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Abstract 

Background:  Ticks are increasingly acknowledged as significant vectors for a wide array of pathogens in urban 
environments with reports of abundant tick populations in recreational areas. The study aims to contribute to a better 
knowledge of the abiotic and biotic factors which impact the ecology of hard ticks in urban and peri-urban habitats 
in Romania.

Methods:  Questing ticks were collected by flagging in seven recreational locations, from four types of habitats in 
Cluj-Napoca, Romania: parks; gardens; a cemetery; and peri-urban forests. Hedgehogs, birds and micromammals were 
also sampled and searched for ticks, using standard methods (i.e. torch-based searches, ornithological mist nets, snap-
traps, etc.), while vegetation was evaluated on surveyed areas. Data on questing ticks were converted to abundance 
indices. Moodʼs median tests were used to assess the relationship between the abiotic and biotic factors and the 
abundance of questing ticks.

Results:  Two species of questing ticks were found: Ixodes ricinus (96.8%) and Haemaphysalis punctata (3.2%). Ixodes 
ricinus was also the predominant engorged tick collected from urban wildlife. For I. ricinus the highest mean total 
abundance index/location (total no. of ticks/100 m2) was recorded in the urban gardens (3.79, 95% CI: ± 1.59) and 
parks (2.68, 95% CI: ± 0.75), whereas the lowest mean total abundance index was noted in the peri-urban forests (0.06, 
95% CI: ± 0.03) and the urban cemetery (0.04, 95% CI: ± 0.02). The adults and nymphs of I. ricinus displayed a bimodal 
activity pattern, while the larvae showed a unimodal questing behaviour with an autumnal peak. Positive correlations 
were found between the mean total abundance index and the rise in the daily mean temperature and relative humid‑
ity, and between the global abundance of questing ticks and the presence of hedgehogs in the respective locations 
(P < 0.01).
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Background
Considering their vectorial role, ticks are amongst the 
most important blood-feeding arthropods globally. Sur-
passed only by mosquitoes, ticks circulate a great diver-
sity of pathogens which are known to cause many animal 
and human diseases worldwide [1, 2].

Several ecological factors can influence both the host 
and the tick populations, thus they shape the eco-epide-
miology of zoonotic tick-borne diseases [3]. Climate and 
land-use changes and the recent increase in urbanization 
play a key role in the emergence of human tick-borne 
pathogens [4–6].

Ticks have long been included in the urban fauna, with 
numerous reports of their presence particularly in subur-
ban areas [6]. The worldwide increase of the urbanisation 
rate in the recent decades has significantly altered biodi-
versity levels and impacted both tick-host assemblages 
and tick infection rates [5]. In Europe, the recent increase 
in peri-urbanisation and the human activities related to 
this transformation, depict urban and peri-urban sites as 
favourable habitats for human-tick encounters. The pat-
terns of urbanisation are distinct in Europe, showing a 
network of cities denser than elsewere in the world [7]. 
In many European settlements, green areas inside cities 
such as forests, gardens, parks, cemeteries, and large pri-
vate properties in peri-urban areas have been preseved as 
an effort to increase urban living standards. Such loca-
tions provide appropriate environmental conditions and 
sufficient host densities for the development of ticks, and 
maintainance of tick-borne pathogen foci [6, 8, 9].

Of the c.700 hard tick (Ixodidae) species described so 
far, the most relevant genera for public health are Ixodes, 
Haemaphysalis, Dermacentor, Rhipicephalus, Hyalomma 

and Amblyomma [10]. The generalist I. ricinus is Europe’s 
most prominent and widely distributed tick species and 
a vector for pathogens of public health relevance such 
as the tick-borne encephalitis virus, Borrelia burgdorferi 
(s.l.), B. miyamotoi, Anaplasma phagocytophilum, Rick-
ettsia helvetica, R. slovaca, R. monacensis, Babesia diver-
gens, B. microti, B. venatorum and Bartonella henselae [7, 
9, 11]. Recent reports concerning I. ricinus underline sev-
eral ecological changes such as an increase in abundance 
and questing periods and expansion of habitat including 
urbanized areas, all assigned to various interconnected 
factors including microclimate and climate parameters, 
habitat characteristics, or host availability [10, 12, 13]. 
Regarding the latter factor, it is worth mentioning that 
most urban wildlife species are highly adaptable due to 
their generalist behaviour and can reach even higher 
population densities than in natural sites [14]. The major-
ity of urban-dwelling vertebrate species can act both as 
tick-maintenance hosts and reservoirs of tick-borne path-
ogens, thus playing an important role in the distribution 
and maintenance of tick populations and associated TBPs 
[10]. While I. ricinus is not the only tick species present 
in urbanised areas, there is a paucity of data regarding 
the distribution and vectorial capacity of other medically 
significant tick species in Europe’s urban and peri-urban 
sites [15, 16].

In Romania, major adjustments in land-use and aban-
donment rate, urbanization, and expansion of agricul-
ture marked the outcomes of agricultural and industrial 
revolutions [17]. Given its geographical position and 
with a moderate continental climate Cluj stands out as a 
county with great biological diversity, expressed both at 
ecosystem and species level [17]. Recently, the level of 

Conclusions:  Ticks were collected in all the recreational sites surveyed in Cluj-Napoca. Ixodes ricinus was the domi‑
nant questing and engorged tick species. Several abiotic and biotic factors shape the ecology of ticks in Cluj-Napoca 

city, with climate and the local presence of suitable hosts being the most important.

