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ABSTRACT 

Peculiarities of the exoskeleton structure of the 
progeny (F ) of Ixodes ricinus females were stud-
ied. Females were collected on the Curonian Spit 
(Kaliningrad Region, Russia) where the proportion 
of ticks with and without exoskeleton anomalies 
increased from 12.7 to 42.5% during the past 6 
years. It was proved that under the influence of 
heavy metal ions accumulation in the environment 
(first of all because of Cd accumulation) the tick 
population acquired some new qualities. It was 
stated that the weight of engorged females, laid by 
them egg batches and F nymphs was smaller among 
the specimens belonging to the group of ticks with 
exoskeleton anomalies. Time of larvae hatching 
among same group of ticks was also longer. All 
differences were statistically significant. Anoma-
lous F adults were detected among normal as well 
as among progeny of anomalous parents, but among 
the first it was equal 11.6-21.6 (mean 17.1±1.82%) 
whereas among the second one it was equal 50.0-
92.5 (mean 78.6±6.1%, pcO.OOOl). The positive 
correlation between number of anomalous tocks of 
F generation and amount of Cd in the parent's 
organism and the hatched larvae was revealed (r = 
+0.985 and +0.987). Correlation with Pb concen-
tration was negative (r = -0 .716 and -0.903). 

Thus accumulation of Cd in the environment 
leads to the divergence inside the tick population 
and to the appearance of anomalous specimens. 
The latter, as it was demonstrated earlier on, are 
more susceptible to the tick-borne pathogens and 
are able to be multiinfected than normal ones, and, 

being infected, are more active as vectors and 
accordingly more dangerous for the people. 

РЕЗЮМЕ 

Изучены особенности строения экзоскелета 
у потомства (Fj) самок Ixodes ricinus, собранных 
на Куршской косе (Калининградская область), 
где за последние 6 лет встречаемость особей с 
аномалиями экзоскелета увеличилась с 12.7 до 
42.5%. Доказано, что под влиянием накопления 
ионов тяжелых металлов в окружающей среде, 
прежде всего Cd, популяции клещей приобре-
тают новые качества. 

Масса напитавшихся самок, яйцекладок и 
нимф, а также время начала яйцекладки и начала 
выплода личинок были меньше у особей с ано-
малиями экзоскелета (различия с нормальными 
особями статистически достоверны). Аномаль-
ные клещи были обнаружены в потомстве ¥ ] 

как нормальных, так и аномальных самок-роди-
тельниц: потомство нормальных самок содер-
жало 11.6-21.6 (в среднем 17.1+1.82%) особей с 
патологиями, в то время как потомство ано-
мальных самок — 50 .0 -92 .5% (в среднем 
78.6+6.1 %), различия статистически достоверны 
(р< 0.0001 ). Число особей с патологиями в обеих 
группах положительно коррелировало с концен-
трациями Cd в материнском организме и в вы-
плодившихся личинках (г=+0.985-0.987), тогда 
как корреляция с концентрациями свинца была 
отрицательной (,г = -0 .716 и -0.903). 
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Накопление Cd в окружающей среде при-
водит к дивергенции популяций клещей и появ-
лению аномальных особей, которые, как было 
показано ранее, более чувствительны к клеще-
вым патогенам, способны лучше выдерживать 
множественное заражение и, будучи заражен-
ными, более активные переносчики и в этом 
качестве более опасны для людей. 

INTRODUCTION 

Environmental pollution by heavy metals is 
long known to result in numerous, often dramatic 
changes in the biota as a whole and its individual 
elements in particular. The main studies on the 
effect of such pollutants still focus on vegetation 
and mammals, to a far less extent on some insects, 
but very little has been revealed in this respect 
among ticks and mites (Acari). 

Thus, increased doses of NiCl2 introduced with 
food to the mite, Opiella nova (Jacot, 1937) result 
in greater number and frequency of exoskeleton 
anomalies [Dubinina, Alekseev, 1994]. Abnormal-
ities in structure of the scutum of Ixodes persulca-
tus Schulze f rom the vicinity of St. Petersburg, 
Russia have also been found [Alekseev, Dubinina, 
1993,1996], later reconfirmed by electron micros-
copy. By comparing the prevalence and distribu-
tion of such anomalies over different territories of 
Russia, the largest numbers of abnormal ticks have 
been revealed near the Cherepovets Metallurgie 
Works, this suggesting that anomalies are related to 
heavy metal ion accumulation [Zharkov et al., 
2000а]. The first tests undertaken have confirmed 
that the content of cadmium {Cd), lead (Pb), zinc 
(Zn) and copper (Cu) differs in anomalous and 
normal ticks. The properties of abnormal and nor-
mal ticks, their infection capacity, their reactions to 
abiotic factors, locomotor activity etc. appear to 
vary as well [Alekseev, 2000; Zharkov et al., 2000a, 
b; Alekseev, Dubinina, 2000, 2004]. 

