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a  b  s  t  r  a  c  t

Regular  collections  were  obtained  in the  Natural  Reserve  of  the  Insugherata  of Rome  during  2011  in  order
to obtain  the  tick  species  composition  and  the  respective  seasonal  dynamics  of  the  area.  A  total  of  325  ticks
was  collected  in  selected  sites  by  means  of  drag  sampling.  Among  the  identified  species,  Rhipicephalus
turanicus  was the  most  abundant  (72.3%),  followed  by Ixodes  ricinus  (19.7%),  Dermacentor  marginatus
(6.5%), Haemaphysalis  punctata  (1.2%),  and  Rhipicephalus  bursa  (0.3%).  R. turanicus  occurred  mainly  in
pastures,  showing  a mono-modal  seasonal  activity  pattern  from  spring  to early  summer.  Questing  I.
ricinus  were  prevalent  in woodland  from  October  to May,  and  the  seasonal  trend  of  specimens  showed
a  weak  peak  in winter.  Although  adult  D. marginatus  exhibited  seasonal  dynamics  similar  to  I. ricinus,
with  an  activity  period  from  October  to  April,  this  species  occurred  in a different  environment  (pasture)
hipicephalus turanicus
hipicephalus bursa

xodes ricinus
ermacentor marginatus
aemaphysalis punctata

and  with  considerably  lower  densities.  Haemaphysalis  punctata  and  R.  bursa  were  rare,  with  an  apparent
autumn  and autumn-winter  seasonal  activity,  respectively.  While  the species  diversity  recorded  appears
as an  unequivocal  consequence  of the  natural  state  of the  park,  the  remarkable  R.  turanicus  density  could
be  a direct  effect  of  the  recent  introduction  of wild boar,  as carriers,  from  the  close  Veio  Park.  The  presence
of  the  species,  a proven  vector  of  various  diseases  in  humans  and  domestic  animals,  is  discussed  in  the
light  of  the  possible  risk  of tick-bite  exposure  of  park  workers  and  visitors.
ntroduction

In recent decades, many urban areas have been created for
he conservation of natural heritage. Although suburban territo-
ies once supporting wild environments have been surrounded
r occupied by human settlements, several members of flora and
auna have managed to survive and to develop inside the chang-
ng synanthropic situations (Alekseev et al., 2008). In particular,
own parks and suburban green zones, where sometimes a great
ariety of livestock and wild animals may  live together, represent
ocal hot spots of recreational activity in urban areas, but at the
ame time offer suitable environments for the introduction and/or
pread of bloodsucking arthropods, for example ticks. In such areas,
icks can survive, feed on different vertebrate hosts, and develop
Please cite this article in press as: Di Luca, M., et al., Seasonal dynamics of
http://dx.doi.org/10.1016/j.ttbdis.2013.06.008

ften becoming infected with several pathogens. The role played by
icks as vectors of diseases in (sub)urban conditions is widely stud-
ed especially in northern Europe (Bašta et al., 1999; Gray et al.,

∗ Corresponding author at: Department of Infectious, Parasitic and Immuno-
ediated Diseases, Vector Borne Diseases and International Health Section, Istituto

uperiore di Sanità, Viale Regina Elena, 299, 00161 Rome, Italy.
el.: +39 06 4990 2128; fax: +39 06 4990 3561.

E-mail address: marco.diluca@iss.it (M.  Di Luca).

877-959X/$ – see front matter ©  2013 Elsevier GmbH. All rights reserved.
ttp://dx.doi.org/10.1016/j.ttbdis.2013.06.008
© 2013 Elsevier GmbH. All rights reserved.

1999; Junttila et al., 1999; Wielinga et al., 2006; Földvári et al.,
2011; Schorn et al., 2011). In Italy, although many investigations
have been conducted in wild environments, few studies exist on
tick occurrence in urban and periurban parks used for recreational
activities (Rivosecchi et al., 1980; Cacciapuoti et al., 1985; Corrain
et al., 2012).

Since a proper understanding of tick ecology is pivotal in pre-
dicting tick-borne pathogen transmission risk in a given area and
in order to bridge this gap, a series of surveys carried out in differ-
ent rural and urban ecosystems of central Italy have been planned.
From this extensive research, we report here the findings of an
acarological investigation undertaken in an urban park of Rome,
during 2011.