Keywords:  Ixodidae, Ixodes ricinus, Haemaphysalis punctata, Recreation areas, Urban wildlife
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urbanization in Romania, as in Cluj county, has been on 
a constant rise. Still, Romania is dealing with a dearth of 
information concerning the ecology of tick populations 
and the risk of acquiring tick-borne diseases in urban rec-
reational areas. In Romania, the studies that also include 
ticks collected in urban areas focus either on the patho-
gen diversity in questing ticks [18, 19] or the prevalence 
of pathogens in engorged ticks, collected from animal 
hosts [20, 21]. Additionally, other papers briefly report 
data on ticks biting humans in Cluj and Sibiu counties 
[22–25]. Apart from the study of Pavel et al. [26] in four 
urban areas in Iași county, there is no information con-
cerning the ecology of ticks in urban areas in Romania.

Poor data regarding the hard tick fauna and tick-main-
tenance wildlife hosts in urban areas in Romania have 
motivated this research. The study aims to contribute to 
a better knowledge of the ecological factors which impact 
the diversity, abundance, and seasonality of hard ticks, 
consequently acting as major hazard determinants of 
tick-borne diseases in urban environments.

Methods
Study area and design
Cluj county, comprising an area of 6,674 km2, is situated 
in the north-western part of Romania. According to the 
Cluj County Directorate of Statistics [27] in 2019, the 
county of Cluj had a stable population of 732,267 inhab-
itants. Of the total population, 66% live in urban areas, 
while 34% of the inhabitants live in rural areas [17]. 
The majority of the urban population (321,687 inhabit-
ants) lives in the municipality of Cluj-Napoca (46.76°N, 
23.58°E) the largest city of the county, and the fourth 
most populous city in Romania in 2016 [28].

From March to November 2018, flagging, sampling 
and trapping campaigns were performed in five urban 
and two peri-urban locations inside Cluj-Napoca, Roma-
nia, as follows: the campus of the University of Agricul-
tural Sciences and Veterinary Medicine (referred to as 
USAMV Campus); Mănăștur Cemetery; Iuliu Haţieganu 
Park; Alexandru Borza Botanical Garden; a private back-
yard garden (situated in the city centre); and Hoia and 
Făget peri-urban forests (Table  1). All locations, except 
for the private garden, are open to the public and used for 
leisure time activities. The private garden was included 
to assess the risk of human-tick encounters in a more 
restricted area.

Flagging
The flagging campaigns started in March 2018 and con-
tinued throughout the year, once every two months, 
until November, which marked the last successful 
sampling (defined as the third consecutive unsuccess-
ful flagging event in all locations). For this particular 

activity (as well as for the micromammal trapping) 
the locations were divided into three groups (Fig.  1) 
according to their geographical position, as follows: 
Group 1 (USAMV Campus and Mănăştur Cemetery); 
Group 2 (Iuliu Haţieganu Park and Alexandru Borza 
Botanical Garden); and Group 3 (Hoia forest, Făget 
forest, and the private garden). Therefore, two or three 
locations were simultaneously assessed each week of 
the campaign for three consecutive days during the 
daytime between 9:00 h and 16:00 h. (Additional file 1: 
Table S1). The duration of each flagging event was 1 h 
per site when two experienced researchers simultane-
ously performed the flagging.

Some field visits were postponed for 1–3  days, due 
to unfavourable meteorological conditions. The areas 
surrounding natural or paved pathways, picnic areas, 
and footpaths that are usually frequented by people 
were of particular interest for each location. The flags 
consisted of flannel fabric (50 × 50  cm) attached to 
a wooden stick. All the collected ticks were stored in 
tubes with absolute ethanol. Standard variables (tem-
perature: minimum, maximum, average; and relative 
humidity), were retrieved off-site for the locations on 
each date of sampling using the meteoblue meteoro-
logical archive graphics available online [29]. Because 
the standard variables were collected online, slight dif-
ferences between our data (temperature and relative 
humidity) and the variables of the local microhabitats 
in each location are possible.

Vegetation survey
The habitat type was recorded in each location (park, 
woodland, woodland edge, grassland and hedge) and 
the vegetation cover was assessed in each survey plot, 
using visual estimation of shrub, arboreal and peren-
nial grass cover. Percentage cover of perennial grass and 
sward height (computed into 3 index categories: 0–20, 
21–40 and > 41  cm height, measured using a ruler) was 
measured for each 100 m2 area where flagging was per-
formed. Any bare area (pavement and gravel-covered 
walkways) were excluded. In addition we estimated the 
area of shrub layer (considered only where no grass was 
present below shrubs), while any area covered by closed 
canopy trees was assigned into arboreal cover in each 
plot. We computed a composite index (determined by 
log-transforming the % cover of the three major habitat 
types) for each surveyed area. Sward height (although 
measured) was discarded as regular grass management 
kept grass height below 20 cm in most areas, while grassy 
patches were scarce inside forests. In forests, major forest 
type was assigned into dominant if dominant tree species 
covered > 45%.
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Urban wildlife sampling
The purpose of this activity was to evaluate the role of 
birds, hedgehogs, and other rodents in the eco-epide-
miology of ticks in urban environments. Host presence 
was monitored in each location using either standardised 
methods like torch-based searches (hedgehogs), ornitho-
logical mist nets (birds), snap-traps (micromammals), or 
through actual visualisation of hosts (domestic animals) 
or evidence of hosts (i.e.: faeces and birdsong).