In the environs of St. Petersburg, the preva-
lence of such ticks correlates (r=0.947) with the 
pattern of industrial dynamics and the increased 
traffic intensity. Such abnormalities were first sug-
gested as appearing in the process of ontogeny 
under the effect of both heavy metal ion accumula-
tion during tick feeding and of their diapausing in 
polluted litter. However, an attempt to isolate lar-
vae and nymphs of I. ricinus collected in nature 
f rom natural hosts and polluted litter gave no desir-
able result, as the proportion of anomalous speci-
mens taken f rom the molt in laboratory adult ticks 
was very similar or the same as in nature. 

The objective of this study is to test the hypoth-
esis that anomalous tick properties are heritable and 
are determined by genetic change in the motherly 
part of population. 

MATERIAL AND METHODS 
Ticks 

Adult I. ricinus were collected on the Curonian 
Spit, Kaliningrad Region, Russia, where the prev-
alence of anomalies was checked for during several 
years. Its increase was noticeable. At the time of 
collection (2003) it was equal to 42.5%. Ticks were 
taken by flagging in a forest near Lesnoye at the 
beginning of May 2003. All females and males 
were inspected under the stereomicroscope to choose 
the most typical specimens which might have been 
selected for as anomalous or normal ones. The 
presence or absence of scutum deformations was 
carefully studied. Selected specimens were moved 
to a laboratory in St. Petersburg and placed on one 
and the same rabbit in two white caps made of white 
calico. Caps were glued to the back of the animal on 
carefully shaved skin. The rabbit wore a plastic 
collar that did not allow to destroy the caps. In one 
cap, six normal female and male ticks were placed, 
while the other contained seven females and males 
with exoskeleton anomalies. 

Dates of the beginning and end of feeding were 
monitored as well as the weight of engorged fe-
males. Then the females were kept individually in 
tubes with differentiated humidity in a box with a 
temperature of 21-24° С and a 20 h light photope-
riod. The beginning and end of egg laying, the 
weight of every egg batch as well as the emergence 
of larvae were timed. All females were labeled and 
had an individual number to check for the peculiar-
ities of their progeny. Every parent female that 
ended egg laying was divided into two parts, one of 
which was studied for heavy metal ion content, the 
other screened using PCR techniques for the pres-
ence of tick-borne pathogens. 

The larvae hatched f rom eggs were kept in the 
same box as females but then, during August 2003, 
they were placed to feed on mice with collars. Mice 
were kept in cages made of stainless steel net above 
layers of filter paper. On each mouse, 100 tick 
larvae were released. Engorged larvae were re-
moved from the bottom of the cage, and counted. 
With the number of engorged larvae determined, 
the process was repeated and the nymphs molting 
f rom the larvae were also counted. 

The emerged larvae not used for feeding were 
fixed in 72% ethanol and counted to study the heavy 
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metal ion content per 1,000 eggs. The number of 
eggs totaled 28,447. Nymphs emerging f rom larvae 
after keeping them in the same conditions were 
placed on mice in similar cages, with a rate of 25 or 
30 nymphs per mouse. Then not only the number of 
engorged specimens was estimated but also their 
weight measured. 

Emerged nymphs were kept in the same box in 
the same conditions but, before placing them on 
mice, they were kept during 2 weeks in a freezer at 
+4°C to stimulate their feeding activity. Nymphs 
were fed during the end of February to early March 
2004. All the adults that emerged as well as the 
progeny of known parents were counted and stud-
ied for the presence of anomalies. 

Heavy metal ion content of the progeny was 
also analyzed. Analysis of the content of heavy 
metals in tick samples: Zn, Cd, Pb, Cu. 

