© Comparative Cytogenetics, 2008 . Vol. 2, No. 1, P. 57-65.

ISSN 1993-0771 (Print), ISSN 1993-078X (Online)

Chromosomal polymorphism of Chironomus plumosus
(Linnaeus, 1758) (Diptera: Chironomidae) from
Bulgaria (Pazardjik region) and the Czech Republic

(Ceske Budejovice region)

P. Michailova!, B. Krastanov?, J. Matena®

1.2 Institute of Zoology, Bulgarian Academy of Sciences, boulv. Tzar Osvoboditel 1,
Sofia 1000, Bulgaria, * Biology Centre of the Academy of Sciences of the Czech Re-
public, Institute of Hydrobiology, Na Sadkach 7, Ceské Budejovice, CZ 37005, Czech
Republic

E-mails: 'michailova@zoology.bas.bg, *krastanov(@zoology.bas.bg, *matena@hbu.cas.cz

Abstract. Chromosomal polymorphism of Chironomus plumosus (L.) from two
geographically isolated populations is studied. Both populations revealed clear
differences in their polymorphism. The Czech population is characterized by
a low level of chromosome polymorphism. The karyotype of C. plumosus in this
population differs from that of the Bulgarian population by the monomorphism of
arms B, D, E, F and G and a low level of hetero- and homozygous states in arms
A and C respectively. Nine sequences which range 9 genotypic combinations were
found in this population. The high frequency of genotypic combination pluCl1.1
would suggest it has selective value in this population. The studied Bulgarian
population revealed a high level of chromosome polymorphism. Thirteen band-
ing sequences and 16 genotypic combinations were observed in the region stud-
ied. In arms A, C, D alternative homozygous sequences and heterozygous between
them were detected. They are adapted to different environmental components.

Key words: Chironomus plumosus, Bulgaria, Czech Republic, chromosomal poly-
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INTRODUCTION

Natural populations maintain a great de-
gree of chromosomal polymorphism ex-
pressed by inversions, translocations and extra
chromosomes (White, 1978). Many evolution-
ary cytogenetists have emphasized the role of
chromosomal polymorphisms as cytogenetic
markers of population adaptation to differ-
ent environments and speciation processes
(King, 1993; Kaidanov, 1996; Kiknadze et al.,
2007). Paracentric inversion polymorphism
is remarkably common in many chironomid

species (Keyl, 1962; Martin, 1979; Butler et
al., 1999; Kiknadze et al., 2007; Petrova et al.,
2007). Such inversion polymorphism is com-
mon in chironomids owing to heterozygous
advantage (Lande, 1984; Dobzhansky, 1990).
Very often chromosome inversions have been
found to occur in almost all the chromosomes
of the chironomid karyotype. However, in
some chromosome arms their frequencies far
surpass those in others. This tendency is very
well seen in Chironomus plumosus (Linnaeus,
1758) — a widely distributed species in the Pa-
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Table 1. Localities and number of studied individuals of C. plumosus.

Time of Number
Country | Type of basins Localities of | fstudied
collecting .

specimens
A channel VI1.2002 35
Bulgaria formed by Pazardjik (Saraja)VI. V1.2003 15
spring water V12004 20

Czech Fishpond o

Republic “Qetlik” Ceske Budejovice 1989 25

laearctic and Nearctic. Its larvae can be found
in artificial and natural fresh waters, in stag-
nant and running waters of different depth and
contamination level.

Chromosomal polymorphism of this spe-
cies has been studied extensively in different
Palaearctic populations (Keyl, 1962; Pedersen,
1978; Michailova, Fisher, 1986; Michailova,
Petrova, 1991; Shobanov, 1994; Petrova et al.,
1996, 2007; Butler et al., 1999). Some authors
showed a high chromosome polymorphism in
C. plumosus collected from different habitats
(Krastanov, Michailova, 2008) as well as in
long term studies (Matena, 1991; Petrova et al.,
2007). In addition to inversion polymorphism
genomic polymorphism also appeared in Pa-
laearctic populations. It is associated with the
presence of additional B chromosomes (Keyl,
Hégele, 1971; Michailova, Mettinen, 2000).
Another interesting event has been described
in this species: considerable polymorphism in
the size of centromeric heterochromatin for
different populations (Kiknadze, Siirin, 1991;
Kiknadze et al., 1991; Michailova, Petrova,
1991; Hankeln et al., 1994).

