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I Abstract
Investigations of the abundance and seasonal activity of adult D. reticulatus in relation to the effect of climatic conditions
(temperature, humidity) and the photoperiod on host-seeking behaviour were conducted in eastern Poland (51°25'N)
in 1999-2000. D. reticulatus host-seeking activity was observed between the end of March at 5°C temperature and 89%
humidity, and the beginning of December at 6°C temperature and 92% humidity. The peak autumn activity found between
September - November was more than 2-fold higher than the spring peak, which occurred between April - May. The activity
of females, males, and the total number of adult ticks was correlated with the temperature (p<0.01) and photoperiod
(p<0.01); additionally, no dependency was found between adult tick activity and humidity of the environment (p>0.05).
Females predominated throughout almost the entire activity period, but the ratios between females and males varied in
the particular seasons. Males predominated only after the activity of adult ticks ceased between June - second decade
of August, which was related to the reproductive processes. The investigations demonstrated that the activity dynamics
in D. reticulatus from eastern Poland is similar to that in the southern European population, but different from that in the
north-eastern Polish, Russian and West European populations. This indicates a need to monitor the threats of diseases

transmitted by D. reticulatus within different regions of its range of geographic distribution.
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INTRODUCTION

The meadow tick Dermacentor reticulatus poses significant
veterinary and epidemiological risks. Besides producing
extensive skin lesions [1], it is a vector of tick-borne diseases,
e.g. babesiosis, tularemia, Q-fever, zoonotic rickettsiosis, and
tick encephalitis [2-17].

D. reticulatus is widespread in the temperate climate zone
in Europe and Asia. Its western distribution range covers the
area of France, Spain, UK, Central Europe, and the areas of
Eastern Europe as far as the basin of the Yenisei River in
Siberia to the east [18]. In Poland, the greatest numbers of
D. reticulatus localities have been reported from the north-
eastern and eastern parts, along the border with Lithuania,
Belarus and Ukraine [19-22]. In recent years, the distribution
range of this species has extended substantially [4, 6, 23-
30], and yet, its questing behaviour in nature has rarely
been described. Only in a few papers has the effect of the
abiotic factors on D. reticulatus abundance and ecology been
analysed [10, 26, 31, 32]. The current paper presents the results
of studies on the abundance and activity of adult D. reticulatus
ticks in different seasons and environmental conditions in
eastern Poland. Knowledge of the seasonal activity dynamics
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and factors affecting D. reticulatus populations is crucial for
assessment of the risk of transmission of tick-borne diseases
in the study area, and development of effective prevention
methods and tick control programs.

MATERIAL AND METHODS

The study was conducted in an area of approximately
8 hectares in the vicinity of Ostréw Lubelski (eastern Poland,
51°25’'N) in 1999-2000. The locality was found by Lech Buczek
in 1998. It is probably an extension of the Belarusian habitat
of this species located in the Trzmielnica River valley, a
meadow area overgrown with sedge grass characteristic for
this type of ecosystem, and abundant in shrubs, coniferous
and deciduous trees, mainly birch (Betula spp.) along the
edges.

Ticks were collected using the flagging method, which
involved sweeping the vegetation with a 1 x 1m white flannel
cloth drag. After the cloth had been swept over the plants 5-6
times, its surface was inspected and tick specimens attached
to it were transferred to tubes with forceps. The field research
was conducted by one person at 11-day intervals, for 2 hours
each time between 14:00-16:00, between April - November
1999, and between March - December 2000. Due to the
decreasing length of days, in November and December ticks
were only collected just before nightfall. The choice of the
field study period was affected by weather conditions: tick
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collection started after the snow cover had melted and ceased
when it was prevented by freezing temperatures and a snow
cover on the vegetation. Ticks were not collected during
and immediately after rainfall, as the wet cloth might have
prevented ticks from adhering to the flag. The ticks were
collected 44 times (24 in 1999 and 20 in 2000).