Each sample was placed into a quartz glass 
preliminarily dried to constant weight, and then it 
was dried in thermostat at 105°C to constant weight. 
After that the sample was subjected to dry mineral-
ization in an electric furnace where the temperature 

gradually changed f rom 150°C to 450°C, increasing • 
by 50°C every 30 minutes. 

After mineralization (before obtaining white 
ciders) the sediment was dissolved in distilled wa-
ter with addition of 1.0 sm3 hydrochloric acid in a 
concentration of 6.0 m/1 and moved to a measuring 
flask 25 ml in volume, with addition of the back-
ground solution. 

The content of Zn, Cd, Pb, Cu ions in the 
prepared sample solution was determined by inver-
sion coulometry with linear potential scanning us-
ing a S V A - I B M device. This technique is based on 
the electrochemical accumulation of metals on a 
rotated electrode made of glass-carbon at the con-
stant potential, with a subsequent dissolution of 
metals at a determined speed of changing the elec-
trode potential. 

At the measuring stage, the changing current is 
registered in correlation with the potential, that is, 
a coulometrogramme. In the presence of metal ions 
the current peaks appear on the coulometrogramme. 
The position of peaks on the potential axis is a 
qualitative description of the metal; the height of 

Group of 
ticks 

N o of 
female 

Heavy metal content (mg/kg) 
Group of 
ticks 

N o of 
female Cd Pb 

Group of 
ticks 

N o of 
female 

In females In larvae In females In larvae 

Normal 
females 

1 3.12 4.24 11.93 37.52 

Normal 
females 

2 3.65 1.06 22.10 16.80 

Normal 
females 

3 3.69 2.23 17.32 24.93 Normal 
females 4 3.11 4.53 12.70 34.84 
Normal 
females 

5 2.20 6.04 11.38 27.18 

Normal 
females 

6 4.39 5.37 10.59 26.10 

Mean - 3.36+0.30 3.91 ±0.77 14.34±1.83 27.8913.040 

Females with 
exoskeleton 
anomalies 

7 2.23 3.87 14.84 28.75 

Females with 
exoskeleton 
anomalies 

8 3.53 2.26 26.29 27.01 
Females with 
exoskeleton 
anomalies 

9 16.91 5.92 15.05 31.36 Females with 
exoskeleton 
anomalies 10 4.53 3.14 21.12 43.71 

Females with 
exoskeleton 
anomalies 

11 2.49 5.76 16.59 21.07 

Females with 
exoskeleton 
anomalies 

12 3.50 6.40 21.02 38.59 
Mean - 5.64±2.30 4 .56±0.69 19.15 + 1.83 31.75+3.34 
Ratio of mean amounts of 
Cd and Pb in anomalous 
ticks to normal ones 

1.7: 1 1.16 : 1 1.33: 1 1 .14 : 1 

Table 1. 
Heavy metal ion content in half of the female body after egg laying and in 1,000 larvae hatched f rom 

eggs. 
Таблица 1. 

Содержание ионов тяжелых металлов в половине тела самки после откладки яиц и в 1000 
вылупившихся личинок. 
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the peak depends on metal concentration, hence a 
quantitative description. The concentration of met-
al ions in the sample is determined by comparing 
the height of the peak in the solution analyzed with 
the height of the peak after addition to the sample of 
a determined amount of the standard solution with 
a certain concentration of the given metal. 

RESULTS 

As every female had its own number, all of its 
progeny qualities could be collocated with the 
parent 's properties. 

As can be seen f rom Table 1, there was no great 
difference between the Cd content in normal and 
anomalous ticks, when the minimal amounts of this 
metal 's ions are compared: 2.20 mg/kg in normal 
versus 2.23 mg/kg in anomalous ticks. The mean 
value with a standard error was not statistically 
significant, but the maximal content of Ccl (female 
No 9) was 4 times greater than that in the maximally 
"polluted" normal one (No 6 — 4.39 mg/kg). Nev-
ertheless, vitally important differences between the 
two parties of ticks appeared at the very beginning 
of their life cycle. 