Materials and methods

Study area

The Insugherata Natural Reserve (41◦57′17′′ N, 12◦25′35′′ E), so
 tick species in an urban park of Rome. Ticks Tick-borne Dis. (2013),

called for the presence of cork oaks (Quercus suber), was founded
in 1997 and spans 740 ha (Fig. 1). The park is situated in the north-
western sector of Rome, which is characterized by woods and bush
strips in contrast to the south-eastern sector of the city, where

dx.doi.org/10.1016/j.ttbdis.2013.06.008
dx.doi.org/10.1016/j.ttbdis.2013.06.008
http://www.sciencedirect.com/science/journal/1877959X
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ig. 1. The Insugherata Natural Reserve is situated in the north-
estern sector of Rome, Lazio Region, central Italy (map modified from
ttp://www.parks.it/riserva.insugherata/map.php).

astures and uncultivated areas are prevalent. Together with other
rban natural areas (Acquatraversa, Monte Mario, Monti della Far-
esina, Pineto, and Infernaccio Parks), the Insugherata belongs to

 weakly connected woody belt, which is still linked with the
reen zones outside the urban band (Anzalone, 1953; Celesti-
rapow and Fanelli, 1991). The reserve, with its Mediterranean
limate hosts a rich fauna and flora. The sunny slopes of the
ills harbor several oaks (Q. suber, Quercus pubescens,  Quercus cer-
is, Quercus frainetto, and Quercus ilex), while a deciduous wood
xtends on the shadier slopes, including species such as hornbeams
Carpinus betulus), ashes (Fraxinus ornus), English oaks (Quercus
obur), field maples (Acer campestris), Spanish chestnuts (Castanea
ativa), and hazels (Corylus avellana). Along the valleys and the
treams, willows (Salix alba), poplars (Populus alba), and several
erns occur. Foxes, weasels, and porcupines are very common, while
adgers occur only sporadically. Many small mammals (Apode-
us sylvaticus,  Microtus savii, Suncus etruscus, Erinaceus europaeus,

alpa europaea, and Muscardinus avellanarius) and a great vari-
ty of birds, reptiles, and amphibians complete the wild fauna of
he reserve. Only in the past few years, wild boar have spread
rom northern boundaries of the park. Although characterized
y a significant biodiversity with different natural biotopes, also
ith wheat cultivation and sheep pasture, the park represents

n important area for human recreation for many inhabitants of
ome.

ick collections

After two exploratory surveys carried out in June and July 2010,
ick collections were conducted in three selected sites within the
ark twice a month from January to December 2011, along tran-
ects of 100 m each for a total of 12 fixed transects covered per
isit. Site 1 was characterized by wheat fields and pasture for sheep
ocks and rare horses. Site 2 was a deciduous mixed wood with
ainly oaks reflecting the typical vegetation formation of the nat-

ral Roman area (Anzalone, 1953; Blasi, 1984). Ecotonal areas with
ushy glades and sporadic trees surrounding small lawns, pastures,
nd uncultivated fields distinguished site 3. Questing ticks were
ollected in all sites by dragging a 1-m2 woolen blanket through
he vegetation. Collection sessions were performed by 2 investiga-
Please cite this article in press as: Di Luca, M., et al., Seasonal dynamics of
http://dx.doi.org/10.1016/j.ttbdis.2013.06.008

ors between 8:00 and 12:00 in the morning. Because collection
fficiency may  vary individually, collectors were systematically
hanged in each site. The number of ticks on the cloth was counted
nd picked up every 10 m,  and tick abundance was  calculated as
Fig. 2. Species composition by site in the Insugherata Natural Reserve.

the number of ticks collected per 100 m2. During each sampling,
daylight (h) was  assessed and temperature (T) and relative humid-
ity (RH) were recorded using a portable thermo-hygrometer. The
samples were identified according to morphological characters
(Manilla, 1998), and stored at −80 ◦C.

Statistical analysis

Chi-square test was  used to assess the association between
species composition and sampling site and between species activ-
ity and environmental parameters like temperature and humidity.
A p value <0.05 was  considered statistically significant. Statistical
analyses were processed by Stata 11 software.

