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ANTHROPOGENIC PRESSURE AND CHANGES IN IXODES TICK POPULATIONS
IN THE BALTIC REGION OF RUSSIA AND DENMARK
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ABSTRACT

The representatives of two Ixodes species
were tested for exoskeleton abnormalities and
infections caused by different pathogens. Two
groups comprising 3854 alive ticks from Russia
and Denmark and 3417 alcohol fixed ticks collect-
ed from five different locations in 1990—1999
were studied.

Abnormalities were looked for using a stere-
omicroscope. For the first time the presence and
types of Ixodes species nymphs’ exoskeleton ab-
normalities were shown. Darkfield microscopy
and IFA methods were used to detect infection.

The minimum of anomalies (10—15%) was
found in protected areas: in the Zhiguli Reserve
(Russia) and the Gribskov National Park (Den-
mark). The maximum (48%) was found in the
industrial Cherepovets area (Russia). The preva-
lence of the exoskeleton abnormalities in Ixodes
ticks populations depends greatly on the anthropo-
genic pressure. Exoskeleton abnormality research
may be one of the most reliable ways of biomon-
itoring of the environment pollution level. Further
research needed to reveal the exact abnormality-
causing agents. It might be an accumulation of the
heavy metal ions or complex hydrocarbons in the
environment as well as any other factors.

PE3IOME

C LIeJTbIO BBISIBIEHHSI aHOMAJTU I 9K30CKeeTa
1 3apaXK€HHOCTH Pa3IMYHBIMU MATOTe HAMHU ObLIU
U3Y4EeHBI NMpeACTaBUTENHU ABYX BHUAOB pojaa [xo-
des. iccnenoBano 3854 xxuBbix KJieia u3 Poccuu
u Januu u 3417 kneliei U3 CUMPTOBLIX COOPOB
B [IATH pa3IMYHBIX peruoHax, coopaHHbix ¢ 1990
no 1999 roa.

AHOMaJIUM BBISIBJISUIA C IIOMOLLbIO GUHOKY-
JIpHOTO MHKpOCKomna. BrepBble MOKa3aHo

HaJMyMe W XapakKTep aHOMaJIMi 3K30CKejeTa y
HUM® ABYX BUIOB pona Ixodes. Ans uneHTUDU-
KalMY MaTOTeHOB MPUMEHSUIM TEMHOIOJbHYIO
MUKpockomnuio u MDA,

MuUHKUMabHOE YUCIIO aHOMAJIBHBIX KJIeLIeH
(10—15%) ©Obu10 oGHapyxeHOo B cbopax u3
OXpaHSEMBIX IPUPOAHBIX TEPPUTOPHIA: ZKuryes-
ckoro 3anoBeaHukKa (Poccus) 1 HanuoHansHOTO
napka I'pu6ckoB (danus), MakcuManbHoe (48%)
— B OKpecTHocTsx YepenoBel Kol MHIYCTpH-
anbHoM 30HbI (Poccus). Berpeuaemocth aHOMA-
JIMHM BK30CKeeTa B MOMyasilUK UKCOOBBIX KJIe-
LIeH HanpsIMYIO 3aBUCUT OT CTEMEHM 3arpsi3HeH-
HOCTH OKpYyxarlolleii cpensl. MccnemoBaHue aHO-
MaJIMd MOXET CJIYXHWTb OJHUM M3 BO3MOXHbIX
CMocoO6oB OUOMOHUTOPUHIA COCTOSIHUSI Cpefbl.
HenocpencTBeHHbIE MPUYMHBI BO3HUKHOBEHMUS
aHOMAJIMI HYXJAIOTCA B JaJlbHEHIIIEM UCCIEN0-
BaHWU. MMM MoOryT OBITH HaKOIUIeHHEe B cpele
TSKEBIX META/UIOB, CJIOXKHBIX YIJIEBOAOPOAOB U
npyrve (paKTophbl.

INTRODUCTION

The abnormalities in the Ixodoidea were
studied for a long time. Previous authors most
often described the very rare abnormalities, such
as the hynandromorphism [Pavlovsky, 1939] or
the gnathosoma absence [Koshkin, 1967]. First
classifications of the abnormalities in the Ixodoi-
dea were made by Pavlovsky [1939], Pervomaisky
[1954] and Campana-Rouget [1959]. They re-
marked a very small quantity of anomalies (less
than 1%). They suggested that the interspecific
cross-breeding or some traumatically or chemi-
cally-induced influences during the preimaginal
period of the tick development would lead to
developing the abnormalities.
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Earlier several successful experiments on the
artificial terathogenesis in Acarina were done. The
ethylquinone was used to induce the abnormali-
ties in the Ixodoidea experimentally [Campana-
Rouget, 1959]. The exoskeleton abnormalities in
the Oppioidea were produced by adding the nickel
ions into the mite diet [Dubinina, Alekseev,
1994].