All six normal females furnished their en-
gorgement, whereas only 7 of 8 anomalous speci-
mens could f in ish their f eed ing successfu l ly 
(87.5%). One anomalous female was unable to get 
attached. The time of feeding was the same in both 
groups: 7 - 8 days (mean 7.83 day). Yet the temporal 
lag between the reattachment and the beginning of 
oviposition varied in these two groups of ticks. 
Normal females began to lay eggs on the 8th day, as 
opposed to 9.16 days in anomalous ticks. All nor-
mal ticks that completed oviposition were still alive 
(100%), whereas only 5 of 7 (71.4%) anomalous 
specimens survived till the end of egg batch forma-
tion. In all cases, the larvae in normal ticks hatched 
from eggs on the 8lh to 10th day, whereas in anom-
alous female No 10 (metal content Cd 4.53, Pb 
21.12) this only happened on the 13th day. Moreo-
ver, the progeny of anomalous female No 9 {Cd — 
16.91 mg/kg, Pb — 15.05 mg/kg) appeared f rom 
eggs on the 26 ,h day only. 

The content of Cd in larvae hatched f rom eggs 
varied, because the weight losses of the parent 
female varied as well as the number of laid eggs, 
and it did not always correlate with the amount of 
engorged blood. Nevertheless, the mean amount of 
Cd in the progeny of anomalous females was great-
er than that in normal ticks (4.56±0.69 vs 3.91±0.77). 
Just the opposite, the amount of Pb was 1.6-2 times 
larger in larvae than in females, both with normal 

and anomalous ticks involved. The ratio of heavy 
metal ions inherited by larvae to that in females 
after egg laying was less: 1.16:1 vs 1.7:1 in the case 
of Cd and 1.14: 1 vs 1.33: 1 in the case of Pb. 

As can be seen f rom both Table 1, where the Cd 
content in every parent female is given, and Table 2, 
there is a strong negative correlation (Pearson= -
1.000) between the amount of heavy metal ions in the 
parent body and the feeding and egg-batch weights 
as well as between the Cd content and the number of 
the laid eggs evaluated as the number of emerged 
larvae. Such a negative correlation does exist both in 
normal and abnormal ticks. Among the former, one 
female (No 6) demonstrated the minimal vital pa-
rameters, whereas another (No 5) the maximal ones, 
depending on Cd concentrations. The difference in 
Cd content in the parent bodies reached a value of 2 
(4.39 vs 2.20). Anomalous ticks were more strongly 
related (Table 2) to the different amounts of Cd and 
Pb accumulated in the female body (Table 1) For 
example, the minimal number of the larvae hatched 
from the eggs laid by normal female No 6 {Cd 
content 4.39 mg/kg) was equal to 2,286, whereas the 
number of the larvae stemming from anomalous 
female No 9 {Cd content 16.59 mg/kg) was nearly 2 
times less, only some 1,200. The mean value of 
heavy metal accumulations being greater in abnor-
mal ticks, the mean values of such vital parameters as 
egg batch weight and the number of hatched larvae 
were significantly less in the group of anomalous 
ticks as compared to normal specimens. The differ-
ence between all these parameters was statistically 
significant (Table 2). 

Variations in feeding as well as in the number 
of larvae obtained from each egg batch laid by 
normal and anomalous females are demonstrated 
by Table 3. The progeny of female No 3 were 
excluded from the experiment, because the host 
mouse died before. 

The results of the study of larval and nymph 
engorgement as well as of molts are presented in 
Table 3. 

Both engorgement and molting occur consid-
erably better in the larval progeny of normal fe-
males than in those of abnormal ticks (Table 3). In 
contrast, the engorgement of anomalous tick prog-
eny at the nymphal stage ensues much better than 
that in normal parents ' progeny. Yet the number of 
molted nymph descendants of normal or abnormal 
parents differed only by some 7%, being statistical-
ly insignificant. 

Most of the engorged nymphs were weighed 
and kept individually. This al lowed to compare 
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Table 2. 
Difference in vital parameters of the life cycle of normal and anomalous Ixodes ricinus ticks. 

Таблица 2. 
Различия параметров жизненного цикла у нормальных и аномальных особей Ixodes ricinus. 

