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Complex Analysis of Morphological Characters of Gamasid Mite Varroa destructor (Parasitiformes, Var-
roidae). Akimov I. A., Benedyk S. V., Zaloznaya L. M. — The study of seasonal variability of mite
V. destructor was carried out. The summer generation of mites appears to be characterized by the largest
morphological variability whereas the winter one has stable characters. We failed to evolve the complex
of morphological characters that would allow us to identify, with high level of reliability, certain
phenotype of the mite. Significant stability of morphological characters of V. destructor in the course of
time was determined. The mean values of the length and width of the body allow to consider the
Ukrainian population of Varroa mite, which parasitize the honey bee Apis mellifera Linnaeus, as the
Korean haplotype of Varroa destructor Anderson et Trueman, 2000.
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KomniekcHblii ananmn3 Mopdo10ruuyecKux Npu3HAKOB rama3oBoro Kiema Varroa destructor (Parasitifor-
mes, Varroidae). Akumos U. A., Benenuk C. B., 3ano3nas JI. M. — [IpoBeneHO uccienoBaHue Ce30H-
HOW M3MEHUYMBOCTU Kiewia V. destructor. YCTaHOBJIEHO, UTO JIETHSISI TeHEpalUsl KIELIel XapaKTepusu-
pyeTcsl HaMOOJbIIIEH UCIEpCUeil MPU3HAKOB, a 3UMHsIS — HauboJblleil WX crabuibHOCThIO. He
YAATOCh BBIICIUTH KOMIUIEKC MOP(OIOTMYECKUX MPU3HAKOB, KOTOPHI OBl MO3BOJSI C BBICOKMM
YPOBHEM TOCTOBEPHOCTH MACHTU(MUIIMPOBATH OMpeneIeHHbII (heHOTHUIT KiTella. BrisiBieHa 3HAUNTEb-
Hasl CTaOMJIBLHOCTh MOPGOJIOTUYECKUX MPU3HAKOB V. destructor BO BpeMeHU. [1oATBepXaAEHO, YTO TIO
CpeHEMY 3HAYEHUIO [UTMHBI U IIMPUHBI Teia, apasuTUPYIONIMA Ha MEIOHOCHOI Tuene Apis mellifera
Linnaeus B YKpauHe, KJelll Bappoa OTHOCHUTCS K OMUCAHHOMY KOpEWCKOMY Tariotury Varroa des-
tructor Anderson et Trueman, 2000.

Knwuesbie cnosa: Varroa destructor, raMa3oBblie KJIELIX, MOP(HOJIOTHsI, CE30HHAs U3MEHUNBOCTD.

Introduction

The ectoparasitic mite Varroa destructor Anderson and Trueman, 2000 (V. jacobsoni in our works) has
tropical origin and initially parasitized the waxy bee Apis cerana Fabricius. The shift to the honey bee Apis
mellifera Linnacus happened likely in the late 1960s, when A. cerana and A. mellifera were kept jointly in East
Asia (Delfinado, 1963). Then V. jacobsoni successfully acclimatized in the wide and different areas of
distribution of its new host, and became cosmopolitan species (Griffiths, Bowman, 1981; Akimov et al., 1993;
Zhang, 2000). Elucidating the question how, in the expansion, the mite reveals its genetic and phenotypic
potential of variability, resulted in a number of study works on intraspecific morphological differentiation of
the parasite (Grobov, Shabanov, 1979; Akimov, Yastrebtsov, 1985; Akimov, Zaloznaya, 1986; Zaloznaya,
1988; Delfinado-Baker, Houck, 1989). It is proved that morphological characters of varroa mite characterized
by geographic variability that is connected with not only different natural climatic conditions, but also with
distinct host species (Delfinado-Baker, Houck, 1989; Anderson, 2000). In addition, there are periods of
intensive reproduction of mite (in summer) and non-reproduction (in winter) under temperate climate
conditions were observed that is an abnormal phenomenon of varroa, because it is reproducing all the year
round in the area of its origin (Malaysia—Indonesia—New Guinea region). That is why the study of
morphological adaptation of the parasite to season change is of significant interest. The first studies
concerning this issue were carried out by I. A. Akimov, L. M. Zaloznaya, V. M. Efimov and Yu. K. Galak-
tionov (1988, 1989, 1990).