We examined the anthropogenic pollution
influences on Ixodes persulcatus Schulze and
Ixodes ricinus L. ticks, the vectors of important
diseases such as tick-borne encephalitis (TBE),
Lyme disease, and other tick-born borrelioses and
ehrlichioses. The first recorded pollution influ-
ence was described earlier as the appearance of the
exoskeleton abnormalities [Alekseev, Dubinina,
1993; Alekseev, 1995] and various tick reactions
on the Borrelia infection [Alekseev, Dubinina,
1997].

This research is an attempt to find out if the
anthropogenic pollution can cause in the exoskel-
eton abnormalities in ticks.

MATERIALS AND METHOD

Ticks from different areas of Russia and
Denmark with extremely varied pollution levels
were studied to determine the anthropogenic
pressure influences.

The ticks 1. persulcatus were collected 1993—
1999 in the recreational zone of St. Petersburg,
Russia, on the North-East beach of the Finnish
Gulf. More than 2500 samples were taken. This
region was registered as a focus of the TBE, the
tick-borne borreliosis infection and is suspected
for the chrlichiosis.

In Denmark 1. ricinus ticks were collected in
two places: in the National Park Gribskov (North
Zealand, 80 km from Copenhagen) and the
recreational zone of Kongelunden near the Kas-
trup International Airport, Copenhagen in 1999
(471 samples taken).

Apart from this, a large collection of 1. ricinus
ticks (2946 specimens) previously collected in
Zhiguli National Preserve (Russia) in 1990 and
fixed in 70% ethanol was also investigated.

Alive [I. persulcatus ticks were collected by
flagging and transferred to the laboratory. Their
locomotor activity was measured with the help of
original methods by Alekseev [Alekseev, 1996;
Alekseev et al., 1996; Alekseev et al., 2000].

All collected ticks were examined with a
stereomicroscope to detect exoskeleton abnor-
malities. Anomalous /. ricinus adults were taken
under the stereomicroscope and scanning elec-
tronic microscope (SEM).

All alive ticks collected in Russia were exam-
ined for TBE and borreliosis infection by IFA
analysis using the polyclonal antibodies and fluo-
rescent microscopy. The facts of Borrelia presence

and infection rate intensity among collected ticks
were estimated using darkfield microscopy (DF)
for alive spirochetes. By the use of PCR and RLB
methods DF positive specimens were studied for
the identification of Borrelia species. Ticks col-
lected in Denmark were examined for the exo-
skeleton anomalies only.

RESULTS AND DISCUSSION

The research yielded a large number of differ-
ent exoskeleton abnormalities. The abnormalities
in the adult I. persulcatus were described earlier
[Alekseev, Dubinina, 1993, 1997; Alekseev, 1995,
1996]. Since that time we have succeeded in
demonstrating the fact that similar exoskeleton
abnormalities can be found in the adult /. ricinus
and also in /. ricinus and I. persulcatus nymphs in
Denmark. The number of anomalous nymphs
detected in all investigated populations was less
than 1%. The main type (more then 95%) of
abnormalities found is the various deformations of
the scutum. Different types of scutum deforma-
tions are shown in Fig. 1—6. The rare abnormal-
ities such as the gnathosoma deformations are
presented in Fig. 7—8.

Despite the fact that anomalous ticks are very
different in their outward appearance, they can be
placed in one conditional group. This group will
differ from normal ticks not only morphologically
by the presence of anomalies, but also by several
other distinct features.

The locomotor activity of anomalous ticks of
both species of Ixodes is significantly lower in
comparison with the normal ones [Alekseev,
Dubinina, 1997; Alekseev et al., 2000]. Vice versa,
if the tick is infected the locomotor activity of
normal ticks decreases whereas it shows the great
increase in anomalous ticks (Fig. 9).

Different numbers of anomalous ticks were
detected in areas affected by different amount of
pollutants (Fig. 10). The maximum (48%) was
detected in the population of I.persulcatus near the
city of Cherepovets (Russia), where the major
metallurgical integrated plant is situated [Ale-
kseev, 1995].