Characteristic of 
measured parameters 

Parameter value of different ticks Statistical 
significance 

of mean 
amounts 

difference 
(P) 

Characteristic of 
measured parameters Normal Anomalous 

Statistical 
significance 

of mean 
amounts 

difference 
(P) 

Characteristic of 
measured parameters 

Min Max Mean Min Max Mean 

Statistical 
significance 

of mean 
amounts 

difference 
(P) 

Heavy metal ion 
content (mg/kg) 

Cd 2.20 4.39 3.36±0.30 2.23 16.91 5 .64±2 .30 0.376 
Heavy metal ion 
content (mg/kg) 

Pb 10.59 22.10 14.34 + 1.83 14.84 26.29 19.15±1.83 0.045 

Weight of engorged 
females (mg) 

292.30 
(No 6) 

379.10 
(No 5) 

328.2±13.7 179.1 
(No 10) 

334.5 
(No 7) 

246.0±22.4 0.016 

Weight of egg 
batches (mg) 

170.0 
(No 6) 

227.0 
(No 5) 197.018.8 95.0 

(No 10) 
147.0 

(No 11) 133.0+11.8 0.010 

Number of emerged 
larvae 

2286 
( N o 6) 

3500 
(No 5) 2874.0±576.5 

1200 
(No 9) 

3318 
(No 11) 2024.7+781.8 0.050 

* In brackets -— number of parent female 

Table 3. 
Characteristic of engorgement and molts of anomalous and normal females ' progenies of Ixodes 

ricinus (larvae and nymphs). 
Таблица 3. 

Характеристика насыщения и линьки потомства (личинок и нимф) аномальных и нормальных 
самок Ixodes ricinus. 

Characteristic of tick 
developmental stage 

Progeny of 
ticks 

Stages of development 
Characteristic of tick 
developmental stage 

Progeny of 
ticks Larvae Nymphs 

Characteristic of tick 
developmental stage 

Progeny of 
ticks 

abs % abs % 

Engorgement 
Normal 728 / 900 84.2±4.8 386 / 597 64.4+7.4 

Engorgement 
Anomalous 7 8 5 / 1462 65.8±7.4 3 7 7 / 475 78.4±8.2 

X2 178.90 - 27.91 -

Molt 
Normal 728 / 728 100.0 366 / 386 91.0+8.3 

Mol t 
Anomalous 705 / 785 88.6±8.2 357 / 377 98.7+1.9 

X2 78.30 -
Insignificant 

(0.056) 
-

the nymphs, f rom which normal or anomalous 
ticks appeared later. As can be seen f rom Table 4, 
a part of the progeny of normal ticks showed 
anomalies. Vice versa, some of the abnormal fe-
males' progeny looked normal. In both cases, the 
differences were statistically significant {p-<0.05). 
The mean weight of normal males and females 
being the progeny of normal parents is significant-
ly higher than that of ticks with exoskeleton anom-

alies, even though superficially their parents were 
not anomalous (Table 5). 

All F{ males in the progeny of normal ticks were 
heavier than those of anomalous females, the differ-
ence between normal males in both groups being 
statistically significant. Just the opposite, the differ-
ence between anomalous male specimens was not 
great enough, being statistically insignif icant 
(/?=0.472). 
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Table 4. 
F progenies of normal and anomalous Ixodes ricinus ticks. 

Таблица 4. 
Соотношение нормальных и аномальных особей в первом поколении потомства нормальных и 

аномальных самок. 

Parameters 

Parents 

Parameters 

Normal Anomalous 

Parameters N o of 
emerged 

adults 

Prevalence of: N o of 
emerged 

adults 

Prevalence of: Parameters N o of 
emerged 

adults normal 
adults 

anomalous 
adults 

N o of 
emerged 

adults normal 
adults 

anomalous 
adults 

Progeny 360 82.9 ±1.8 17.1 ±1.8 366 21.4±6.1 78.6 ±6.1 
Ratio of normal to 
anomalous ticks in the 
progeny 

4.85: 1 - 1 : 3.67 

Table 5. 
Weight of engorged nymphs, f rom which normal or abnormal Ixodes ricinus ticks emerged (F of 

normal and abnormal parents). 
Таблица 5. 

Масса напитавшихся нимф, из которых выплодились нормальные или аномальные особи 
Ixodes ricinus (потомки F нормальных и аномальных родителей). 