The purpose of this study was the complex analysis of seasonal morphological differentiation of females
V. destructor using the multivariate statistics method.
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Material and methods

The study of morphological variability of Varroa destructor was carried out on adult females, collected
in two bee colonies of private apiary in Radomyshl of Zhitomyr Region in different seasons of 2001—2003.
Fifteen samples, each of 40—70 mites, were examined. The samples G, J (the X month), H (the II month),
I, K, L (the III-V months), M (the VI—VII months) were collected in the colony &1, and the samples A,
B, E, (the IX—X months), C (the II month), D (the III month), N, O (the VI month) from the colony &
2. Total amount is 741 mites.

At first, every mite was characterized by 22 quantitative characters; 13 of them were bilaterally symmetric.
Later, some of characters depending on the position of mites on slide, were excluded from consideration. These
are the length of the anal setae, the length of the anal shield, the length of the peritremal tubes, the number of
the setae on the second segment of the palps, the number of the pores on the sternal shield.

As a result, 17 morphological characters of females were treated statistically, as follows: 1 — length of
dorsal shield; 2 — width of dorsal shield; 3 — width of pleyral shield; 4 — length of pleyral shield; 5 — width
of lateral shield; 6 — larger width of sternal shield; 7 — length of genital shield; 8 — width of genital shield;
9 — width of the basis of gnathosoma; 10 — distance between 1st pair of sternal setae; 11 — distance between
Ist and 2nd of sternal setae; 12 — number of setae on sternal shield; 13 — distance between anal setae; 14 —
length of macrochaeta of trochanter of IV leg; 15 — length of tarsus of IV leg; 16 — distance between 1st
and 2nd hypostomal setae; 17 — distance between 2nd and 3rd hypostomal setae.

In addition to absolute measurements of mite, the length to the width ratios of the same organ were
used that allow to draw conclusions about variability of organ shape (Filippova, Musatov, 1996). The mea-
surements are as follows: 18 — length / width ratio of dorsal shield; 19 — length / width ratio of pleyral
shield; 20 — length / width ratio of genital shield.

The principal component method, analysis of variance and linear discriminant analysis were performed
to evaluate variability and compare samples. All characters were standardized prior to the principal compo-
nent method analysis (Zhivotovskij, 1991). Pictorial model of eight samples (two samples of each season,
collected from two colonies at the same time) was used to establish significant dependency of characters on
the seasonal factor (Plochinskij, 1961). These samples from all seasons were analyzed by the discriminant
analysis method.

Calculations were made using IBM PC, by the use of the Statistica. 6 for Windows (StatSoft, Inc.,
USA) and SPSS. 11 for Windows (DiaSoft, Inc., USA) software.

Results

Performed analysis resulted in discrimination of 5 principal components that de-
scribe 61% of the total variance. The scatter of seasonal samples occurred in space of
the first three principal components (fig. 1). Significant contributions of characters 1,
2,3,4,5, 6,7, 8 in the first principal component (30.7% of the total variance) (tabl. 1)
indicate that its establishment is connected with the variability of shields, and it may
be interpreted as dimensional. Characters 10, 11 that put significant contributions (but
with opposite signs) in the second principal component (8.8%) characterize the dis-
tance between sternal setae, i. e., the oblongness of its front part. So that, they may be
regarded as female characters that indicate body size oscillations in longitudinal-trans-
verse direction. That is why the second principal component may be considered a com-
ponent of variation of longitudinal-transverse axis of mite. The third principal compo-
nent (8.1%) that was established by characters 15, 16, connected with variability of the
size of legs and the distance between the 1st and 2nd hypostomal setae, i. e., also with
the size of the coxa of I leg (chelicera).

Scatter plot of seasonal samples in space of three principal component (fig. 1) indi-
cates that the groups of summer and spring samples are the most detached from each
other, where separation is on the second principal component. When centers of the
samples groups projected on its axis, the summer samples are disposed at the beginning
of the axis, with the spring samples on the end. Hence we may affirm that summer
mites are characterized by less sizes of the body in its longitudinal-transverse direction
if compared with spring mites. The winter and autumn samples stand on intermediate
position, the winter samples are situated closer to spring ones.