The next two findings are related to St.
Petersburg, where studies were accomplished in
1993—1999. The collection place is situated near
the heavy traffic highway and is exposed to the
influence of aerosol wastes from St. Petersburg’s
North-East industrial complex. The recorded
decrease in the number of abnormalities, from
41% in 1993—1995 to 32% in 1996—1999, may be
explained by the decrease in the industrial pro-
duction in St.Petersburg during that period.

In Denmark the largest amount of abnormal-
ities (23%) was registered in the area, which is very
closely located to the Kastrup International Air-
port in Copenhagen. In preserved areas such as
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Fig. 1. Widely distributed deep scutum deformation. x 40.
Lricinus, female. 1999, Denmark.

Puc.1. [Iupoko pacripocTpaHeHHBIM THUIT OehopMaliuu
ckytyMa. x 40. Camka [. ricinus. 1999, lanus.

Fig. 2. The deeply lined hinder part of the scutum. x 35.
Lricinus, female. 1999, Denmark.

Puc. 2. CkimagyaTass HMXXHASL YacTh cKyTtyMa. x 35. Camka
Lricinus. 1999, Nanus.

Fig. 3. Multiple chaotic depressions on the scutum. x 45.
Lricinus, male. 1999, Denmark.

Puc. 3. MHOXeCTBEHHBIE XaOTUUHBIE BAABJIEHUS Ha CKYTyMe.
x 45. Camen Lricinus. 1999, JaHus.

Fig. 5. Scutum deformations. x 55. Lricinus, nymph. 1999,
Denmark.
Puc. 5. dedopmaumu ckytyma. x 55. Humda Lricinus. 1999,

Hanus.

Fig. 7. Anomalous deep fissure of the basis capituli right side.
x 100. Lricinus, female. 1999, Denmark.

Puc. 7. Tnybokasg aHOManbpHasi LUeJb HAa IIPaBOM CTOPOHE
ocHoBaHMsI rHaTocoMbl. X 100. Camka I ricinus. 1999, laHus.

Fig. 4. Deep depression of the hinder part of the scutum. x 40.
Lricinus, female. 1999, Denmark.

Puc. 4. TnyGokasi BIaBIeHHOCTb B HYDKHEI YaCTH CKyTyMa. X 40.
Cawmka [ricinus. 1999, JaHus.

Fig. 6. Asymmetrical deformation of the right hinder part of
the scutum. x 40. Lricinus, female. 1999, Denmark.

Puc. 6. AccumeTpuuHas nedopmaiivisi HIKHEN ITpaBoit yacTu
ckytyMa. x 40. Camka Lricinus. 1999, Janus.

Fig. 8. Reduced right palp. x 100. Lricinus, female. 1999,
Denmark.

Puc. 8. YkopoueHHas npaBas nansmna. x 100. Camka Lricinus.
1999, danus.
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Fig. 9. Suppression of locomotor activity of normal and anomalous /xodes persulcatus ticks depending on Borrelia infection

(1995—1999).

Puc. 9. [lonarsieHue nBUraTeIbHOM aKTMBHOCTH HOPMAIBHBIX M aHOMQJIbHBIX Kilelleil [xodes persulcatus B 3aBUCHMOCTU OT

3apaxXeHHOCTU Goppenusimu (1995—1999).
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Fig. 10. Occurence of anomalous [xodes ticks collected in different areas.

Puc. 10. BcrpeuaemocTh aHoManuii y kieuieli pona /xodes, cOOpaHHbIX B Pa3iMYHbIX PETMOHAX.

the Gribskov National Park (Denmark) and the
Zhiguli National Reserve (Russia) the smallest
number of abnormalities was recorded (less than
15%).

There is a noticeable linear dependence be-
tween the number of anomalous ticks in a popu-
lation and the anthropogenic pollution level.

CONCLUSION

Ixodes ricinus represents the same types of the
exoskeleton anomalies as Lpersulcatus. Nymphs
are a subject to the formation of abnormalities,
which aresimilar to adult ticks. This phenomenon
is reported for the first time.

Anomalous ticks differ from normal ones by
many parameters, including various exoskeleton
abnormalities and the lower locomotor activity.

The number of anomalous ticks in a popula-
tion greatly depends on the anthropogenic pres-
sure. It is high in the areas with the higher
pollution level.

Exoskeleton anomaly research can be a reli-
able method of biomonitoring of the environment
pollution level.

The exact terathogenesis-causing agent is not
known. Further investigations are necessary.
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