Hedgehog sampling
The locations (all but the private garden) were screened 
for the presence of hedgehogs (see Additional file  1: 
Table S1). The searches were performed during the night 
(22:00–3:00 h) by two persons. The equipment consisted 
of headlamps and thick welding gloves for hedgehog han-
dling. The caught hedgehogs were kept overnight, with 
animals being screened for ticks the following morning. 
Tick screening was performed under anaesthesia (per-
formed at the Department of Surgery, Anesthesiology 
and Intensive Therapy of the Faculty of Veterinary Medi-
cine of Cluj-Napoca by trained professionals to minimize 

the stress of the hedgehogs) to facilitate a thorough exam-
ination for the presence of ticks. Food was restricted until 
after anaesthesia, but water was available throughout the 
night before the procedure. The hedgehogs were anes-
thetized using the inhalation technique [30]. The induc-
tion was performed with isoflurane 5% in 100% oxygen 
administered into an induction chamber connected to a 
non-rebreathing system. The anaesthesia was also main-
tained using isoflurane 2% in oxygen delivered through a 
mask held over the animal’s nose [31]. After anaesthesia, 
all the hedgehogs were identified to species, sexed and 
weighed. All ticks were removed and stored in absolute 
ethanol. The tip of a bunch of spikes in the dorsal region 
was painted with light-coloured nail polish, for identifica-
tion in case of recapture. The hedgehogs were monitored 
until full recovery from the anaesthesia. Before release, 
wet cat food and water were provided and during the 
same evening, all the hedgehogs were released back to 
the capture area.

Fig. 1  The geographical positioning of the collection sites. 1: USAMV Campus; 2: Mănăștur Cemetery; 3: Iuliu Haţieganu Park; 4: Alexandru Borza 
Botanical Garden; 5: Hoia forest; 6: Făget forest; 7: Private central garden
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Bird sampling
For this activity, three locations (USAMV Campus, Iuliu 
Haţieganu Park and Alexandru Borza Botanical Garden) 
were processed individually. The dates of the bird sam-
plings are described in Additional file  1: Table  S1. The 
campaigns lasted two consecutive days for each location. 
Three 12 m long ornithological mist nets with 5 longitu-
dinal pockets were placed in various areas, where bird 
activity was previously noticed. The trapped birds were 
identified to species, age and sex [32]. Ticks, if present, 
were removed and collected in tubes with absolute etha-
nol. Before release, each bird was individually marked 
using standard metal rings.

Micromammal trapping
Micromammal trapping campaigns were conducted in 
all seven locations during the same days as the flagging 
activity (Additional file  1: Table  S1). Seventy-five baited 
(peanut butter) snap-traps were placed in each location. 
The traps were positioned near dumpsters, alongside 
fences, hedges, under trees and bushes, along riverbeds, 
camouflaged in the vegetation, at an approximate dis-
tance of 1.5–2 m from one another. A coloured flag was 
placed by each trap, to facilitate the retrieving process. 
The traps were positioned on-site for three consecu-
tive days. Daily check-ups were performed to collect the 
trapped micromammals and refill the traps with bait. All 
the micromammals were individually collected in trans-
parent zip-bags. The identification of micromammals to 
species level was performed using morphological char-
acters [33]. The micromammals underwent a thorough 
visual examination, with ticks being removed and stored 
in individual vials in absolute ethanol according to indi-
vidual hosts.

Tick identification
All ticks were labelled and stored at − 20 °C until further 
processing. Ticks were identified morphologically to spe-
cies and developmental stage level. Species-specific iden-
tification was performed using the morphological keys in 
[34] under a stereomicroscope.

Statistical analysis
To compare data between sampling sites, data on the 
questing tick species were converted to abundance indi-
ces (AI) which express the number of ticks collected per 
each 100 m2 flagged [35]. Due to the low numbers of 
other questing tick species, the AI was only calculated 
for I. ricinus ticks (separately for each stage, location and 
flagging event), as follows: the adults (males and females 
were considered together, due to the low number) (AIA); 

nymphs (AIN); larvae (AIL); and the total number of I. 
ricinus ticks per location (AIT). Another abundance 
parameter that was calculated for each location individu-
ally is the AIG. The AIG represents the global number of 
ticks collected in each location regardless of species and 
stage. Non-parametric Kruskall-Wallis tests and Moodʼs 
median tests were used to compare the AIG between 
locations. The conversion was performed according to 
the formula: AI = (TR × 100)/a, where TR represents 
the number of ticks collected, and a is the surface of the 
sampled area in square meters, as presented in [35]. Sea-
sonal abundance values for I. ricinus ticks were tested in 
four locations in Cluj-Napoca (USAMV Campus, Iuliu 
Haţieganu Park, Alexandru Borza Botanical Garden and 
the private garden), using the abundance indexes AIL, 
AIN and AIA. The AIL, AIN, AIA and AIT of I. ricinus 
ticks were also used to determine the distribution of ticks 
concerning the mean temperature and relative humidity. 
Non-parametric correlation (Spearman’s rank correla-
tion) was used to assess the relationship between climatic 
parameters (mean temperature and humidity) and AIT. 
The Wilcoxon rank-sum test was used to assess the 
importance of urban wildlife. The influence of the local 
vegetation on the abundance of questing ticks was tested 
by constructing generalised linear models (GLM from 
the “MASS”package) as described in [36]. The dependent 
variable was the tick abundance in each location (AIG) 
and the predictors were the recorded vegetation features 
(habitat and vegetation type and vegetation index). We 
also tested the habitat and vegetation type interaction, 
since different vegetation features can generate distinct 
effects within habitats. The initial model was reduced by 
backwards stepwise model selection, excluding the factor 
with the highest P-value. The statistical analysis was per-
formed using R statistical software (3.4.3 version).

Results
Urban tick diversity
During March-November 2018, 3383 ticks were collected 
at the seven sampling sites (Table 2). The majority of the 
ticks were larvae (n = 3177), to a lesser extent, nymphs 
(n = 199) and adults (n = 136; 63 females and 73 males). 
The predominant species was I. ricinus (n = 3290; 97.2%) 
followed by Haemaphysalis punctata (n = 93; 2.7%). 
Ixodes ricinus was collected in all locations while H. 
punctata was present in all but two locations. Due to the 
low number of specimens, H. punctata was not included 
in further statistical analyses.