Results

During 2010–2011 surveys, a total of 325 ticks was  collected
in selected sites: Rhipicephalus turanicus Pomerantzev, 1940, was
the most abundant species (72.3%) with 112 males, 106 females,
and 17 nymphs, followed by Ixodes ricinus (Linnaeus, 1758) (19.7%)
with 33 males and 31 females, Dermacentor marginatus (Sulzer,
1776) (6.5%) with 10 males and 11 females, Haemaphysalis punctata
Canestrini and Fanzago, 1877 (1.2%), with one male and 3 females,
and Rhipicephalus bursa Canestrini and Fanzago, 1877 (0.3%), with
one female.

Chi-square test showed a significant association between
species composition and collection site and between species
dynamics and environmental parameters, T and RH. Species com-
position by site is shown in Fig. 2. Seasonal dynamics of the tick
populations from all sites were calculated and are reported in Fig. 3.

During the beginning of spring, ixodid tick abundance showed
a dramatic increase which led to 2 remarkable abundance peaks
during this season, mainly due to the R. turanicus activity. At the end
of spring, the decreasing trend was followed by an absence of ticks
from our collections during the whole summer period, while the
occurrence of specimens was always constant during the autumn
and winter months, even if at low densities and fluctuating. About
67% of the whole tick sample was  collected in site 1, 20% in site 2,
and the remaining specimens in site 3.

Although widespread in all sites, R. turanicus significantly
occurred in site 1 (p < 0.05). All specimens of this species were
found from the end of March to the beginning of July, with average
temperatures ranging between 14 and 25 ◦C. R. turanicus reached
highest densities on 21st of April and 20th of May  with 7.42 and
3.33 specimens/100 m2, respectively, in correspondence with the
lowest relative humidity values during that period (59% RH). More-
 tick species in an urban park of Rome. Ticks Tick-borne Dis. (2013),

over, almost identical numbers of males and females were collected
(sex ratio 1.05:1.0), while all nymphs were found in a single sur-
vey (20th of May) in site 1. During 2 sporadic surveys carried out

dx.doi.org/10.1016/j.ttbdis.2013.06.008
http://www.parks.it/riserva.insugherata/map.php
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Fig. 3. Seasonal variation in adult activity of the 5 tick species collected in the Insugherata Natural Reserve from blanket dragging and climatic factors recorded for each
s  17 R. 
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urvey  (temperature, relative humidity, and daylight). (*): In this collection survey,

n 2010, only this species was collected (24 specimens on 30th of
une and one specimen on 15th of July).

I. ricinus was observed mainly in site 2 (p < 0.05). The species
as collected from January to May  and from October to the end of

he year, reaching the maximum density in December (0.83 spec-
mens/100 m2) and almost disappearing in the warmer months

hen average temperatures were >20 ◦C (Tmin was  0–14 ◦C, and
max was 10–26 ◦C). It is worth mentioning that the same temper-
tures were measured (average T was 20 ◦C, Tmin 14 ◦C, and Tmax

6 ◦C) at the last record of I. ricinus in spring and the first record in
all (on 20th of May  and 6th of October, respectively). The sex ratio
as 1.06:1.0.

Significantly present in site 1 (p < 0.05), adult D. marginatus were
ound in low density and not continuously (a total of 21 specimens)
rom January to April and from October to December, with a peak
f abundance recorded on 14th of January with 0.58 specimens per
00 m2. This species was active at average temperatures ranging
etween 6 and 20 ◦C. The tick collections showed a sex ratio of
.91:1.0.

Only 4 specimens of H. punctata were collected in the park, 2
ound on 14th of January, with an average temperature of 7 ◦C, the
ther 2 on 18th of October and 3rd of November, with milder tem-

◦

Please cite this article in press as: Di Luca, M., et al., Seasonal dynamics of
http://dx.doi.org/10.1016/j.ttbdis.2013.06.008

eratures (average T 15 C). Three of them were found in site 1, but
nly one specimen in site 3.

Only one specimen of R. bursa was reported. It was collected in
ite 1 on 18th of October.
turanicus nymphs were found, but not included in the analysis.