In each field study, the air/soil temperature were measured
with an accuracy of 1°C and relative humidity with an
accuracy of 1%, using electronic devices at the height of 10
cm above the ground. The length of each day of tick collection
was calculated with the algorithms available on website
www.calendar.k-ce.pl. The time of sunrise and sunset at the
geographical position of the tick study locality followed the
CEST (Central European Summer Time) in summer or CET
(Central European Time) in winter.

In the laboratory, the ticks were submerged in 70% alcohol,
and then viewed under a stereoscopic microscope in order to
recognise the species and gender of the specimens. The key
developed by Siuda [21] was used to identify the species.

Statistical analysis. The results were elaborated using the
STATISTICA statistical package for Windows. All correlation
analyses were performed by calculation of Spearman’s
correlation coefficients. Probability at p < 0.05 was regarded
as significant and as highly significant at p < 0.01.

RESULTS

Abundance and seasonal host-seeking activity. During
the study of the seasonal activity of adult D. reticulatus
ticks, a total of 2,873 specimens were collected in 1999-1,361
specimens (763 females and 598 males) and 1,512 (889 females
and 623 males) in 2000 (Tab. 1, 2). Tick abundance in 1999
(56.7+59.4 specimens per one collection) and 2000 (75.6+47.1
specimens per one collection) and seasonal activity of the
adult specimens differed in a statistically significant manner
(p<0.05). However, in both study years, the seasonal number
of adult ticks showed a bimodal pattern of activity. Active
adult D. reticulatus ticks were collected from the beginning
of spring. The largest number of active adult ticks during
the spring activity period was observed in May in 1999, and
between mid-April and the first decade of May in 2000. The
questing activity of the adult specimens gradually ceased
between the end of June and the beginning of August. During
the autumn activity period, the greatest number of active
adults was collected between the second decade of September
and the end of October or mid-November, respectively in
1999 and 2000. No statistically significant differences were
found between the numbers of ticks collected in the respective
seasons of both study years (p>0.05).

During the 2-year long studies, the highest activity of adult
D. reticulatus was reported in autumn (62.9+54.3 specimens
per one collection), and was nearly 2-fold lower in spring
(32.5£24.7 per one collection). The difference was statistically
significant (p< 0.0001).

In both years of the study, the temperature and
humidity fluctuated considerably (Tab. 1, 2). There were no
dependencies between air humidity and female (p>0.05)
and male (p>0.05) activity. However, there was a correlation
between temperature and female (p<0.01) and male (p<0.01)
activity, and between the length of the photoperiod and the
activity of female (p<0.01) and male ticks (p<0.01).

Table 1. Total gender number of Dermacentor reticulatus ticks collected
during particular collections in 1999 in context of temperature and
relative humidity

Date  Adults  Females Males Temp. (°C) RH (%) Length of day
9.04 19 13 (68.4%) 6 (31.6%) 14 -* 13h07’
27.04 28 17 (60.7%) 11 (39.3%) 22 66 14h33’
6.05 75 54 (72%) 21 (28%) 10 72 15h05’
20.05 46 30(65.2%) 16 (34.8%) 25 40 15h48’
27.05 35 24 (68.5%) 11 (31.5%) 31 45 16h05’
3.06 4 4(100%) 0 24 90 16h19’
19.06 0 0 0 24 100 16h36’
30.06 0 0 0 23 100 16h32’
13.07 0 0 0 27 70 16h14’
20.07 0 0 0 31 60 15h58’
30.07 0 0 0 21 70 15h31
6.08 1 1(100%) 0 25 100 15h08’
18.08 8 4 (50%) 4 (50%) 29 85 14h28’
23.08 30 9 (30%) 21 (70%) 19 70 14h09’
3.09 66 36 (54.5%) 30 (45.5%) 22 65 13h28’
11.09 129 60 (46.5%) 69 (53.5%) 21 95 12h58’
18.09 166 88 (53%) 78 (47%) 21 100 12h37
28.09 134 79 (58.9%) 55 (41.1%) 20 85 11h52’
1010 131 70(53.4%) 61 (46.6%) 12 100 11h05’
13.10 118 54 (45.7%) 64 (54.3%) 9 85 10h54’
19.10 119 66 (55.4%) 53 (44.6%) 4 74 10h37’
3010 169 99 (58.5%) 70 (41.5%) 12 100 09h50’
6.11 83 55(66.2%) 28(33.8%) 13 100 09h25’
16.11 0 0 0 -2 65 08h53’
Total 1361 763 (56%) 598 (44%)

