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SOME PECULIARITIES OF THE MATING BEHAVIOR IN IXODES PERSULCATUS
AND /XODES RICINUS TICKS (ACARINA, IXODIDAE): DIFFERENCES IN A
SEXUAL TRANSMISSION OF THE SPECIES OF BORELLIA
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ABSTRACT

The mating behavior is demonstrated to be
different in Ixodes ricinus L. and I. persulcatus
Schulze. In L ricinus the male and female are
found to preferto copulate mainly on the horizon-
tal surface whereas in I.persulcatus they copulate
most often on the vertical one. Also in /. persulcatus
the copulation time is shown to be shorter when
the copulation takes place on the vertical surface.
The coupling per se is achieved in a shorter time
when performed on the vertical surface. The
infestation of one or both partner ticks with
Borrelia increases the copulation time in
Lpersulcatus. I ricinus ticks, heavily infested with
Borrelia afzelii, refrain from coupling. The loco-
motor activity of coupling pairs of 1. persulcatus is
less than in non-infested ones.Ticks, which were
kept in pairs, are found to be infested in a larger
scale than those being kept alone. The transmis-
sion of Borrelia garinii in the taiga tick, I. persul-
catus, from males to females is recorded. In 4.5%
cases B. garinii were identified in unengorged
larvae of I.persulcatus collected in the field. Pre-
liminary data suggest that namely B. afzelii is
transmitted from the male to female in /. ricinus.

PE3IOME

IToka3zaHo, yTo moBeaeHue Ixodes ricinus L.
U Ixodes persulcatus Schulze, xonyaupyrouwmx
BHE X03sMHAa, pasnuyaercs. Ocobu [ ricinus B
OOJIBLIIMHCTBE CIy4aeB KOMYJIUPYIOT HA FTOPU30H-
TaJIbHOM MOBEPXHOCTH, TOrNa Kak I.persulcatus —
Ha BepTUKaTbHOM. Bpemsi konysiuuu [ persulcatus
Ha BEPTUKAJIbHOW NOBEPXHOCTH MEHbLIE, YEM Ha
rOPU30HTAJIbHOMN, M KOMYJISILUMS HACTYIACT PaAHb-
e, 4eM Ha TOPU3OHTAAbHON IOBEPXHOCTH.
3apaxeHHOCTb OOppeIMsIMM OOHOIO MW ABYX

MOJIOBLIX NMAPTHEPOB YBEJIMUMBAET BpeMsl KOMy-
nsiumnu Ipersulcatus. I ricinus, 6oiee MHTEHCHBHO
3apaxeHHble Borrelia afzelii, BooOllie He Komy-
JINPYIOT. AKTMBHOCTb 3apa>X€HHbIX O0ppeusiMu
KOMynupylowux nap /. persulcatus MeHbliie, YeM y
He3apaxeHHbIX. Kieuw 1. persulcatus, conepxan-
lIMecss B mapax, ObUIM 3apaXeHbl B 0oJblieM
MpOLIEHTE CAyyaeB, HEXENU KJellH, COlepXKaB-
LIMecs MOOAMHOYKe. YCTaHOBJIeHa repeaaya Bor-
relia garinii OT CaMlLIOB CaMKaM Tae>XHOTO KJiellla
[ persulcatus. OGHapyxXeH Bo30yauTeb HEHPOOOP-
penuo3a B.garinii B TOJNOAHBIX JUYUHKAX
Lpersulcatus (B 4.5% cnyuyaeB). [lo npenpapu-
TeJbHBIM JAHHBIM, caMUbl [.ricinus nepenarwT
caMKaM IpeuMywecTBeHHO B.afzelii.