The analysis of ranges of standard deviation and mean values of the absolute mea-
surements of shields and their proportion (fig. 2—4) indicates that the summer mites
are characterized by the maximum variability of characters in regard to specimens of
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Fig. 1. Scatter plot of seasonal samples of female mite in space of three principal components (blank signs

refer colony N 8, black signs to colony N 1).

Puc. 1. [luarpamMmma paccesitHusI CE30HHBIX BEIOOPOK CaMOK KJIEIIa B IPOCTPAHCTBE TPEX TIABHBIX KOMITOHEHT
(He3akpallleHHbIe MapKepbl OTHOCSITCS K ImyesioceMbe No 8, 3akpallieHHble — K ImyesoceMbe No 1).

other seasonal samples. Moreover, they have the largest mean value of the shield length
to width ratio with lesser mean value of the width and insignificantly larger mean value
of the length in comparison with the other seasonal samples. The winter and spring mites
show enlargement of the width of the genital and pleural shields with almost the same
value of the length in regard to the other samples. So, the summer mites are character-
ized by diminution of measurements of shields in transverse direction as compared with
the winter and spring mites that is verified by the results of aforesaid analysis as well.

Table 1. Contributions of characters of seasonal samples’ objects in the I, II and III principal components
Taoauma 1. Bkiaasl npu3HakoB 00beKTOB ce30HHbIX BbIOOPOK B I, 11 u 111 riaBHbie KOMIOHEHTHI

Principal components Principal components
Characters Characters

1| oo [ m I 1 il
1 0.78* —0.05 0.05 10 0.13 —0.84* 0.09
2 0.87* 0.05 0.21 11 0.15 0.85% 0.11
3 0.83* 0.07 0.25 12 0.04 —0.04 0.14
4 0.75% 0.00 —0.08 13 0.09 0.06 —0.21
5 0.59* —-0.20 —0.39 14 0.26 0.01 —0.22
6 0.80* 0.04 0.08 15 0.41 —0.01 0.56*
7 0.76* —-0.04 —0.09 16 0.08 0.00 0.75%
8 0.84* 0.08 0.18 17 0.14 0.03 —0.02
9 0.14 0.06 —0.22 A, % 30.7 8.8 8.1

Cumulative variability, % 30.7 39.5 47.6

Note. A — percent of variance; * — factor loading = or > (0,6].
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Fig. 2. Mean value (Mean), standard error of mean (SE) and standard deviation (SD) of length (vl) and width
(v2) of the dorsal shield and their ratios (v18). By the axis X: I — autumn; II — winter; III — spring; [V — summer.

Puc. 2. Cpenxee 3HaueHue (Mean), cranmapTHast ommoka cpeaHero (SE) u cranmaptHoe oTkiioHeHue (SD)
mmuHbL (v1) u wmpuHBl (v2) DopcaibHOTO 1uTa W ux cootHouieHue (v1§); mo ocu X: I — ocensw; I —
3uma; Il — BecHa; IV — nero.
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Fig. 3. Mean value (Mean), standard error of mean (SE) and standard deviation (SD) of length (v4) and

width (v3) of the pleyral shield and their ratios (v19). By the axis X: I — autumn; II — winter; III — spring;
IV — summer.

Puc. 3. Cpennee 3HaueHue (Mean), cranmapTtHas ommoka cpeaHero (SE) u cranmaptHoe otkiioHeHue (SD)
IUTUHBL (v4) ¥ mmpuHsl (v3) muielipasibHOTO 1KMTa U UX cooTHoueHue (v19); mo ocu X: I — ocens; I —
3uma; Il — BecHa; IV — JeTo.

v7 v8 v20
610 760
0,83
590 740 b
(| 0,81} ;
570 720 r 1
0,79+ ]
330 1 I 1V 700 TR TR
season season 0,77 ]
| 11 Inr v

OMean [J*+SE I +SD

season

Fig. 4. Mean value (Mean), standard error of mean (SE) and standard deviation (SD) of length (v7) and
width (v8) of the genitoventral shield and their ratios (v20). By the axis X: I — autumn; II — winter; III —
spring; IV — summer.