The abundance of questing ticks
Significant differences were recorded in the AIT of I. 
ricinus ticks between the USAMV Campus and Iuliu 
Haţieganu Park (Z = 2.88, P < 0.001), between Iuliu 
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Haţieganu Park and Hoia forest (Z = 3.09, P < 0.001), 
Făget forest (Z = 3.34, P < 0.001), Mănăştur Cemetery 
(Z = 2.96, P < 0.0075), and also between Alexandru Borza 
Botanical Garden and Hoia forest (Z = 3.92, P < 0.001), 
Făget forest (Z = 3.34, P < 0.001), Mănăştur Cemetery 
(Z = 4.17, P < 0.001). Also, a higher AIN was found at 
Iuliu Haţieganu Park (0.3) compared to USAMV Campus 
(0.01; Z =  − 3, P < 0.01) (Table 3).

Due to the low AIL, AIN and AIA of Făget forest, Hoia 
forest and Mănăştur Cemetery, these locations were 
omitted from further comparison. The AI of I. ricinus 
ticks, considering all sampling sites together, were as fol-
lows: the AIL was 8.53/100 m2; the AIN was 0.47/100 m2; 
the AIA was 0.3/100 m2; and the AIT was 9.3/100 m2. The 
AIG differed significantly between locations (χ2 = 87.5, 
df = 55, P < 0.003) (Fig.  2). Variations in tick abundance 

between locations were compared using Moodʼs median 
test.

Seasonality of questing ticks
Seasonal abundance values were evaluated in four loca-
tions (USAMV Campus, Iuliu Haţieganu Park, Alexan-
dru Borza Botanical Garden and the private garden). The 
seasonal variation in the AI of each life stage of I. ricinus 
ticks is shown in (Fig. 3). The phenology of I. ricinus ticks 
in Cluj-Napoca showed a unimodal pattern of activity 
for larvae and a bimodal one for nymphs and adults. The 
first questing larvae were usually observed in May, and 
the highest AIL was detected between June and Septem-
ber, with a peak in August, followed by a lower number 
of larvae which remained active during autumn. Adults 
showed an early-onset of activity (March). Both the 
nymphs and the adults of I. ricinus were active during 

Table 2  Questing tick species collected in Cluj-Napoca

Species Stages USAMV Campus Mănăştur 
Cemetery

Iuliu 
Haţieganu 
Park

Alexandru Borza 
Botanical Garden

Hoia forest Făget forest Private garden Total

I. ricinus Females 12 8 4 5 5 15 – 49

Males 10 5 11 12 6 15 2 61

Adults 22 13 15 17 11 30 2 110

Nymphs 20 – 88 17 24 14 7 170

Larvae 683 8 1542 621 5 4 147 3010

Total 725 21 1645 655 40 48 156 3290

H. punctata Females 1 9 2 – – 1 – 13

Males 2 8 2 – – 3 – 15

Adults 3 17 4 – – 4 – 28

Nymphs 2 3 7 – 1 22 – 35

Larvae – 1 – – 6 23 – 30

Total 5 21 11 – 7 49 – 93

Total 730 42 1656 655 47 97 156 3383

Table 3  The AIL, AIN, AIA and AIT for Ixodes ricinus, and the AIG (all questing ticks regardless of tick species) in each location in Cluj-
Napoca

Location Abundance: mean (± 95% CI)

AIL AIN AIA AIT AIG

USAMV Campus 0.77 (± 0.56) 0.02 (± 0.02) 0.02 (± 0.03) 0.81 (± 0.53) 0.81 (± 0.55)

Mănăştur Cemetery 0.01 (± 0.01) 0.01 (± 0.01) 0.02 (± 0.02) 0.04 (± 0.02) 0.065 (± 0.03)

Iuliu Haţieganu Park 5.42 (± 4.52) 0.31 (± 0.38) 0.06 (± 0.16) 5.78 (± 4.41) 5.81 (± 4.4)

Alexandru Borza Botanical 
Garden

1.79 (± 1.46) 0.03 (± 0.03) 0.05 (± 0.04) 1.88 (± 0.96) 1.87 (± 0.96)

Hoia forest 0.02 (± 0.01) 0.03 (± 0.04) 0.02 (± 0.02) 0.06 (± 0.07) 0.07 (± 0.06)

Făget forest 0.01 (± 0.01) 0.02 (± 0.02) 0.02 (± 0.02) 0.04 (± 0.03) 0.073 (± 0.07)

Private garden 5.02 (± 2.17) 0.3 (± 0.23) 0.17 (± 0.6) 5.49 (± 2.08) 5.52 (± 2.07)
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all three seasons, and presented a major spring to early 
summer peak (April-June), with a second, minor peak in 
September. Significant differences were found in USAMV 
Campus, concerning the AIL between spring (0.06) and 
summer (2.76; P < 0.05) and the AIA between spring 
(0.04) and autumn (0; P < 0.05). During spring, a higher 
AIL was observed at Alexandru Borza Botanical Garden 
(2.82) compared to USAMV Campus (0.1; P < 0.05). Also, 
during autumn a significantly higher AIN was found in 
Iuliu Haţieganu Park (0.13) compared to USAMV Cam-
pus (0; P < 0.01).

The influence of abiotic factors on questing ticks
During the samplings, the average temperatures ranged 
between 2–33  °C. Larvae were present even at maxi-
mum daily temperatures above 30  °C, but no adults 
were found at 30  °C. Overall, in the examined range, 
there was a significant correlation between the abun-
dance of questing ticks and the daily mean temperature 
of the flagging campaigns (Fig. 4). There was a significant 

positive correlation between the mean temperature, the 
AIT (rho = 0.369, P < 0.01), and the AIL (rho = 0.428, 
P < 0.01), while the AIA (correlation was marginally 
non-significant) showed a decrease in abundance with 
the increase of the mean temperature. Positive corre-
lations were found between the maximum daily tem-
perature and the AIL (rho = 0.353, P < 0.001) and the 
AIT (rho = 0.372, P < 0.001). Also, the AIL (rho = 0.527, 
P < 0.001) and the AIT (rho = 0.372, P < 0.001) correlated 
significantly with the rise of the minimum daily tempera-
ture. There was a weak negative correlation between the 
AIA (rho =  − 0.277, P = 0.005) and the minimum daily 
temperature.

