concinna S 0 1 1 0 2 2

Haemaphysalis punctata A, Po, S 0 2 2 0 4 3

Ixodes hexagonus A, C, Pa, S 49 43 4 23 119 18

Ixodes ricinus A, C, Pa, Po, S 17 30 75 105 227 48

Rhipicephalus rossicus S 0 0 1 0 1 1

Rhipicephalus sanguineus s.l. S 0 0 2 3 5 2

A Alpine, C Continental, Pa Pannonian, Po Pontic, S Steppic
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new insights on tick–host relation and relevant information on ticks’ eco-biology, as each

carnivore species has different activity patterns and behavior (Bermt9dez et al. 2015).

Moreover, ticks’ strategy for finding a host depends on their species and sometimes on

their life stages (Bermt9dez et al. 2015). Wild carnivores are preferred hosts of endophilic

ixodid ticks, but they also may be suitable host for some exophilic tick species (Sobrino

et al. 2012).

The golden jackal (Canis aureus) is one of the most widespread canid species, found in

many areas in Europe, Africa and Asia, but in the same time one of the less studied species

with an almost unknown ecology. The first study of hard ticks from wild golden jackals in

Europe was performed in Hungary (2012) and included 4 animals (Hornok et al. 2012).

Since then, only few reports of ticks parasitizing C. aureus were published. A report of a

road-kill golden jackal, parasitized by D. reticulatus and Ha. concinna and bearing

Hepatozoon canis, represented the first report of this tick-borne pathogen in Austria

(Duscher et al. 2013). As the presence of He. canis should overlap the distribution of its

primary tick vector R. sanguineus s.l., and this tick is considered as being sporadically

imported in Austria, this report raised again new questions about the possibility that also

other tick species could be vector-competent. Another concern is related to the importance

of golden jackals as a natural way of pathogen introduction and spreading into non-

endemical areas (Duscher et al. 2013), especially because in the next few years an ongoing

expansion of golden jackals from the Balkan to central Europe is expected (Arnold et al.

2012). Another study performed in Hungary on 15 carcasses reported infestation with

I. ricinus, D. reticulatus and Ha. concinna in 7 of the investigated animals (Farkas et al.

2014).

In our study, a significant percent of the examined C. aureus (41.8%) presented tick

infestation, with 6 tick species, both endophilic and exophilic. I. ricinus was the pre-

dominant species, and all developmental stages were found parasitizing on host. This tick–

host association was previously reported in Hungary (Hornok et al. 2012; Farkas et al.

2014) and also in Romania (Dumitrache et al. 2012; Mihalca et al. 2012), where I. ricinus,

a species with a low host specificity, is considered the most widespread (Mihalca et al.

2012) and abundant hard-tick species (Dumitrache et al. 2012). Similarly to I. ricinus, D.

reticulatus was present in all four biogeographical regions where positive animals were

recorded, but only adult stages were found. The absence of the immature stages could be

explained partly by the nidicolous behavior of larvae and nymphs, their short activity

period and their preference for small mammal hosts (Földvári et al. 2016). The expansion

of D. reticulatus pose both veterinary and public health concerns, as vector for Babesia

canis, a pathogen causing a severe canine vector-borne disease, but also for several

Rickettsia spp. and tick-borne encephalitis virus (Földvári et al. 2016). Another new tick–

host association for our country, and to the best of our knowledge worldwide, is the

presence of the endophilic species I. hexagonus on C. aureus, recorded in our case from

continental, pannonian and steppic ecoregions. Different carnivore species and hedgehogs

are considered to be main hosts for I. hexagonus (Gern et al. 1991). The absence of reports

of I. hexagonus in golden jackals is probably due to the limited studies existing on this

carnivore species within the distribution range of this tick. Despite of being reported twice

as parasitizing on C. aureus in the neighboring Hungary (Hornok et al. 2012; Farkas et al.

2014), in Romania, Ha. concinna has not been mentioned on this host before. The para-

sitism of C. aureus with Ha. punctata, reinforces the previous report of this tick–host

association (Mihalca et al. 2012). All developmental stages of R. sanguineus s.l. are

considered to have an endophilic behavior, segregated in the proximity of host dwellings

(Gray et al. 2013). Taking in consideration the wide geographical distribution of
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R. sanguineus s.l., the habitat of this tick species often represented by the human dwellings

and that dogs are its preferred domestic host (Gray et al. 2013), the presence of R. san-

guineus s.l. on golden jackals suggests that this tick might play an important role in the

biological connections between wild and anthropic environments.

Canis lupus is the most widespread large carnivore in Europe, recovering after crossing

a period of population decline and eradication (Randi 2011). In Romania, gray wolves are

represented by one of the largest populations in Europe, and their conservation status of

‘‘least concern’’ was maintained throughout time (Boitani 2000). Few reports of I. ricinus

parasitizing wolves in Romania were previously published (Dumitrache et al. 2012;

Mihalca et al. 2012) and similarly to these, we identified only adult stages, as immature

stages prefer other hosts (Matuschka et al. 1991). Interestingly, as grazing domestic ani-

mals and wild ungulates (Nosek 1971) are considered the preferred hosts, one male of Ha.

punctata was found, representing the first report of this tick species parasitizing on C.

lupus.