Puc. 4. Cpennee 3nauenue (Mean), ctanmapTHas omnbka cpegHero (SE) u cranmaptHoe otkiioneHue (SD)
IUTMHBIL (V7 ) ¥ IMpuHbI (V8) TEHUTOBEHTPAIBHOTO IIKUTAa U UX cooTHoineHue (v20); mo ocu X: I — oceHb;
II — 3uma; III — Becha; IV — nero.
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Table 2. Characters and the shield length/width ratio by which the distinction of seasonal samples is statisti-
cally significant (P < 0.01) (one-way ANOVA)

Ta6anua 2. [Ipu3HaKu U COOTHONIEHUS JUIMHBI W INMPHHBI HIATOB, MO KOTOPbIM CTATHCTHYECKH JTOCTOBEPHO
(P < 0,01) orimmuatorcs ce3oHHbie BBIOOPKH (one-way ANOVA)

Samples | Colon Season c D o E H L M J
P y winter spring summer | autumn winter spring summer | autumn
C 8 winter 18 19,20 18 - - 20 18
D 8 spring - 18, 9, 20 — - - 18 -
(0] 8 summer 2, 3, 5, 2, 3,5, 18 19, 20 19, 20 - 18, 19,20
15,16 11, 5, 16
E 8 autumn 1,5, 9,5,15, 2,3, 11, 18, 20 18, 19 18 -
15, 17 16 16,
H 1 winter - 9 3,59, 1,515, 18 20 18
11, 15, 16
16
L 1 spring - 14 2,3,5 1,5, 15, 14 - 18
11, 14, 16, 17
15, 16
M 1 summer 9, 5,6 9, 15,16 9, 11, 16 1 5,15, 16 3,9, 14, —
15, 16
J 1 autumn 1,9, 15 2, 3, 14, 9 1,9, 15 1, 15 1,9, 16
15 16

Note. The left of diagonal — characters, the right of diagonal — ratios.

When pairs of studied seasonal samples are compared (tabl. 2), the summer sam-
ples proved to have the largest number of statistically significant distinction in charac-
ters as compared with all other samples, though the distribution of these characters is
widely overlapped (fig. 2—5). They significantly differ from the spring and winter sam-
ples in the width of dorsal, pleyral and lateral shields, width of the basis of the gnatho-
soma, distance between the Ist and 2nd sternal setae, length of the of the IV leg tar-
sus, distance between the 1st and 2nd hypostomal setae. They significantly differ from
the autumn samples in the length and width of the dorsal shield, width of the pleyral
shield, distance between the 1st and 2nd sternal setae, the length of the macrochaeta
of the IV leg trochanter, the distance between the 1st and 2nd hypostomal setae. The
summer samples also significantly differ from the other in length to width ratio of the
dorsal, pleyral and genital shields. The winter and spring mites are most similar
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Fig. 5. Distribution frequency of length (4) and width (B) of the dorsal shield of summer and winter samples.

Puc. 5. Yacrora pacnpeaeneHusi iHbl (A) U WMPUHBI (B) DOPCATLHOTO LIUTA KJIEILEH JETHUX U 3UMHUX
BBIOOPOK.



62 1. A. Akimov, S. V. Benedyk, L. M. Zaloznaya

Table 3. Correlation coefficients of variables with discriminant functions (P<0.01)
Taoauna 3. KoapuunenTor Koppessiuun NPU3HAKOB ¢ AUCKpUMHHAHTHBIME ynkuusvu (P < 0,01)

Characters | DFI DF II Characters and ratios | DFI DF II
1 0.03 0.40* 5 —0.36 —0.12
2 —0.22 —0.11 6 0.04 —0.15
3 —0.29 —0.05 9 0.11 —0.28
4 —0.05 -0,19 10 0.03 0.09
5 0.33 —0.16 11 0.15 —0.19
6 —0.04 —0.13 12 —0.04 0.12
7 0.10 —0.15 13 0.03 0.04
8 —0.15 0.05 14 0.19 —0.22
9 —0.11 —0.23 15 0.50%* 0.42*
10 —0.03 0.08 16 0.66* —0.07
11 —0.14 —0.15 17 —0.00 —0.29
12 0.04 0.10 18 —0.30 0.65*
13 —0.03 0.04 19 —0.28 —0.09
14 —0.18 —0.18 20 —0.32 —0.22
15 —0.45*% 0.44*
16 —0.62* 0.02
17 —0.01 —0.27

Cumulative variability, % 71 95 Cumulative variability, % 71 95

Note. * r = or > |0,4|

morphologically and differ significantly from each other in the width of the basis of the
gnathosoma, the length of the macrochaeta of the IV leg trochanter, and length to
width ratio of the dorsal shield. The exception is the pair of samples C—L that does not
significantly differ in any character. Concerning the autumn samples, they are lying in
intermediate position between the summer and the spring and winter samples.