In this paper the chromosomal polymor-
phism of C. plumosus from two geographically
isolated populations (Bulgaria and Czech Re-
public) is studied. The cytogenetic structure of
Bulgarian population has been observed over
three years.

MATERIAL AND METHODS

The material for these studies has been
collected from two geographically isolated re-
gions: in the Pazardjik regions (Bulgaria) and
the “Svetlik” fishponds at the periphery of the
town of Ceske Budejovice (Czech Republic).
The samples in Bulgaria were collected in a
channel formed from spring water, from the
muddy bottom at about 0.3-0.4 m. The sam-
ples from the Czech Republic were taken from
the muddy bottom at a depth of 0.4-0.7 m. The
locality here is classified as a eutrophic pond.
The sampling in Bulgaria was done during a
period of three years (2002-2004). The time
of collection and sample size are shown in
Table 1. A total of 95 IVth instar larvae were
analyzed cytogenetically. Acetic acid: alcohol
(1:3) fixed, 2% aceto-orcein stained squash
preparations of salivary gland chromosomes
were analyzed for specific band sequences of
all chromosomes.

Mapping of the chromosome arms was done
according to Bulter et al (1999). The banding
sequences were indicated by the symbol of the
species, the symbol of the chromosome arm,
and by number of the sequence (for instance:
pluAl; pluA2; and others). The homozygous
and heterozygous combinations of the banding
sequences were shown as pluA1.1; pluA2.2 or
as pluAl.2, pluA2.4 (Butler et al., 1999).
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Fig. 1. Polytene chromosomes of Chironomus plumosus L. from the Czech Republic. a - chromosome AB (pluA1.1
pluB1.1). b - chromosome CD (pluCl.1 pluD.1.1). ¢ - chromosome EF (pluE1.1 pluF1.1). d - chromosome G (pluG1.1).
BR - Balbiani ring; NOR — nucleolar organizer, arrow — the position of centromere region. Bar = 10 pm.

The frequency of heterozygous individuals
of different populations was compared by G
test (Sokal, Rohlf, 1995) using “Easy - Start”
program, version 2.3. For each population the
frequencies of band sequences as well as ge-
notypic combinations were calculated. Het-
erozygous frequencies within each population
were tested for agreement with the expectation
of Hardy-Weinberg equilibrium using y2 test.
A probability of P<0.05 was taken as signifi-
cant. The significance of Chi-square is tested
by Fischer test (Snedecor, Cochran, 1967).

REsuLTS

1. Cytogenetic characteristics

The karyotype of C. plumosus (2n=8)
consists of three long chromosomes (chromo-
somes AB and CD — metacentric, chromosome
EF — submetacentric) and one short (chromo-
some G — acrocentric) (Fig.1, a-d). It has three
Balbiani rings (BRs): one in chromosome arm
B and two in chromosome G. The nucleolar
organizer (NOR) is localized also in chromo-
some G (Fig.1, d). C. plumosus belongs to the
cytocomplex “thummi” with chromosome arm
combinations: AB CD EF G. The centromere
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Fig. 2. Frequency of heterozygous larvae in a channel of spring water (Bulgaria, Pazardjik), during three years.

regions of the chromosomes are expressed by
thin dark bands in the studied populations.

2. Chromosome polymorphism

Inversion polymorphism in arms A, B, C,
D and F was found in Bulgarian population.
Czech population is almost monomorphic. The
type and frequencies of band sequences and
chromosome inversions are given in Table 2
and Table 3 respectively. In Bulgarian popula-
tion the following genotypic combinations for
every arm were observed: 4 for arm A; 2 for
arm B; 3 for arm C; 3 for arm D; 2 for arm F;
and 1 for arms E and G. In Czech population
the genotypic combinations were: 2 for arms
Aand C; 1 forarms B, D, E, F and G. It is im-
portant to emphasize that the observed zygotic
frequencies in all chromosomes are in good
agreement with Hardy-Weinberg expectation
except in arm C of Czech Republic population
(Table 3).

Arm A. It had three sequences in the popu-

lations studied (Table 2). A considerable prev-
alence of the pluAl sequence was found in
the Czech population (Table 2, Fig.1, a). The
sequences pluA2 and pluA1l occurred almost
at the same frequency in the Bulgarian popula-
tion (Table 2). The sequence pluA3 was found
only as a heterozygote at a very low frequency
in the Bulgarian population (Table 3).

Arm B. This arm had two sequences (Ta-
ble 2). The pluB1 sequence predominated and
appeared in homo- and heterozygous states
(Table 3). The sequence pluB3 occurred at a
low frequency in the heterozygous state in the
Bulgarian population only (Table 3).