INTRODUCTION

Sexual behavior of ticks, which copulateon
vertebrate hosts, was studied extensively [Feld-
man-Muhsam, Borut, 1971, Oliver et al., 1974].
Chemicals, which determine the meeting of fe-
males and males of those ticks, are known [Son-
enshine et al., 1982} and have even been used for
the control of some Ambliomminae [Sonenshine
et al., 1998]. However, the mating behavior of
ticks of the genus Ixodes, including Ixodes persul-
catus Schulze and I. ricinus (L.), and the factors,
which determine their meeting on the ground or
on vegetation, are still not known. Babenko
[1985] stated that 100% of I. ricinus and near 50%
of Ipersulcatus collected by flagging were insem-
inated. Guerin et al. {1999} demonstrated that
both sexes of Ilricinus were attracted by the
guanine odor. Balashov [1998] obtained data that
faecces of moulted adult ticks consist of the
guanine only, which might attract sexes to each
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other. Bouman et al. [1999] proved that the moist
air saturated by odor of unengorged I. ricinus
females, collected in the field, which has been
pumped through the Y-form or 4-angled olfac-
tormeter, attracted I.ricinus males to females.In
Y-form olfactometer males were attracted in 70.9
of cases and in 4-abgled one in 62.5% of cases.

Another factor that might be important for
the behavior of eyeless [xodes ticks is their expo-
sition to various plant odors. According to Ale-
kseev et al. [1991] the preference of some plants
for I. persulcatus females to crawl up [Pomerant-
sev, Serdyukova, 1948] is based on their different
reactions to plant odors. It was stressed that
attractant or deterrent action ofplant odors may
be dependent not only on the tick sex but also on
the tick infection rate with the tick-borne en-
cephalitis virus (TBEV). Knowledge of the sexual
behavior in Ixodes is practically important because
of the earlier proved transovarial transmission of
this pathogen by the females of [lpersulcatus
inseminated by TBEV infected males to 10% of
their progeny [Chunikhin et al., 1983]. According
to Balashov and Grigoryeva [1998] 77 out of 77
(100%) unfed I.persulcatus larvae collected in the
field in 1997 were infected with Borrelia burgdor-
feri sensu lato. These data seem to be dubious
because only 1 out of 22 (4.5%) of I. persulcatus
larvae collected in St. Petersburg vicinities were
infected with B. garinii. Our results are supported
by data obtained by Rijpkema et al. [1994] which
found B. afzelii only in 5% of studied larvae of I.
ricinus. It is of interest to know in what way the
mating behavior determines the differences in the
insemination rates of I. ricinus (100%) and I
persulcatus (50%) collected from the ground [Ba-
benko, 1985]. It was proposed that [.ricinus cop-
ulate mainly on the ground whereas I. persulcatus
mate either on vegetation (possibly being attract-
ed by plant odors), or on the host animal. The
attractiveness of ticks to animal host odors before
orimmediately after the tick isattached to the host
skin was earlier shown by Naumov [1996] and
Leonovich [1999]. We attempt to elucidate the
potential and species-specific differences in Bor-
relia transmission by two above-mentioned spe-
cies of ticks.

MATERIALS AND METHODS

Ixodes persulcatus ticks were collected by
flagging in the vicinities of St. Petersburg during
1997—1999 field seasons. Lricinus were collected
at spring and fall peaks or their activity on the
Curonian Spit (Kaliningrad enclave) in 1997-
1998. Males and females were maintained in
couples in the glass tubes with a various relative
humidity. The tubes were placed either horizon-
tally or vertically. Both the time needed to find a

mate and the longevity of copulation were checked.
Some male and female ticks were reared in
individual tubes. Parameters of the tick activity
(speed, height, total activity) were estimated for
all tested ticks in accordance with the methods
earlier suggested by us with the application of the
inclined “tickdrome” [Alekseev, 1996; Alekseev
et al., 1996, 2000]. Upon the completion of the
experiment all specimens of ticks were dissected,
and Borrelia presence and number were deter-
mined using the dark-field microscopy (10x40).
Borrelia positive ticks were investigated using
PCR and RLB methods [Rijpkema et al., 1995,
1996; Schouls et al., 1999] to identify the patho-
gen’s species.