*-no data

Table 2. Total gender number of Dermacentor reticulatus ticks collected
during particular collections in 2000 in context of temperature and
relative humidity

Date  Adults  Females Males Temp. (°C) RH (%) Length of day
24.03 54  35(64.8%) 19(35.2%) 5 89 12h26'
4.04 54 29(53.7%)  25(46.3%) 14 58 13h10’
17.04 19 71(59.6%) 48 (40.4%) 17 78 14h00’
30.04 60 42 (70%) 18 (30%) 32 48 14h48’
11.05 100 79 (79%) 21 (21%) 25 39 15h24’
20.05 38 31 (81.5%) 7 (18.5%) 22 58 15h50’
29.05 13 11 (84.6%) 2 (15.4%) 25 62 16h11’
9.06 3 3(100%) 0 27 65 16h29’
24.06 1 1(100%) 0 23.5 75 16h35’
13.07 0 0 0 26 87 16h12’
2.08 1 1(100%) 0 30 60 15h19’
21.08 1 5 (45.4%) 6 (54.6%) 37 -* 14h14
7.09 93  45(48.3%) 48(51.7%) 18 65 13h10
22.09 172 82 (47.6%) 90 (52.4%) 18 62 12h12'
28.09 155 84 (54.1%) 71 (45.9%) 18.5 61 11h49’
5.10 168 104 (61.9%) 64 (38.1%) 23 65 1h21
13.10 125 65 (52%) 60 (48%) 22 79 10h571’
24.10 128 76 (59.3%) 52 (40.7%) 16.5 62 10h09’
14.11 168 93 (55.3%) 75 (44.7%) 16 90 08h57'
3.12 49  32(65.3%) 17 (34.7%) 6 92 08h08’
Total 1512 889(58.7%) 623 (41.3%)

*-no data
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Gender ratio. Nearly all the collections of D. reticulatus in
1999 and 2000 were characterised by the predominance of
females over males (Fig. 1). Females constituted the highest

H Females

Vil B Males

Meonths

0 20 40 60 80 100
%

Figure 1. Gender percentage of Dermacentor reticulatus ticks collected in particular
months in 1999-2000

percentage (68.5-100% and 84.6-100%, respectively, in 1999
and 2000) in the period from late May - early June. Males
predominated only at the beginning of the autumn activity
period, at the end of August; then female predominance
was more pronounced (Tab. 3). In autumn, males were
characterised by a nearly 3-fold higher activity (28.6+25.2
specimens per one collection), with its maximum in
September (63£20.1 specimens per one collection), than in
the spring months when the mean number of active males
in one collection was 10.2+9.0, and the highest activity was
observed in April (17.4+16.4 specimens). The highest activity
in females was noted in autumn (34.3£30.0 specimens per
one collection), with its peak from September — November
(Tab. 3). In the spring months, females displayed the highest
activity in April (28.7£23.3 specimens per one collection) and
May (21.6+24.3 specimens per one collection). On average,
22.3£16.3 females were collected during one collection in
the spring activity period. Due to the infrequent collection
periods in March and December, the mean values obtained
for females and males during these months was not taken
into account. The differences between the numbers of
active females and males collected in spring and autumn
were statistically significant (p<0.0001). There were no
dependencies between air humidity and female (p>0.05)

Table 3. Gender ratio and average number of Dermacentor reticulatus ticks
collected during particular collections in different months in 1999-2000