Sexof emerged 
ticks 

Exoskeleton 
anomalies 

Progeny (F,) of different kind of parents 
p value 

(normal to 
anomalous) 

Sexof emerged 
ticks 

Exoskeleton 
anomalies 

Normal Anomalous 
p value 

(normal to 
anomalous) 

Sexof emerged 
ticks 

Exoskeleton 
anomalies 

N o of ticks Mean weight* 
(mg) N o of ticks M e a n weight* 

(mg) 

p value 
(normal to 

anomalous) 

Males 
- 55 2.816+0.069 16 2.7134+0.108 0.001 

Males 
+ 23 2.774±0.104 101 2.657±0.047 0.472 

p value (normal 
to anomalous) 0.000 0.617 -

Females 
- 74 4.749+0.064 11 3.909±0.243 0.801 

Females 
+ 22 4.645+0.126 117 4.299+0.057 0.000 

p value (normal 
to anomalous) 0.000 0.886 -

* Mean weight of the nymph, from which the tick emerged. 

Normal female ' s descendants of normal par-
ents were significantly heavier than the anomalous 
progeny of the same ticks (£>=0.000). Normal and 
anomalous females as the posterity of anomalous 
ticks were lighter than those of the descendants of 
normal females. The difference between the nor-
mal and abnormal females as the progeny of anom-
alous ticks, despite the different weights (3.9 and 
4.3 mg/kg), was nonetheless statistically insignifi-
cant (p=0.886). 

Analysis of the data presented in Table 6 
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allows to conclude that the mean prevalence of 
anomalous ticks as descendants of two groups of 
parent females, normal and anomalous, was statisti-
cally highly distinguished from each other: 17.1±1.8 
vs 78.6±6.1 (pcO.OOOl ). There is a direct correlation 
with Cd content observed in their mother-tick and 
hatched larvae (r=+0.997 and 0.985, Pearson). In 
contrast, there is no positive correlation between the 
amount of lead (Pb) accumulated by their parents 
and hatched larvae (r= -0 .716 and -0 .903, Pearson) 
and the number of abnormal progeny. 
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Table 6. 
Prevalence of anomalous progeny (F ) of normal and anomalous Ixodes ricinus ticks; its correlation 

with the content of Cd and Pb in the parent 's females and hatched larvae. 
Таблица 6. 

Преобладание аномальных особей первого поколения, связь их числа с содержанием ионов 
кадмия и свинца в самках-родителях и в вылупившихся личинках. 

Parameters 

Number of progeny of different parent females (%) 

Parameters Normal Anomalous Parameters 
min* max* mean** min* max* mean** 

Prevalence (%) 
11.6 

(No 1) 
21.6 

(No 6) 
17.1 ±1.8 50.0 

(No 12) 
92.5 

( N o 9) 
78.6+6.1 

Heavy metals ion 
content (mg/kg) 

Cd 
in parent female 3.12 4.39 

17.1 ±1.8 

3.50 16.90 

78.6+6.1 

Heavy metals ion 
content (mg/kg) 

Cd in 1,000 hatched 
larvae 

4.24 5.37 

17.1 ±1.8 

6.40 5.92 

78.6+6.1 

Heavy metals ion 
content (mg/kg) 

Correlation value of 
anomalous tick prevalence 

and Сd content 
0.997 - 0.985 — 

Heavy metals ion 
content (mg/kg) 

Pb 

in parent female 11.93 10.59 - 21.02 15.06 — 

Heavy metals ion 
content (mg/kg) 

Pb 
in 1,000 hatched 
larvae 

37.50 26.10 - 38.60 31.36 -

Heavy metals ion 
content (mg/kg) 

Correlation value of 
anomalous tick prevalence 

and Pb content 
- 0 . 7 1 6 - 0 . 9 0 3 -

* In brackets — No of parent female. 

Table 7. 
Content of Ccl and Pb (mg/kg) in nymph exuviae, and in the bodies of adult ticks, the progeny of 

normal and anomalous parents. 
Таблица 7. 

Содержание (мг/кг) кадмия и свинца в линочных шкурках нимф и во взрослых клещах, 
происходящих от нормальных и аномальных родителей. 