Certain distinction is shown to exist between the pairs of the summer, autumn and
spring samples, but not winter samples from different colonies. This may indicate sig-
nificant stability of characters of the winter mites.

The results of discriminant analysis (tabl. 3, beginning from r = |0.4/, P < 0.01)
indicate that the length of the IV leg tarsus, distance between the Ist and 2nd hypos-
tomal setae (on the first discriminant function (D 1), length of the dorsal shield and
length to width ratio of the dorsal shield (on the second discriminant function (DF 2),
length of the IV leg tarsus, distance between the 1st and 2nd hypostomal setae (on
DF 1), length of the dorsal shield, and length to width ratio of the dorsal shield (on
D 2) mostly contribute to establishment of distinction among seasonal samples.
Simultaneous analysis of the absolute values of the length and width of shields and their
proportion was not carried out, for in this case the length and width of shields would
have been in use twice, and would have resulted in artificial increase in weight of char-
acters (Filippova et al., 1990).

In the two-dimensional distribution
of discriminant functions (fig. 6, A, B),
1 | 2 | 3 | 4 clear separation of seasonal samples does
| 0 220 117 3.06 not occur, though the summer specimens

appear to be quite detached.
2 246 0 079 3.95 The analysis of values of squared
Spring 3 1,30 086 0 4,32 Mahalanobis distances (tabl 4) also indi-
4 cate that the summer samples significant-
ly differ from all others, namely they dif-

Table 4. Squared Mahalanobis Distances
Taonauma 4. Paccrosnne Maxananoouca

Season | Ne

Autumn
Winter

Summer 3,97 4,51 4,81 0
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Fig. 6. Distribution of specimens of seasonal samples on area of two discriminant functions by the complex
of characters and rations of length and width of shields.

Puc. 6. PacnipenesnieHrie 3K3eMIUISIDOB CE30HHBIX BBIOOPOK B TUIOCKOCTH JABYX AMCKPUMMHAHTHUX (DYHKLIMIA
M0 KOMIUIEKCY MPU3HAKOB U COOTHOLUCHUI JUIMHBI U IIMPUHBI LIUTOB.

fer most considerably from the spring samples, and are the least different from the
autumn ones. There was insignificant morphological distinction between the winter and
spring mites.

A search for the complex of characters that would significantly improve diagnostic
capability of morphological characters, both on the group as a whole and on individu-
al seasonal samples (Magowski et al., 2000) by the means of discriminant analysis, does
not bring an expected result. The removal of the characters 12, 8, 2 from the analysis
improves the accuracy of identification only by 2% (62% in comparison with 60% when
all 17 characters are used). Further diminution of the number of characters in differ-
ent combinations and change of absolute values of the length and width of shields to
their ratio is resulted in decrease of diagnostic capabilities of discriminant analysis. Such
a low level of forecasting ability of the given combination of characters may be
explained by the fact that every seasonal sample is quite variable by characters that do
not allow to collect similar samples for analysis.

Discussion

Studied seasonal samples of V. destructor differ from each other statistically reli-
ably. The summer generation of mites is particularly distinguishable in the degree of
characters variability. On the contrary, the winter generation is characterized by the sta-
bility of morphological characters.

The maximum similarity of characters of the winter and spring generations found
in the course of study can be explained by the fact that qualitative structure of mite
population during this period changes insignificantly. The point is that the mite mor-
tality does not exceed 6—8% during the wintering (Sal’chenko, 1977; Lange et al., 1977,
Fries, Perez-Escala, 2001), and the emergence of sealed brood in February—March
does not result in successful reproduction of the parasite (Piletskaya, 1992; Akimov et
al, 1993; Martin, 2001).