Month Females Males Gender Total/
ratio Adults
Mean Min. Max. SD Mean Min. Max. SD FM
March’ 35 35 35 19 19 19 1.84:1 54
April 287 13 71 233 174 6 48 16.4 1.65:1 280
May 216 8 79 243 8.2 0 21 7.7 264:1 307
June 1.6 0 4 1.8 0 0 0 0 8
July 0 0 0 0 0 0 0 0 0
August 4 1 9 33 6.2 0 21 8.6 0.64:1 51
September 877 36 88 207 63 30 90 201 1.07:1 915
October 76.2 54 104 184 605 52 70 6.3 1.27:1 958
November  49.3 0 93 467 343 0 75 378 1.43:1 251
December™ 32 32 32 17 17 17 1:1 49

Tonly 1 tick collection
*regard only to year 2000

and male (p>0.05) activity. However, there was a correlation
between temperature and female (p<0.01) and male (p<0.01)
activity, and between the length of the photoperiod and
activity of male (p<0.01) and female ticks (p<0.01).

DISCUSSION

The activity of adult D. reticulatus varies in the particular
seasons of the year. Our results indicate that the stimulation
and dynamics of this tick activity are affected by various
environmental factors. Higher activity was recorded in the
autumn period during the short 8h57°-12h58’ day, at a large
range of temperatures (4-21°C) and humidity (61-100%). In
previous studies conducted in the same habitat, active D.
reticulatus adults were observed attacking dogs as late as
December, after the appearance of the snow cover (L. Buczek,
unpublished). Adult ticks were collected even at low daily
mean temperatures in December, January and February (7.5,
7.7 and 6.6°C, respectively) around Berlin (Germany) in 2006
[33]. Nosek [34] and Bogdaszewska [35] reported the highest
activity of adult D. reticulatus at daily mean temperatures
ranging from 4 -13°C. These authors found that the lower and
upper range of the threshold temperature for tick activity is
+1°C and 39°C, respectively.

The high questing activity of adult D. reticulatus in open-
type habitats in eastern Poland was stimulated by various
combinations of temperature and humidity, which indicates
high ecological plasticity of this developmental stage. The
results of our field observations are consistent with laboratory
investigations, which confirmed the ability of D. reticulatus
to develop in a wide range of humidity and temperature
[36, 37, our unpublished data]. However, throughout the
seasonal activity period and during the spring and autumn
peaks, the only abiotic factors that significantly affected
the questing D. reticulatus adults in eastern Poland were
temperature and photoperiod. The absence of correlation
between the number of active ticks and humidity renders our
findings different from the results obtained by Bogdaszewska
[35] in her study of D. reticulatus population in north-
eastern Poland (Mazury region), who reported an effect
of humidity on D. reticulatus activity. The low relative air
humidity in that habitat strongly limited the activity of the
meadow tick adults, and humidity lower than 65% resulted
in their disappearance. No correlation between rainfall and
tick dynamics was found in a field study of a French tick
population carried outin 1982-1983 [10]. Ambient humidity,
however, exerts an effect on the tick survival period, which
was demonstrated by studies of adult stages in D. reticulatus
[38], Amblyomma cajennense [39], Hyalomma truncatum
[40], A. americanum, A. maculatum, Dermacentor albipictus
and Boophilus annulatus [41].

Our results showed certain differences in the activity
dynamics in various tick populations in Poland and other
countries. In eastern Poland, the spring activity lasted from
March to the end of May, with a peak from late April to May,
and it disappeared at the beginning of June. The second period
of seasonal activity began in August and lasted until December,
with the peak at the end of September — mid-November.

In the north-eastern population, the spring activity lasted
from mid-March to mid-June, with a peak in April, and the
autumn activity began in mid-August and lasted until mid-
November, with a peak in October [35, 42]. In southern Jura
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(France), D. reticulatus are active from mid-April - mid-June,
and from September — October [10]. The shifts of tick activity
periods may be related to different climatic conditions and
different biotopes of the populations studied and host behaviour,
as well as biological differences between these populations.
Comparative studies conducted in Slovakia (southern
Moravia) and in north-eastern Poland showed differences in
the length of the development cycle and development of D.
reticulatus stages depending on the biotope [31]. A delayed
activity peak in Dermacentor spp. in cool mountain conditions
compared to warmer conditions of dry pastures, which can
be explained by temperature-dependent developmental rate
of ticks, was observed by Hornok and Farkas [43] in Hungary.
Honzakova et al. [44] confirmed the dependence of the length
and effectiveness of feeding on the host on the age and origin
of the population of ticks and on the biotope.