Tested material 

Parents Difference in heavy metal 
ions concentrat ion in 

normal versus anomalous 
ticks' progeny 

Tested material 
Normal Anomalous 

Difference in heavy metal 
ions concentrat ion in 

normal versus anomalous 
ticks' progeny 

Tested material 
N o of 
tested 
ticks 

Content of N o of 
tested 
ticks 

Content of 

Difference in heavy metal 
ions concentrat ion in 

normal versus anomalous 
ticks' progeny 

Tested material 
N o of 
tested 
ticks Cd Pb 

N o of 
tested 
ticks Cd Pb Cd Pb 

Nymphal exuviae 328 1.2 14.8 336 0.55 12.3 >2.2 >1.15 

Normal 
progeny 

Females 129 und.(0?)* 7.5 22 3.46 38.8 much less** <5.15 Normal 
progeny 

Males 133 und.(0?)* 8.0 47 3.35 26.1 much less** <3.24 

Anomalous 
progeny 

Females 36 0.46 16.5 147 0.23 4.9 >2.0 >3.96 Anomalous 
progeny Males 30 1.19 32.0 120 0.43 14.3 >2.8 >2.24 

* und. — undetectable amount of Cd; ** — impossible to divide zero or by zero. 

Data on the Cd and Pb contents in nymph As can be seen from Table 7, the cadmium 
exuviae and in the ticks of the F are summarised in content in nymph exuviae of the normal ticks' prog-
Table 7. eny was 2.2 times greater than that in exuviae of 
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anomalous parents ' progeny. Neither females nor 
males of the normal progeny of ticks without ex-
oskeleton anomalies contained a detectable quanti-
ty of Ccl, but they contained a small amount of Pb. 
This was 3 - 5 times less than that in the normal 
progeny of anomalous parents. The concentration 
of both these metals was higher in the anomalous 
progeny of normal ticks, which are most probably 
more tolerant to the pollutants. 

DISCUSSION 

Accumulation of Cd heavy metal ions proves 
to aggravate the vital parameters of I. riciniis tick 
organism both with and without exoskeleton anom-
alies. The greater amount of Cd contained in the 
female, the lesser the weights of engorgement and 
egg batches, and the lesser amount of larval prog-
eny obtained (Table 1). However, all the above vital 
parameters, apparently in response to the high 
accumulations of Cd, appear to be more strongly 
depressed in the group of ticks showing exoskele-
ton anomalies, the significance of the differences 
changing from 0.05 to 0.01. Similar signs of de-
pression are marked in the processes of larval 
engorgement and molt (Table 3, yj= 178.9 and 78.3). 
But at the nymphal stage the reverse is noticeable in 
the laboratory conditions: nymph descendants of 
anomalous ticks engorged better (x2=27.91), and 
they even molted a little better as well. 

The most important observation that proves 
the normal and anomalous ticks to belong to two 
different heterozygous populations lies in the dif-
ferences in the number of normal and anomalous Fj 
progenies of different parent females. Tables 4 and 
6 show that the progeny of ticks with exoskeleton 
anomal ies conta in 7 8 . 6 ± 6 . 1 % abnorma l and 
21.4±6.1% normal specimens. The 1 to 3.67 ratio is 
virtually the same as a normal Mendelian distribu-
tion. Among the F{ progeny of normal ticks the ratio 
of the occurrence of normal to anomalous descend-
ants is 4.85 to 1 (82.9% and 17.1% of normal and 
anomalous ticks in the progeny, respectively). Such 
deviations could be a result of cross-fertilization of 
normal and abnormal I. ricinus collected in nature, 
because the ticks are known very often to be insem-
inated prior to attachment to the vertebrate host 
[Babenko, 1985]. Based on the data presented in 
Table 6, it becomes clear .that all the main effects 
detected in this study root in Cd but not Pb concen-
trations in the parent female body. The direct cor-
relation observed between Cd content and the min-
imal and maximal prevalence of anomalous ticks 
(Pearson r = +0.997) proves this. 

The progeny of normal parents (PP) lost twice 
as much cadmium in nymph exuviae as did the 
progeny of anomalous ticks (1.2 vs. 0.55 mg/kg, 
Table 7). As a result, the normal F, females and 
males the progeny of normal PP contained undetec-
table amounts of Cd. Just the opposite, in the 
morphologically normal progeny of anomalous PP 
the content of Cd and Pb was comparable with that 
detected in their mothers (for example, the body of 
female Ф 8, Table 1). Anomalous progeny of nor-
mal PP were able to contain more Cd and Pb than 
anomalous F , whose PP were also anomalous (for 
example, the content of Cd in females and males 
amounted to 0.46 and 1.19 vs. 0.23 and 0.43 mg/kg, 
respectively). The cause of such differences can be 
accounted for by higher mortality rates observed in 
the specimens more strongly polluted by Cd on 
their larval stage (Table 3). It is noteworthy that the 
concentration of Pb in both kinds of nymph exuviae 
was nearly equal (14.2 and 12.3 mg/kg, respective-
ly). This once more emphasizes the roles played by 
Cd in the selection of anomalous specimens in 
Ixodes tick populations. What is also highly impor-
tant, in experimental, laboratory conditions with-
out contact with a polluted environment, the normal 
progeny of normal PP are virtually Cd-free, pre-
sumably representing the main selection factor. 
Nevertheless, the role of Pb accumulation cannot 
be fully discarded. 