During intensive reproduction (late spring and summer) maximum diversity of
mites may be observed, that explains the highest distinction of the summer samples
from the other ones. Variability of most characters of females increases simultaneously
from spring till autumn, whereas in winter period it decreases. In particular, the sum-
mer generation of mites differs from the winter generation in general decrease of the
body measurements and decrease of the measurements of the shields on its ventricular
surface, i. e., by decrease in the degree of its sclerotization, decrease of transversal
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measurements of the body, length of the IV leg tarsus, distance between the 1st and
2nd hypostomal setae. However, ranges of these characters widely overlap. That is why
we failed to distinguish clearly between the summer and winter phenotypes (morpho-
types) of the mite and pick out the complex of characters that would allow us to iden-
tify the definite morphotype with high level of reliability.

Like the other authors (Milushev et al., 1979; Rademacher, 1985), we also noted
the mass natural mortality of varroa during the end of August—September that was pos-
sibly connected with the completion of life cycle of the summer generation and selec-
tion of the wintering generation. This phenomenon is assumed to be connected with
different viability of the summer and winter mites during different seasons. During the
wintering selection is directed upon elimination of individuals that worse adapted to
phoresia on bee, and during the summer selection upholds individuals that better adapt-
ed to reproduction (Zaloznaya, 1988; Akimov et al., 1989; 1990; 1993). It may also be
assumed that mass natural mortality of the summer generation of mites connected with
the fact that, because of intensive reproduction, the summer females exhaust their
resources more quickly than the winter females. As a result, their lifetime becomes 2—3
months shorter than that of the winter mites (Lange et al., 1976; Petrova et al., 1982).

One of the main features of the mite biology is the strict synchronization of its
reproductive cycle with vital functions of the host, first of all with brood development.
The time of its appearance depends, apart from climate conditions, on the microcli-
mate conditions of a colony, race peculiarities, and the age of a queen (Akimov et al.,
1993). This fact, to a considerable extent, clarifies why in some colonies (even at the
same apiary) some difference in the dynamic of their development may be observed.
That is why both the dynamic of mite population development and the increase in its
variability may considerably differ in different colonies at the same time. This causes
the distinction of pairs of the same seasonal samples, namely those of the summer,
autumn, and spring from different colonies. On the contrary, similarity of the winter
samples shows that minimum variance of characters is typical for the winter phenotype
of the mite. It means that the winter form may figure as a model sample for the com-
parison of various populations of varroa mites from distinct colonies or ever local pop-
ulation of the parasite.

In general, it is worth noting the considerable conservatism of the morphological
characters of V. destructor in the course of time. Twenty-five years after the latest study
of seasonal variability of mite more then 250 generations of the parasite changed, but
its general statistic indexes remain stable.

Hence we may assume that Varroa keeps on evolving functionally, adjusting itself
to different races of bees and to the new climate conditions. This assumption is
strengthen by the interest in study of biochemical interactions between the parasite and
host (Hanel, Koeniger, 1986; Rosenkranz et al., 1993; Martin et al., 2001; Colin et al.,
2001). It is possible that not only morphologically distinct forms but also the adapta-
tion of outwardly similar forms on the physiological level may serve as a mobilizing
reserve.

The obtained results also suggest that the studied mite is identified as V. destructor
Anderson & Trueman, 2000, in particular, its Korea haplotype by the mean value of
the length and width of the body (1149.46 mem. (£ 0.8 mem.) and 1692.6 mem.
(+ 1.70 mem.) accordingly). However, in the course of the study we came across the
mites with the least mean value of the length and width of the body 1037.5 mem.,
1400.0 mem. accordingly that is typical of V. jacobsoni (Anderson, Trueman, 2000).
This variation of characters may be considered as a display of the reaction norm under
certain conditions (Yablokov, Yusufov, 1989), since the frequency of occurrence of the
individuals has made 0.1% from total amount of sample. However, as this study demon-
strated, the length and width of the body significantly differ from each other even in
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the same population of mite during different seasons. That is why we assume that only
two morphological characters are not enough for a valid description. The complex
approach with use of morphological, genetic and physiological studies is necessary.

Authors express their deep gratitude to I. V. Piletskaya (Schmalhausen Institute of Zoology, Kiev) for
her assistance in collecting materials and O. E. Zykov (Ukrainian Sanitary and Epidemiological Service,
Ministry of Health of Ukraine) for his kind assistance in mastering statistic software SPSS. 11 for Windows.
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