Discussion

Because in Italy field studies on tick occurrence and population
dynamics in urban and suburban areas are lacking or limited, we
planned an acarological survey in an old park of Rome. Located
in the north-western outskirts of the city, the Insugherata Park
is characterized by both natural, unchanged biotopes and others
influenced by human activities, like grazing, cultivation, and recre-
ational areas, where many citizens spend their working and leisure
time on a daily basis.

During the year, host-seeking ticks were always found on low
vegetation in the study area, except for the warmest months.

In the park, the seasonal distribution shows mainly the pat-
tern of R. turanicus activity, representing about 70% of the whole
tick collection. This species is thermophilic, with a great affinity
for Mediterranean habitats (Estrada-Peňa et al., 2004). Moreover,
Al-Khalifa et al. (2006) showed R. turanicus as a species tolerant to
low RH levels, also at warm temperatures. Its resistance to desic-
cation might explain its ability to colonize many arid habitats. In
Italy, this species, a proven vector of different animal and human
pathogens like Rickettsia conorii, Babesia spp., Anaplasma spp., Thei-
leria ovis, Coxiella burnetii, and Crimean-Congo hemorrhagic fever
 tick species in an urban park of Rome. Ticks Tick-borne Dis. (2013),

virus (Torina et al., 2010; Lalzar et al., 2012; Yesilbag et al., 2013), is
widespread in central and southern regions, where it was recorded
for the first time in the Agro Romano, near Rome by Saratsiotis and
Battelli (1975). Unlike Rhipicephalus sanguineus (Latreille, 1806)

dx.doi.org/10.1016/j.ttbdis.2013.06.008
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ith which it has often been confused in the past (Manilla, 1998), R.
uranicus shows an exophilic behavior and a high ecological plastic-
ty, exhibiting a great adaptability to survive in different biotopes
nd to feed on a broad spectrum of hosts.

At our latitudes, this species was often collected in periurban
elds, characterized by clay soils, where grain or legumes are exten-
ively farmed and in pastures where its usual hosts are found
Manilla, 1998). The adults of this species feed particularly on even-
oed ungulates, like ovine, goat, and bovine, but also on swine (Gilot
t al., 1992). In the Insugherata Park, the species occurred mainly
n pastures and showed a typical monomodal seasonal pattern
rom spring to early summer, confirming the seasonal fluctuations
ecorded in other areas of the Mediterranean region (Gilot and
autou, 1981). The samples collected in mid-summer of 2010 are
xplained by milder temperatures and higher RH values recorded
n May  and June when compared with the following year (Bianchi
t al., 2011).

As expected, the castor bean tick, I. ricinus,  the main vector of
orrelia burgdorferi sensu lato and of the TBE virus in Italy (Cinco
t al., 1998; Hudson et al., 2001; Floris et al., 2006), was  preva-
ent in woodland showing a fluctuating seasonal trend with a peak
n fall/winter, a weak peak in spring, and completely disappeared
rom our collections during the summer period.

Adult D. marginatus were active from October to April, with a
eak in January and occurred mainly in pastures. This species can
ite humans and is a vector of some animal and human pathogens
Selmi et al., 2009; Torina et al., 2010; Masala et al., 2012). The
ther 2 tick species collected in the park, H. punctata and R. bursa
ere very scarce in our collections. H. punctata is a potential vector

f several pathogens (Márquez, 2008; Barandika et al., 2008). The
ollection of 2 out of four specimens in the winter appears pecu-
iar because the species typically shows a bimodal seasonal activity

ith peaks in spring and in autumn (Iori et al., 2005). Finally, the
arest species in our collections was R. bursa with a single specimen
ound in October, and no conjecture on its phenology was  achieved.
his species, which rarely bites humans, is considered the main vec-
or of Babesia spp. of small ruminants in Mediterranean countries
Altay et al., 2008).