Arm C. There were two alternative se-
quences only: pluCl and pluC2 (Table 2)
which appeared in homo- and heterozygous
states (Table 3). The homozygous genotypic
combination pluCl.1 predominated in Ceske
Budejovice (Table 3). In the Bulgarian popu-
lation in three years studied the heterozygous
state pluC1.2 dominated.
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Table 2. Frequency of band sequences in the poly-
tene chromosomes of C. plumosus from water basins in
Bulgaria and Czech Republic

Band Bulgaria Czech‘
sequences Republic
2002 2003 2004 1989
pluAl 0.51 0.47 0.50 0.90
pluA2 0.47 0.50 0.50 0.10
pluA3 0.01 0.03 0 0
pluB1 0.99 1 1 1
pluB3 0.01 0 0 0
pluCl 0.66 0.63 0.47 0.96
pluC2 0.34 0.37 0.52 0.04
pluD1 0.29 0.70 0.40 1
pluD2 0.71 0.30 0.60 0
pluEl 1 1 1 1
pluF1 0.99 1 1 1
pluF2 0.01 0 0 0
pluG1 1 1 1 1

Arm D. Two sequences were detected in
this arm (Table 2). In the Czech population
only the genotypic combination pluD1.1 was
observed. In the Bulgarian population the
combinations pluD1.1, pluD1.2 and pluD2.2
were found. However, in the three years stud-
ied they appeared in different frequencies
without significant differences between them
(Table 3).

Arm E. This arm was found to be mono-
morphic, including only one sequence, plu E1
(Table 2 and Table 3).

Arm F. This had two sequences — plu F1
and plu F2. The dominant sequence was plu
F1 (Table 2) whereas the sequence plu F2 was
observed in the heterozygous state in the Bul-
garian population, in one year only (Table 3).

Arm G. This was monomorphic, with only
one sequence plu G1 (Table 2 and Table 3).

In all, 13 banding sequences and 16 ge-

61

notypic combinations were observed in the
Bulgarian population. The average number of
heterozygous inversions per larva was between
0.7 and 1.8. The frequency of heterokaryotypes
in the three studied years was between 68.8%
+ 8.2 and 95% + 4.9. The frequencies of het-
erozygotes in 2002 were significantly different
from those in 2003 (G = 9.05, df = 0.01) and
2004 (G=30.07,df=1,P<0.001) (Fig.2).

Nine band sequences were observed in the
Czech population which produced 9 genotypic
combinations. C. plumosus from this popula-
tion was less polymorphic: the frequency of
the heterokaryotypes was 20% =+ 8. The aver-
age number of heterozygous inversions per in-
dividual was 0.2.

DiscussioN

Study of chromosome variability of C.
plumosus from two geographically isolated
populations revealed clear differences in their
chromosome polymorphism. The very low
level of chromosome polymorphism observed
in the Czech population confirms the previous
data from another Southern Bohemia Czech
population (Matena, 1991) where the hetero-
zygous inversions were 0.44 per individual. In
the studied population it was even less, 0.2.
Rates of heterozygous inversions from lakes
in south Trans Ural region also appeared to
be lower (between 0.4 and 0.6) (Philinkova,
2007). Also, the level of chromosomal poly-
morphism is much lower in peripheral popu-
lations of C. plumosus (Petrova et al., 1996).
In the studied fishpond “Svetlik” the sequence
C1 dominated. The same sequence has been
established by Matena (1991) in a fish pond
in Southern Bohemia. (In the paper by Mat-
ena (1991) this sequence was indicated as C2.
However, according to the new chromosome
nomenclature it corresponds to the sequence
C1). The high frequency of this sequence may
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Table 3. Types and frequency of chromosome inversions of C. plumosus from natural water basins in Bulgaria
and Czech Republic. * Significantly deviate from Hardy-Wainberg equilibrium (P < 0.01).