During the samplings, the relative humidity ranged 
from 25 to 75%. An overall positive correlation was 
detected between the relative humidity and the AIL 
(rho = 0.218, P < 0.01; Fig.  5). Even so, a slight decrease 
can be noticed in the AIA (correlation was not signifi-
cant) at a higher RH, probably due to the low number of 
adults compared to immature stages.

Fig. 2  The AIG (all tick species together) of questing ticks in the seven locations in Cluj-Napoca. *Hedgehog presence confirmed; ** location not 
searched for hedgehogs
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Questing ticks and vegetation
The surveyed areas showed a diverse array of vegetation 
types, with grass/forb cover being the dominant (mean 
cover 69.22%, 95% CI: ± 0.053) and present in all sampled 
10 × 10  m plots. Shrub layer was present in most plots, 
ranging from 10 to 60% cover (mean cover 17.55%, 95% 
CI: ± 0.035), while trees were dominant only in the two 
peri-urban forests (mean cover 22.75%, 95% CI: ± 0.052). 
There were major differences between individual loca-
tions in shrub or tree cover, while the differences in grass 
cover were not significant (Additional file  2: Table  S2). 
We found no relationship between vegetation composi-
tion and tick abundance or distribution.

Ticks on urban wildlife
Hedgehogs carried a considerably higher number of 
ticks (Table  4) than any other surveyed vertebrate spe-
cies, therefore the data analysis regarding the influence 
of urban wildlife on the abundance of questing ticks was 
only performed for hedgehogs.

Hedgehogs
Eleven northern white-breasted hedgehogs (Erinaceus 
roumanicus) (8 females and 3 males), from Cluj-Napoca 
were screened for the presence of ticks. Hedgehogs 
were only found in three urban locations: USAMV 
Campus; Iuliu Hațieganu Park; and Alexandru Borza 
Botanical Garden. Engorged ticks were collected from 
all the captured hedgehogs. The number of ticks per 
hedgehog ranged from 8 to 331. Three of the 11 hedge-
hogs carried more than half of the ticks (728/1077). 
Tick burden did not significantly differ between sexes 
(P = 0.5) or locations (χ2 = 3.06, df = 2, P = 0.22). In 
total, 1077 ticks were identified to the species level 
using morphological keys (Table  4). Ixodes ricinus 
ticks were more prevalent (n = 966; 89.7%) followed 
by I. hexagonus (n = 83; 7.7%) and H. punctata (n = 28; 
2.6%). The proportion based on the life stages for I. rici-
nus was as follows: larvae 67% (648/966); nymphs 27.3% 
(264/966); females 3.72% (36/966); and males 2.38% 

Fig. 3  Seasonality of I. ricinus ticks in four recreational sites in Cluj-Napoca. The locations assessed are: USAMV Campus; Iuliu Hațieganu Park; 
Alexandru Borza Botanical Garden; and the private garden. For optimal viewing, a small scale graphic of the phenology of nymphs and adults is 
embedded in the top left corner of the image
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(23/966). For I. hexagonus, the identified stages were 
females 75.9% (63/83), males 22.9% (20/83), and lar-
vae 1.2% (1/83). The proportion based on the life stage 
for H. punctata was: larvae 71.4% (20/28); and nymphs 
28.5% (8/28); no adult was collected. Co-infestations 
(n = 9, 81.8%) were more common than infestation 
with only one species of tick (n = 2). Five hedgehogs 
were co-infested with I. ricinus and I. hexagonus ticks, 

3 hedgehogs presented co-infestation with all three tick 
species, and 1 hedgehog was co-infested with I. rici-
nus and H. punctata ticks. The locations where hedge-
hog presence was confirmed had a higher average AIG 
(2.45) of questing ticks in comparison to the locations 
without hedgehogs (Wilcoxon rank-sum test, P < 0.01, 
Fig. 2).

Fig. 4  The abundance of I. ricinus ticks to mean temperature in Cluj-Napoca. Abbreviations: AIL, the abundance index of larvae; AIN, the abundance 
index of nymphs; AIA, the abundance index of adults; AIT, the total abundance of ticks
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Birds
A total of 57 birds were analysed during 2018 in Cluj-
Napoca (Table 5). Of these, 11 (21.05%, 95% CI: ± 8.57) 
presented engorged ticks. From the 22 collected ticks, 
68% (15/22; 12 nymphs and 3 larvae) were identified as 
I. ricinus, which was the most prevalent species feed-
ing on the birds (χ2 = 7.6, df = 2, P = 0.02237). Haema-
physalis ticks were identified as H. concinna 22.7% (3 
nymphs) and H. punctata 9% (2 larvae). The most 

common life stage retrieved from birds were nymphs 
(n = 17) followed by larvae (n = 5). Infestations with 
a single tick species (n = 7) were more common than 
co-infestations (n = 3). Ticks were collected from the 
following bird species: Erithacus rubecula; Garrulus 
glandarius; Passer montanus; Phylloscopus collybita; 
Turdus merula; and Sturnus vulgaris (Table  5). The 
most infested bird species was S. vulgaris with a preva-
lence of 50% and mean infestation intensity of 3 ticks 
(n = 2).