Although the ixodid fauna recorded is common in central Italy
Iori et al., 2005), the rich variety of tick species seems an explicit
onsequence of the ecological naturalness of the Insugherata Park,
s previously highlighted for other protected natural areas (Stella
nd Khoury, 1980; Rivosecchi and Khoury, 1986; Frusteri et al.,
994; Iori and Di Paolo, 1999). Furthermore, the park is only par-
ially surrounded by buildings, maintaining an important natural
orridor connected to other green zones, outside the urban band.
n this sector of the city, the former forest phytocoenosis still pre-
ails, whereas pastures and uncultivated areas characterize the
astern part. These 2 divergent landscapes, with specific flora and
auna and divided by the Tevere River, are determined by micro-
limatic, morphological and edaphic as well as historic and urban
actors (Celesti-Grapow and Nazzaro, 1992). The heavy anthro-
ogenic impact due to an intensive agriculture and urbanization
t the eastern and southern periphery of Rome has progressively
aused a drastic decline of biodiversity, leading to a massive preva-
ence of a few ecologically adaptable species, such as R. sanguineus
Rivosecchi et al., 1980; Stella et al., 1988). The presence of wild

ammals and livestock has a direct influence also on the ixodid
auna. In the park, wide areas are pastures for permanent ovine
ocks, and R. turanicus, D. marginatus as well as H. punctata are
onsidered the most frequently found species on small ruminants,
specially in central-southern Italy (Genchi and Manfredi, 1999;
Please cite this article in press as: Di Luca, M., et al., Seasonal dynamics of
http://dx.doi.org/10.1016/j.ttbdis.2013.06.008

eiana and Arru, 1960). The recent invasion of wild boar (Sus scrofa
crofa) from the more northern Veio Park (the earliest tracks go
ack to 2005) could have directly affected the distribution and the
bundance of ticks. For example, the high R. turanicus density may
 PRESS
e Diseases xxx (2013) xxx– xxx

be explained by the spread of this invasive wild ungulate, acting
as an additional host for this species and enhancing its abundance
(Manfredi et al., 1999; Keysary et al., 2011). In addition, it should
be taken into account that wild boar may  bring still other tick
species and some tick-borne pathogens from sylvatic to periurban
environments and may act as a reservoir for them (Ortuño et al.,
2007). In recent years, several tick-borne diseases have emerged
in temperate climates (Piesman and Eisen, 2008) due to pathogen
introduction into naïve areas.

Although all tick species recorded in the park are recognized as
potential vectors of different pathogens for animal and humans,
very little is known about the possible circulation of tick-borne
pathogens in Rome. A few studies carried out in wild areas of the
province of Rome, investigated the occurrence of pathogens in ticks,
identifying 4 Borrelia burgdorferi genospecies and Anaplasma phago-
cytophilum in I. ricinus (Cinco et al., 1997; Santino et al., 2002) and
spotted fever group rickettsiae in R. sanguineus (Cacciapuoti et al.,
1985).

In Italy, the incidence of tick-borne diseases in humans still
seems highly underestimated because of poor surveillance of these
zoonoses, misdiagnoses, asymptomatic cases, and an infectious
disease-reporting system not widely applied, with an unrealisti-
cally low number of notifications.

Although in Rome there has been no recent evidence of the cir-
culation of any pathogens transmitted by ticks, there is a high risk
of being bitten by these arthropods for people in the Insugherata
park especially in spring and autumn when more people visit the
area.

To reduce tick exposure, prevention efforts should focus on 2
objectives, one general and one individual. The reserve manage-
ment should try to reduce host/tick interactions by preventing the
forays of wild boar from the northern natural areas, and by control-
ling grass and brush particularly along paths and in pic-nic areas,
as well as checking the health of flocks grazing in the park. The
individual approach should provide both visitors and profession-
als frequently exposed to ticks (i.e. forestry rangers, shepherds,
farmers) with specific information about the risk of tick bites and
recommend appropriate behavioral measures to be taken, includ-
ing protective clothing, the use of insect repellent, tick checks, and
early tick removal (Mead, 2011). In the light of global changes and
of consequent concerns raised about the possible introduction and
spread of several important tick species (Randolph and Rogers,
2003; Ergonul, 2006; Sumilo et al., 2008; Jaenson and Lindgren,
2011), resources should be made available and addressed to allow
continuity of monitoring activities for collection of both questing
ticks and ticks parasitizing mammals or birds, at the same time
implementing a search for potentially circulating pathogens.

Finally, an evaluation of tick infestation is crucial for under-
standing the entity of tick bite risk and tick-borne disease
transmission; in fact this knowledge is the base to plan aimed
control strategies.
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