128 couples were studied in the experiments
to observe the differences in the copulation behav-
ior depending on which surface, horizontal or
vertical one, was being offered to ticks. Same ticks
were used for the evaluation of the activity param-
eters. Sexual transmission of spirochetes was
confirmed on the basis of the infection rate of 190
couples and 302 single reared I.persulcatus ticks.
113 couples of I.persulcatus were studied to obtain
the data on the preferential transmission of differ-
ent species of Borrelia. t and chi-square tests were
used in the data analysis [Wilkinson, 1990].

RESULTS

Our experiments suggest that Il ricinus ticks
prefer the horizontal surface for their mating
versus the vertical one (p<0.01) (Fig. 1, A). In
Lpersulcatus partners are more often copulate on
the vertical surface. Despite thesurface type pref-
erence for [.persulcatus was not statistically signif-
icant (Fig. 1, B), it is important to stress that
Lpersulcatus ticks copulation on the vertical sur-
face was observed 6.6 times more often than that
of I ricinus. Precopulation time was very similar in
both species (25—50 minutes) irrespective of the
type of the surface on which the copulation took
place (Fig. 2, A, B). In I persulcatusthe copulation
time was 1.5 times shorter on vertical surface
comparing to horizontal one and 1.3—1.5 times
shorter than the copulation time of /.ricinus ticks
on both surfaces. The longest copulation time in
Lpersulcatus, recorded in the laboratory condi-
tions, was 328 min for the vertical surface and 660
min for the horizontal one. The determination of
spirochete infection rate among the couples,
which were copulated, showed the prevalence
value of 26.2% for Ipersulcatus, and 14.5% for
Lricinus. The difference in the copulation time
between uninfected mates of [Ipersulcatus and
those infected with Borrelia was not statistically
significant (Fig. 3). Nevertheless the mean copu-
lation time increased when at least one sexual
partner was infected or when the mean number of
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Fig. 1. The comparative ability of the ticks Ixodes ricinus (A) ul. persulcatus (B) to copulate on the vertical and horizontal surfaces.

Puc. 1. CnocobHocTb K konyisiuvu I[xodes ricinus (A) v [. persulcatus (B) Ha BepTUKaNbHON U TOPU3OHTATLHOI MOBEPXHOCTSIX.
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Fig. 2. Precopulation and copulation time of Ixodes ricinus (A) and L persulcatus (B) on the vertical and horizontal surfaces.

Puc. 2. BpeMs, mpenuiecTBytoliee KOMYASILNH, U MPOAOKUTEAbHOCTh KONYASUMU [xodes ricinus (A) v Lpersulcatus (B) Ha
BEPTUKAJIbHOM U TOPU3OHTAILHOH MOBEPXHOCTSIX.
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Table 1

Borrelia burgdorferi sensu lato prevalence in ticks Ixodes persulcatus maintened in couples or in
singles in the humidity gradient glass tubes (1992 and 1995 seasons).

Tabnuua 1

3apaxeHHocTb Ixodes persulcatus Borrelia burgdorferi sensu lato npu cogep>xaHUU KELIEN B
npobupkax guQpdepeHIMPOBAHHON BIAXHOCTH MOOJAMHOUKE U B Mapax (HabnwoaeHus 1992 u

1995 rr.).

Type of tick maintenance

Statistical significance

Sex separate in couples td p
abs. - % abs. %
Male 21/142 14.8+2.97 60/190 31.58+34 3.72 <0.01
Female 29/161 18.0+3.01 59/190 31.05+3.36 2.9 <0.01
Table 2
A preferential Borrelia garinii transmission by Ixodes persulcatus males to females [Alekseev et al.,
Tagiuna 2

M3bupatensHas nepenava 6oppenuit Buna Borrelia garinii camuamu Ixodes persulcatus [Alekseev et

al., 1999].