Fig. 5  The abundance of I. ricinus ticks to the relative humidity in Cluj-Napoca. Abbreviations: AIL, the abundance index of larvae; AIN, the 
abundance index of nymphs; AIA, the abundance index of adults; AIT, the total abundance of ticks
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Micromammals
Altogether, 31 micromammals were collected and ana-
lysed during 2018 (Table  6). Eight (32%, 95% CI: ± 14) 
had one or multiple ticks attached. Ticks were collected 
from Apodemus agrarius (n = 3), A. flavicollis (n = 3), 
Talpa europaea (n = 1) and Sorex minutus (n = 1). 
The highest tick infestation was found in A. flavicollis 
(prevalence 50%, 95% CI: ± 38; mean intensity 3.6, 95% 
CI: ± 5.8). Twenty ticks were collected and identified 

morphologically as I. ricinus (1 nymph and 19 larvae). 
The majority of the ticks were found co-feeding on two 
A. flavicollis (n = 5 on each) and one T. europaea (n = 4). 
The ticks were clustered around the face, at the tip of the 
ears or on the tail. Except for the specified areas, ticks 
were not present on any other body parts.

Table 4  Hard tick fauna of hedgehogs collected in Cluj-Napoca

Location Host sex I. ricinus I. hexagonus H. punctata Total

F M N L T F M N L T F M N L T

USAMV Campus ♀ 2 – 19 10 31 – – – – – – – – – – 31

USAMV Campus ♂ 22 8 129 8 167 – – – – – – – 3 – – 170

USAMV Campus ♂ 1 – 1 2 4 3 1 – – 4 – – – – – 8

USAMV Campus ♂ 1 – 9 22 32 4 – – – 4 – – – – – 36

Iuliu Hațieganu Park ♀ – 1 6 215 222 3 – – – 3 – – 2 – 2 227

Iuliu Hațieganu Park ♀ – – 3 32 35 – – – 1 1 – – 1 1 2 38

Iuliu Hațieganu Park ♀ – – 9 51 60 5 1 – – 6 – – – – – 66

Iuliu Hațieganu Park ♀ – 2 18 287 307 2 1 – – 3 – – 2 19 21 331

Alexandru Borza Botanical Garden ♀ – 2 41 4 47 9 – – – 9 – – – – – 56

Alexandru Borza Botanical Garden ♀ 9 5 6 8 28 – – – – – – – – – – 28

Alexandru Borza Botanical Garden ♀ 1 – 23 9 33 37 16 – – 53 – – – – – 86

Table 5  Bird species and associated ticks collected in Cluj-Napoca

Abbreviations: IR, Ixodes ricinus; HC, Haemaphysalis concinna; HP, Haemaphysalis punctata; L, larva; N, nymph

Host species By location With ticks Ticks species and stage

Columba livia (n = 2) USAMV Campus (n = 2) – –

Corvus frugilegus (n = 3) USAMV Campus (n = 1); Iuliu Hațieganu Park 
(n = 2)

– –

Dendrocopos major (n = 1) USAMV Campus (n = 1) – –

Erithacus rubecula (n = 5) USAMV Campus (n = 2); Iuliu Hațieganu Park 
(n = 1); Alexandru Borza Botanical Garden (n = 2)

USAMV Campus (n = 1) 1. IR × 1L + IR × 1 N

Fringilla coelebs (n = 2) USAMV Campus (n = 2) – –

Garrulus glandarius (n = 1) Iuliu Hațieganu Park (n = 1) Iuliu Hațieganu Park (n = 1) 1. IR × 1L + IR × 1 N

Parus major (n = 13) USAMV Campus (n = 4); Iuliu Hațieganu Park 
(n = 2); Alexandru Borza Botanical Garden (n = 7)

– –

Passer montanus (n = 6) USAMV Campus (n = 6) USAMV Campus (n = 4) IR × 1 N/each bird

Phylloscopus collybita (n = 3) USAMV Campus (n = 3) USAMV Campus (n = 1) 1. IR × 1 N

Sitta europaea (n = 2) USAMV Campus (n = 2) – –

Streptopelia decaocto (n = 1) USAMV Campus (n = 1) – –

Sturnus vulgaris (n = 4) USAMV Campus (n = 4) USAMV Campus (n = 2) 1. IR × 1 N + HC × 3 N;
2. HC × 2 N

Sylvia atricapilla (n = 1) USAMV Campus (n = 1) – –

Troglodytes troglodytes (n = 2) Alexandru Borza Botanical Garden (n = 2) – –

Turdus merula (n = 11) USAMV Campus (n = 5); Alexandru Borza Botanical 
Garden (n = 6)

1. USAMV Campus (n = 1);
2. Alexandru Borza Botani‑

cal Garden (n = 1)

1. IR × 2 N;
2. IR × 1L + IR × 1 N + HP × 2L
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Discussion
Ixodes ricinus is by far the most common hard tick in 
Europe’s [9] or Romania’s [37, 38] natural and urban habi-
tats both regarding its distribution range and host spec-
trum. With two questing tick species, I. ricinus (n = 3290) 
and H. punctata (n = 93) collected in the seven locations 
in Cluj-Napoca, our results are comparable with the 
findings from other urban areas of Europe [36, 39, 40] 
or Romania [26]. Several studies in Cluj and neighbour-
ing counties mentioned I. ricinus as the most abundant 
tick species feeding on humans [23, 25]. Haemaphysalis 
punctata was the only other questing tick in the urban 
and peri-urban sites in Cluj-Napoca. This species was 
present in five out of the seven flagged locations, with an 
overall prevalence of 2.7% (93/3383). Similar data were 
reported by [26] in north-eastern Romania. It is also the 
most common species of its genus parasitic in humans in 
Romania [23, 25, 41] and a vector for various Rickettsia 
spp., Babesia spp.[42], Anaplasma spp.[43].