The suppressed vitality of the population with 
exoskeleton anomalies is evinced from the lesser 
weight of engorged nymphs, f rom which anoma-
lous (lighter) and normal (heavier) ticks appeared 
(Table 5). Instead of showing many of its vital 
properties oppressed, this population has not disap-
peared f rom nature. On the contrary, the prevalence 
of ticks with anomalies is increased f rom year to 
year over all study territories [Alekseev, Dubinina, 
1993, 2000; Zharkov et al., 2000a, b]. This phe-
nomenon seems to only be accounted for by the 
increasing environmental pollution by Cd-ions cou-
pled with selection enforcement. 

Most likely the observations documented here 
agree with what has been termed as genetic poly-
morphism [Altukhov, 1989] and described "as the 
existence of one and the same population, in which 
two forms well distinguished from each other are 
able to appear in the progeny of one female but both 
occur with a frequency that excludes support of the 
rarest one through repeated mutations". Eventual-
ly, a polymorphous population exists when the 
expression frequency by some locus amounts to 1 -
5%. In our case, in the progeny of the normal 
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females the percentage of anomalous ticks ranged 
between 11.6 and 21.6%, whereas normal animals 
in the progeny of anomalous parents appeared as 
frequently as in 7 .5 -50% cases. Quite possibly the 
cause of exoskeleton anomalies as a phenomenon 
lies in polymorphism of tick chitinous hydrocarbon 
content, first revealed in I. ricinus populations by 
Estrada-Penà et al. [1996]. 

At the same time, the capacity to accumulate 
and be tolerant enough to the great amounts of 
cadmium is clearly adaptive in character. As dem-
onstrated elsewhere [Alekseev, Dubinina, 2004], 
the genetic structure of anomalous ticks must be 
deeply changed, involving many polygenic sys-
tems, because the vector capacity [Alekseev, Dubi-
nina, 2004], the locomotor activity [Zharkov et al., 
2000a, b] and the reactions to some abiotic factors 
[Alekseev, Dubinina. 2000] of anomalous ticks are 
quite different to those observed in morphological-
ly normal specimens. With the increased and ongo-
ing accumulation of Cd in the environment due to 
industrial and traffic pollution, the pressure of 
selection rendered on some Ixodes tick populations 
must really be high. This means that occasional 
gene drift events are to be excluded f rom consider-
ation. It seems quite plausible that the polymor-
phous populations of Ixodes ticks are in the process 
of active speciation, like are the documented cases 
of industrial melanism among some insects [Za-
kharov, 2003]. The prevalence of anomalies in and 
the increasing heterozygosis of I. persulcatus pop-
ulations, i.e. genotype 4(1.3 alleles) [Alekseev, 
Dubinina, 2004], also support this opinion. 

Nonetheless, the suggested active selection 
and speciation triggered off by Cd pollution in 
Ixodes seems to be controversial in consequences. 
Increasing the Cd contamination by the normal 
ticks leads to a greater number of specimens with 
exoskeleton anomalies. At the same time, the vital-
ity of ticks with such anomalies is clearly lower 
than that of normal ones. The engorgement in 
abnormal animals is not so efficient. Their egg 
batches are l ighter, the number of eggs and hatched 
larvae is also decreased. The Fj progeny stemming 
from the females with the maximal amounts of Cd 
in the body prove to contain the highest number of 
anomalous ticks and the lowest of normal ones. 
Their F2 progeny is simply bound to be less abun-
dant. This way the effect of Cd pollution and 
contamination on Ixodes ticks reveals a feedback. 

In addition, if this hypothesis is correct, the fact 
could be accounted for that nowhere over the vast 
distribution area of Ixodes ticks a population has 

been found yet, in which the prevalence of morpho-
logically abnormal specimens would be greater than 
half (50-51%) [Alekseev, Dubinina, 2004]. 
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