Number of infected partners in couples tested

Borrelia species in donor tick

Male ticks infected (n=24)

Female ticks infected (n=45)

Infected females/Infected males

Infected males/Infected females

B. afzelii 0/7 0/9
B. garinii 4/9 0/24, p<0.01
B. afzelii+B. garinii 3*%/8 0/12, p<0.05
*In 2 female ticks was detected only B.garinii, 1 female tick carried a dual infection.

spirochetes in their bodies increased. Heavily
infected [.ricinus refrained from copulation on
either surface (Fig. 4).

Measuring the activity parameters of the
nanve ticks demonstrated that the movement
speed as well as the entire activity decreased
during the copulation (Fig. 5, A), whereas the
height of their ascending increased. The speed, the
height ofiascending and the entire activity of the
infected specimens in copula and post copula
phases decreased in comparison with the same
parameters of ticks recorded before the copulation
(Fig. 5, B).

The prevalence of: Borrelia-infected I.persul-
catus was 1.5—2 times higher when ticks were
maintained in couples comparative to singles
(Table 1) [Alekseev, Dubinina, 1996]. In [ per-
sulcatus the males were shown to transmit B.garinii
to their mates. However the females were not able
to infect their sexual partners (Table 2). The
sexual transmission of B.afzelii from the male to
female I persulcatus was not recorded when only
males were infected by this pathogen. B.garinii
was detected only in one case among the larvae of
Lpersulcatus collected in the field and later tested

by PCR (1 of 22, or 4.5%), whereas B.afzelii were
never obtained from the larvae of this species. The
preliminary analysis of the Borrelia species prev-
alence in [lricinus maintained in couples (20)
suggests that the males of this species transmit
B.afzelii mainly to their mates.

CONCLUSION

Our data demonstrated the presence of differ-
ences in the mating behavior between representa-
tives of the sheep (forest) tick (/.ricinus) and the
taiga tick (/. persuicatus). The former species,
which is phylogenetically close to the nidicolous
tick, Ixodes hexagonus [Black, Piesman, 1994],
was shown to copulate most often on the horizon-
tal surfaces. The copulation time in /. persulcatus
appeared to be longer when performed on the
horizontal surface whereas the time of insemina-
tion in I ricinus was almost equal irrespective of
the type of the surface offered. In ILricinus both
males and femalesare attracted to each other by
guanine [Guerin et al., 1999] and copulate on the
horizontal surfaces. This is probably the main
explanation of the known phenomenon of 100%
level of insemination of /.ricinus femalescollected
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in the field [Babenko, 1985]. I persulcatus ticks
collected on certain plants demonstrate the pos-
itive reactions to some plant odors [Pomerantsev,
Serdyukova, 1948]. Such reactions can also de-
pend on the infection intensity with tick-borne
encephalitis virus [Alekseev et al., 1988, 1991,
1992]. The demonstrated attraction of both sexes
to certain plant odors can be counted asan argu-
ment for the tick preference of vertical surfaces
and the active search of greater heights at which
the coupling can be most probable.

The infestation of one or both mating ticks
with Borrelia increases their copulation time and
decreases their speed and the height of climbing
up (Figs. 3, 5, B). In Lricinus individuals do not
copulate when heavily infected with B.afzelii (Fig.
4). This fact may explain the rare sexual transmis-
sion of this species of Borrelia by ILricinus.
I.persulcatus ticks are able to transmit Borellia
sexually. They transmit B.garinii mainly, if not
exclusively, from the male to female. The trans-
ovarial transmission of B.garinii was proven by
finding the infected individuals (4.5%) among the
unfed tick larvae collected from the vegetation.
The earlier reported 100% infestation of ticks by
Balashov and Grigoryeva [1998] can be an arti-
fact. The data discussed hereabove stress one more
time the importance of studying the sexual behav-
ior of Ixodoidea ticks as a tool for understanding
the pathogen circulation in the populations of
different species of ticks.
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