Similar to data from Iași [26] and three regional parks 
in northern Italy [35], the AIL in this study was higher 
than the AIN and AIA. Generally, only 0.1% of the eggs 
produced by the female can reach the adult stage [44], 
therefore a lower abundance of adult stages compared to 
immatures is expected. Also, the collection of a greater 
number of larvae to nymphs or adults could be related to 
their highly aggregated distribution and lower dispers-
ibility in the environment [45]. Still, an important short-
coming of our tick abundance analysis is the high number 
of larvae included in the study compared to the number 
of nymphs and adults.

In contrast with the findings of [46] we here report 
a significantly higher AIG of ticks in urban parks and 
gardens compared to the peri-urban forests. The GLM 
model used for the statistical analysis of vegetation 
and habitat predictors showed inconclusive results 

concerning local tick abundance in the seven sites. 
Even though the overall floral habitat composition did 
not influence tick abundance per se, the heterogeneity 
of these urban settlements is known to positively influ-
ence wildlife diversity [47]. Despite some variation of 
the ecological characteristics of urban green areas (i.e.: 
size, vegetation composition and level of human activ-
ity), USAMV Campus, Iuliu Haţieganu Park, and Alex-
andru Borza Botanical Garden are not the typical urban 
green spaces with highly manicured understories and 
intensive vegetation management. The three locations 
consist of a somewhat similar vegetation composition 
best described by mature native and exotic trees, some 
form of open water, the predominance of turfgrass and 
shrub understory and extensive areas of natural vegeta-
tion dominated by wooded parcels and abundant leaf lit-
ter, interspersed throughout the settlements or located at 
the periphery. The private garden consists of fruit trees, a 
vegetable garden, and was dominated by unmanaged turf 
and shrub understory (Table  1). These types of habitats 
provide excellent conditions for urban wildlife. Further 
studies are needed to assess the influence of microhabi-
tat factors on tick abundance in urban and peri-urban 
areas, but in this case, the abundance of urban wildlife 
species, especially hedgehogs was statistically linked to 
a higher AIG of ticks in the locations where they were 
present. With few or no natural enemies, hedgehogs, 
songbirds, foxes, and squirrels, are some of the most suc-
cessful urban dwellers [9]. The majority of these urban-
ised species, show a high tolerance to urban pressure, 
behavioural flexibility, well-adapted temperament trades 
[48], and are known as tick-maintenance and pathogen 
reservoir hosts [9]. Moreover, the urban hedgehogs sup-
ported all tick stages, thus proving that they can preserve 
stable I. ricinus populations in urban parks and gardens, 
even in the absence of larger hosts, such as roe deer 

Table 6  Micromammal species and associated ticks collected in Cluj-Napoca

Abbreviations: IR, Ixodes ricinus; L, larva; N, nymph

Host species By location With ticks Ticks species and stage

Apodemus agrarius (n = 14) USAMV Campus (n = 7);
Iuliu Hațieganu Park (n = 7)

Iuliu Hațieganu Park (n = 3) 1. IR × 1L;
2. IR × 1L;
3. IR × 2L

Apodemus flavicollis (n = 6) USAMV Campus (n = 3);
Alexandru Borza Botanical Garden (n = 1);
Hoia forest (n = 2)

1. Alexandru Borza Botanical Garden 
(n = 1);

2. + 3. Hoia forest (n = 2)

1. IR × 5L;
2. IR × 5L;
3. IR × 1 N

Apodemus sylvaticus (n = 4) USAMV Campus (n = 4) - -

Mus musculus (n = 1) Hoia forest (n = 1) - -

Muscardinus avellanarius (n = 2) Făget forest (n = 2) - -

Myodes glareolus (n = 1) Hoia forest (n = 1) - -

Sorex minutus (n = 1) Hoia forest (n = 1) Hoia forest (n = 1) 1. IR × 1L

Talpa europaea (n = 1) Alexandru Borza Botanical Garden (n = 1) Alexandru Borza Botanical Garden (n = 1) 1. IR × 5L
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[49]. First, compared to E. europaeus, [50] E. rouman-
icus was here found to carry more I. ricinus than I. hex-
agonus as already shown by Földvári et al. [51] in a city 
park of Budapest. Also in line with the latter study from 
the neighbouring Hungary, E. roumanicus was here also 
found to be an excellent maintenance host for I. ricinus 
in the absence of other local larger-sized mammal host 
populations. Although we found no correlations between 
the vegetation type or index, the low AIG of ticks in the 
peri-urban forests could be explained by a lower abun-
dance and diversity of wildlife compared to the urban 
areas (Fig. 2; Table 6). Still, the high number of H. punc-
tata ticks in Făget forest could be linked to the presence 
of a sheep stable close to the flagged meadows, which 
ensured appropriate hosts for this tick’s development 
[52]. The urban cemetery recorded the lowest AIG prob-
ably because of the lack of vegetated soil surface (high 
density of concrete memorial constructions, charnels, 
and concrete pavements restricting the surface of green 
belts and connective vegetation), while the surrounding 
concrete fence also limited the access of tick hosts, except 
birds [49]. Questing ticks were only found in small clear-
ings surrounded by hedges or green belts, suggesting that 
ticks may be regularly introduced into the cemetery by 
birds from adjacent habitats [53], but a stable tick popu-
lation is unlikely.

We observed that the highest AI of nymphal and 
adult questing ticks in Cluj-Napoca was in early sum-
mer (May–June) and early autumn (August–September), 
periods previously associated with a high risk of human-
tick encounters in Cluj county [41]. This bimodal quest-
ing pattern of I. ricinus is common throughout Europe; 
nonetheless, major differences in the activity of tick 
stages can occur [54].