The wildcat has a very wide geographical distribution, being the most common wild

felid in Europe. Despite the decreasing population trend, its conservation status is evalu-

ated as ‘‘least concern’’ (IUCN 2015). In our study, Felis silvestris was found as a suit-

able host for I. hexagonus and I. ricinus. Both tick species have been previously reported in

Romania on wildcats (Mihalca et al. 2012). I. hexagonus and R. turanicus were found

parasitizing on a wildcat in Italy (Lorusso et al. 2011), while in Spain R. sanguineus s.l.

and R. pusillus were reported on the same host (Sobrino et al. 2012).

There is scarce information regarding tick species parasitizing on Lynx lynx. Our study

reveals only the presence of adults of I. ricinus on this host. Despite the absence of any

other similar reports, positive serology for Anaplasma phagocytophilum antibodies

reported in a survey from Sweden on 102 lynx (Ryser-Degiorgis et al. 2005), is in line with

the present findings.

Limited information exists on ticks parasitizing mustelids in Europe, despite the large

number of extensive research investigating the ecology and management of this family. In

Romania, data regarding ticks of mustelids are similarly scarce. All the 5 species of

Mustelidae (Lutra lutra, Martes foina, Martes martes, Meles meles, Mustela putorius)

infested with ticks harbored at least one individual of I. ricinus, regardless the biogeo-

graphic region of provenience, confirming the ubiquitous distribution of this tick species in

Romania (Dumitrache et al. 2012; Mihalca et al. 2012) and its well-known low host

specificity (Anderson and Magnarelli 1993).

Interestingly, considering the activity pattern of the Eurasian otter (Lutra lutra), and the

only I. hexagonus reported as tick species parasitizing on this host (Sherrard-Smith et al.

2012), our study reveals the presence of two exophilic ticks on Lutra lutra. To the best of

our knowledge, the presence of D. reticulatus in the Eurasian otter represents the first

report on this host. The presence of this tick species parasitizing the otter, a semi-aquatic

mustelid (Pagacz 2016), confirms D. reticulatus adaptive biology and its natural capacity

to live under water up to several months (Földvári et al. 2016). Ixodes ricinus was found

only once in Eurasian otters in Germany after investigations of more than 500 carcasses

(Christian 2012).

The records of I. ricinus and I. hexagonus on the European badger (Meles meles) in

Romania confirm other reports across Europe (Gern et al. 1991; Gern and Sell 2009). Our

study reports also for the first time in Romania, the presence of I. ricinus on the European

pine marten (Martes martes), despite the fact this host-ectoparasite association is com-

monly described in Europe (Sobrino et al. 2012).
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The stone marten (Martes foina) harbored the greatest variety (4) of tick species:

I. ricinus, Ha. concinna, R. rossicus, R. sanguineus s.l., with one individual harboring co-

infestation with three tick species: I. ricinus, Ha. concinna, R. rossicus. The finding of

R. rossicus on the stone marten represents a new host record. However, the area of

collection is included in the normal distribution pattern of this tick species (Dumitrache

et al. 2014). The existing reports show domestic dog as the most suitable host for R.

rossicus adults, at least in some geographical regions (Sándor et al. 2014), but further

investigations are needed to better understand the role of wildlife in the biology of this tick

species.

The finding of R. sanguineus s.l. on stone marten suggests that this host could play an

important role in the spreading and maintaining of this tick species, otherwise known to

occur locally and temporarily in areas with improper environmental conditions (Duscher

et al. 2014). In northern European countries where the climatic conditions are not suit-

able for this tick species, R. sanguineus s.l. can adapt to indoor conditions in mustelids dens

and establish small colonies able to resist at least one winter season (Jaenson et al. 1994).

Previous data regarding ticks’ parasitism on the European polecat (Mustela putorius) in

Romania showed the presence on this mustelid of I. ricinus (Mihalca et al. 2012) and

I. hexagonus (Feider 1965). Our findings confirm the existing reports. No ticks were found

on five (Mustela erminea, M. lutreola, M. nivalis, Vormela peregusna, Ursus arctos) of the

investigated carnivores species. However, previous reports in Romania suggest the

involvement of the European mink (M. lutreola) in the natural cycle of Borrelia

burgdorferi s.s. (Gherman et al. 2012).

Most of the co-infested carnivores (n = 13) were parasitized by I. ricinus in association

with different other tick species. The constant presence of I. ricinus in these co-infestation

or parasitizing as single species is probably due to its wide host range, that includes

approximately 300 species (Anderson 1990). Co-feeding on the same individual could

result in co-infections of the host animal with pathogens vectored by the parasitizing tick

species and/or transmission of disease agents between vector species (Dziemian et al.

2014). Establishing tick co-infestation patterns and species associations could lead to a

better understanding of the eco-epidemiology of tick-borne diseases (Anderson et al.

2013). However, as co-infestation are influenced by different specific factors (season, niche

segregation, competition among tick species) (Anderson et al. 2013; Dziemian et al. 2014),

further targeted studies on this topic are required.

Despite previous reports of other tick species on wild carnivores in Romania (i.e.

I. crenulatus, I. acuminatus/I. redikorzevi, I. rugicollis) (Mihalca et al. 2012), they are

absent in the current studies. This might be related to different sampling geographical areas

and seasonality.

The consequences of anthropogenic changes of the environment (urbanization, indus-

trialization, fragmentation) lead to the diminishing of the boundaries between wild and

domestic animals (Otranto et al. 2015a, b) with consequent increased exposure to infective

agents, including tick-borne pathogens. Each species has its own environmental alcove that

often is shared with other species, including humans (Otranto et al. 2015a, b). In this frame,

the study of tick species associated with wild carnivores has both veterinary and public

health importance, especially in areas where this type of surveillance is limited or absent.
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