Despite some differences in the dynamics of male and
female activity, the autumn activity of tick adults was
higher than that in spring in both our study periods. In
contrast, the D. reticulatus ticks from a north-eastern Polish
population (Warmia and Mazury, 55°45'N) [35,42], a Russian
population (Moscow Oblast, 53°45-54°10’N) [32] and a
French population (southern Jura, 47°12°’N) [10] exhibited
greater activity in spring. In that season, twice as many adult
ticks were collected in populations inhabiting the continental
climate zone than during the autumn activity period [35, 42].
In southern Jura, France, the spring populations were even
9-fold greater than in the autumn [10]. On the other hand, as
in our study, the peak of spring tick activity in Hungary in
April was lower than the peak of autumn activity, September
— November, with intensification in October [30].

It seems that the D. reticulatus population under study is
similar to the populations inhabiting the warmer regions of
Europe. In fact, our research area is situated in the warmest
bioclimatic zone in Poland. The temperate climate in eastern
Poland has a transitional oceanic-continental character. The
atmospheric circulation has a great impact on the weather
and climate conditions (wandering cyclones with frontal
systems and anti-cyclones), which causes significant day-
to-day, daily, or year-to-year changeability of the weather
elements. Most frequently, the highest monthly mean
temperatures are reported in July (18.2°C) and the lowest (-
3.8°C) in January [45]. The winter months are characterized
by considerable temperature changeability. The annual
rainfall varies substantially in the different months, ranging
from 0.4 mm - 148 mm (data from the Polish Institute of
Meteorology and Water Management, 2009) The year-to-year
temperature variability and changeable rainfall rates may
explain the shifts of the periods of male and female activity
observed during our field observations.

Theimpact of environmental factors such as the photoperiod,
the length of photophase and scotophase [46, 47], and other
abiotic factors, e.g. temperature, humidity and solar radiation
on the tick questing behaviour was also found in other studies
of species from the genus Dermacentor [48-53]. The behaviour
of D. reticulatus males and females, similar to other ixodid
ticks [54], is dependent upon their biological traits and
requirements for humidity and temperature [36, 37]. Tick
adults overwinter in the soil or sometimes in hay stacks left
in the meadows [22]. They can also overwinter on the host
[55]. In the Bialowieza Forest (eastern Poland), the incidence
of infection of the bison (Bison bonasus) in this period ranges
between 43 - 100% (mean 68-71%) [56-58]; after the winter

diapause, D. reticulatus males remain on the host longer than
females, which may explain their lower numbers found on
vegetation. The enhanced female activity is also related to the
need to find a host for ingestion of blood, which is essential
for egg development. Copulation of males with females also
occurs on the host. Under natural conditions in Poland,
the pre-oviposition and oviposition period lasts from June
— July (our data, unpublished). Loss, or a sharp decline in
adult D. reticulatus behavioural activity observed between
June - August is also related to the processes of feeding and
reproduction of this species, rather than to the effects of the
photoperiod, temperature or humidity only, as suggested by
Bogdaszewska [35]. On the other hand, the more pronounced
activity of males and the smaller difference in the gender ratio
at the beginning of the autumn activity period may result from
the biological differences between female and male ticks.

A larger proportion of active females was also detected in
Dermacentor marginatus (Sulz.) [34], D. silvarum OL. [59] and
D. niveus Neum. [60]. A different gender ratio was found in
D. reticulatus adults collected on hosts. Females dominated
in spring (61-64%) and males in the autumn period (64%)
in cattle grazing in habitats of the tick in the Biebrza Valley
[42,61, 62]. A similar phenomenon was observed by Olsuf’ev
[63] in cattle, and by Kadulski [64] in the elk.

The differences in the dynamics of the behavioural activity
of this species within different regions of its geographic
distribution range encourage further field studies and
monitoring of tick-borne diseases.
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