The bimodal questing activity described in highly sea-
sonal climates, with early spring and autumn peaks of 
I. ricinus ticks [55] can also be observed for the I. rici-
nus nymphs and adults in Cluj-Napoca. Similarly to the 
urban areas in Iași, the larvae collected in Cluj-Napoca 
show a unimodal activity pattern with an autumnal peak, 
as previously reported [26]. A unimodal activity of ticks 
is typical for milder climates, with less climatic variation 
between seasons [55]. Nonetheless, the phenology of I. 
ricinus larvae in Cluj-Napoca can be either a result of 
the previous year (individuals overwintered as eggs or as 
larvae) or a product of eggs laid during the same spring 
[56]. The high larval peak in late summer, suggests that 
the latter is predominant in the current study area. Also, 
the co-existence of all three mobile life stages throughout 
the summer could enable the transmission of pathogens 
by co-feeding [57].

During sampling, we noticed a rise in AIL and AIT 
with increasing average temperature, in contrast to data 

obtained by Kubiak et  al. [40] who reported reduced 
activity of ticks at high temperatures. Larvae are the 
most sensitive to high temperatures, which are usually 
associated with an increased mortality rate in I. ricinus, 
due to dehydration [58]. Boehnke et  al. [59] concluded 
that information gathered by using official weather data 
(i.e. meteoblue) is not always a good proxy of the actual 
microclimatic conditions the ticks experience. Therefore, 
the increased AIL and AIT of ticks during the high tem-
peratures recorded in this study, viewed as desiccating 
conditions, could be explained by the fact that the local 
microclimatic temperatures in the litter layer provided a 
continuous and sufficient moisture supply for questing 
ticks even during summer, despite the ambient factors 
recorded [59]. Since moisture is regarded as a crucial fac-
tor, especially for the optimal development of immature 
I. ricinus ticks, the correlation between the AIL and the 
increase of RH seen in this study is not unexpected [60].

Poor fauna is typical for the urban scenery [61]. Small 
to medium-sized mammals such as hedgehogs which can 
host all life stages of ticks [62] play an active part in the 
maintenance of TBPs in these areas. Ixodes hexagonus 
has been described in Romania from a variety of wildlife 
hosts [63, 64], and despite its endophilic behavior, some-
times it also bites humans [65]. In the present study, the 
number of hedgehogs with polyspecific infestations was 
the highest, and I. hexagonus was the second most preva-
lent tick species collected, after I. ricinus. Since both ixo-
did species can be found on hedgehogs and are known 
vectors for B. burgdorferi (s.l.) [50], I. hexagonus could 
contribute to the diffusion and persistence of pathogens 
in Cluj-Napoca by enzootic sub-cycles [50]. This is note-
worthy for the urban and suburban environments where 
both hedgehogs and I. ricinus ticks reach high densities 
[10, 50].

Due to their foraging behaviour, birds also play an 
important role in the introduction of ticks and associ-
ated pathogens into urban sites [66–68]. The tick-infested 
urban birds in our study were mostly ground-feeders, 
either short-distance migratory species (E. rubecula, S. 
vulgaris and T. merula) or sedentary species (G. glandar-
ius and P. montanus). Similarly to data provided by Sán-
dor et al. [68] for southern Romania and Klaus et al. [69] 
for Germany, we report here higher tick infestation rates 
for short-distance migrants and sedentary birds, with a 
clear trend in ground- or shrub-feeding birds, rather than 
long-distance migrant or foliage gleaners. Ixodes rici-
nus was the dominant species collected from the urban 
birds in the present study, followed by H. concinna and 
H. punctata. Since urbanized birds seem to bear a higher 
number of ticks [69] some also vector for zoonotic path-
ogens [70], their importance as urban disseminators for 
the public health should not be neglected.
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Our results showed a higher rate of micromammals 
trapped in the urban locations compared to the peri-
urban sites in Cluj-Napoca (with a predominance of 
A. agrarius and A. flavicollis). This may be a result of a 
higher density of these species, caused by their increased 
winter survival rate and a longer breeding season in 
urban areas [71]. Ixodes ricinus was the dominant spe-
cies feeding on urban micromammals too, similar to data 
reported by Maaz et al. [72] in urban areas in Berlin. Sim-
ilarly to previous surveys in Romania [73] or in central 
Europe [74], we collected only larvae and nymphs from 
the trapped micromammals, thereby underlining the role 
of rodents as hosts especially for the subadult life stages 
of ticks not only in forested habitats but also in the urban 
sites [75].

Apart from the indisputable benefits of increasing 
urban green space and promoting its usage in developing 
cities [76], these areas can also serve as habitat for urban 
wildlife and their associated tick fauna [77]. Thus, cities 
should implement tick-management policies to control 
the risk of tick-borne diseases in urban premises. Main-
tenance practices such as mowing or shrubbery manage-
ment should precede or coincide with the peak activity of 
questing I. ricinus nymphs and adults (March-July), while 
complementary approaches should include host-targeted 
methods which are preferred due to the reduced risk of 
acaricide exposure to non-target species and minimal 
environmental contamination [78]. Bait tube technolo-
gies and modified live traps with topical acaricide deliv-
ery systems have already proven their efficacy in reducing 
tick numbers on rodents and their associated habitat, in 
several states in the USA [78–80]. Nevertheless, the main 
disadvantages of these methods are the high cost and 
labour intensiveness. Apart from rodents, urban hedge-
hogs seem to play a vital role in the ecology of ticks in 
Cluj-Napoca, thus modified versions of such traps tar-
geting these “tick taxies” could be tested to reduce tick 
populations in the urban scenery.

Conclusions
The outcome of this study performed in areas not previ-
ously subjected to epidemiological investigation shows 
that ticks are present in a variety of green habitat types 
within the urban/peri-urban scenery assessed in Cluj-
Napoca and that all sites surveyed supported ticks. 
Ixodes ricinus was the dominant tick species both as free 
stages as well as engorged on wildlife hosts. Several abi-
otic and biotic factors shape the ecology of ticks in the 
city of Cluj-Napoca, with climate and the local presence 
of suitable hosts being the most important.
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