Bulgaria Czech Republic
Inversion 2002 2003 2004 1989
sequences Number of Number of Number of Number of
specimens Frequency specimens Frequency specimens Frequency specimens Frequency
pluAl.l 7 0.20 2 0.13 7 0.35 20 0.800
pluAl.2 21 0.60 9 0.60 6 0.30 0.200
pluA2.2 6 0.17 3 0.20 7 0.35 0 0
pluAl.3 0.03 1 0.07 0 0 0 0
12 1.92 1.22 3.2 0.25
pluB1.1 34 0.97 15 1 20 1 25 1
pluB1.3 1 0.03 0 0 0 0 0
. 0.008 0 0 0
pluCl.1 15 0.43 5 0.33 4 0.20 24 0.960
pluCl1.2 16 0.46 9 0.60 11 0.55 0 0
pluC2.2 4 0.11 1 0.07 5 0.25 1 0.040
. 0.007 0.49 0.03 6.31*
pluD1.1 5 0.14 7 0.47 3 0.15 25 1
pluD1.2 10 0.29 7 0.47 10 0.50
pluD2.2 20 0.57 1 0.06 7 0.35
12 0.007 0.03 0.04 0
pluEl.1 35 1 15 1 20 1 25 1
. 0 0 0 0
pluF1.1 34 0.97 15 1 20 1 25 1
pluF1.2 1 0.03 0 0 0 0 0 0
. 0.008 0 0 0
pluGl.1 35 1 15 1 20 1 25 1
. 0 0 0 0

indicate its selective value in this population.
Pedersen (1978) also showed a high frequency
of another sequence (plu B2) in Lake Tystryp-
Bave (Denmark), which is characterized by
oxygen demand. Pedersen (1984, 1986) has
found the B12 heterozygote to be superior to
both homozygotes under conditions with an
oxygen deficit. In another fishpond in South
Bohemia without oxygen deficit at the bot-

tom, significantly fewer B12 heterozygotes
compared with HW equilibrium were consis-
tently found in subsequent generations over a
period of 7 years (Matena 1991). Moreover,
a gradual shift from the prevalence of B2 to
B1 sequences was observed during the study.
Even more, Petrova et al. (2007) called this
sequence “ecological” because it was shown
that the increase in frequency of the hetero-
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zygous inversions pluB1.2 depended on the
concentrations of water-dissolved oxygen. So,
the variability of the set and frequencies of
inversion sequences might be correlated with
hydrobiological parameters of water basins.

On the other hand, the studied Bulgarian
population of C. plumosus revealed a rather
high level of chromosomal polymorphism (the
average number of heterozygous inversions per
individual was between 0.7 and 1.8 in different
years studied). A high level of chromosomal
polymorphism was also detected in different
Bulgarian fish pools (the average number of
heterozygous inversions ranged for 1.2 to 1.5
(Krastanov, Michailova, 2008). These authors
established also a high average number of het-
erozygous inversions per larva in Polish fish
pools (1.13). In the studied years of the Bul-
garian population a polymorphic system was
found in arms A, C and D, manifested by the
alternative homozygous sequences and het-
erozygous between them. Such polymorphic
system has been observed in some Siberian
(Kiknadze et al., 1987; Butler et al., 1999),
German (Krieger-Wolf, Wiilker, 1971), as well
as in some Bulgarian populations (Krastanov,
Michailova, 2008). However, the sequences,
involved in polymorphic systems, have differ-
ent selective values and are adaptive to differ-
ent environmental components. So, these data
confirmed Michailova’s, Petrova’s (1991)
idea that the polymorphic system in C. plu-
mosus could be treated as an “adaptive popu-
lation strategy” depending on the fluctuation
of homo and heterokaryotypes. So, chromo-
somal polymorphism can be maintained by
various selective gradients in nature such as
climatic, seasonal, anoxia and several others
(Lande, 1984).

Also, in the studied Bulgarian popu-
lation some inversions were found at a low
frequency: pluA1.3, pluB1.3 and pluF1.2, de-
tected also in some Russian populations (But-
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ler et al., 1999; Golygina, Kiknadze, 2001;
Petrova et al., 2007). According to Ruiz, Was-
serman (1999) they can be considered as rare
inversions appearing at a low frequency. They
can persist for a long time in the populations
but do not increase in frequency or spread to
a large portion of the species range. Such re-
arrangements are often associated with expo-
sure to natural or anthropogenic contaminants
(Dobzhansky, 1970).

When we compared the band sequences
of the studied populations we detected some
common banding sequences (pluAl, pluBlI,
pluCl, pluEl, pluF1, and pluGl) which are
called by Gunderina et al. (1999) as Main
Common Palaearctic sequences. In spite of
that both studied populations are distinguished
by their cytogenetic variability. Bulgarian
population revealed a high level of chromo-
somal polymorphism, while Czech population
is almost monomorphous. The Czech popula-
tion is differed by its cytogenetic structure not
only from the Bulgarian population but also
from other European populations. In several
European populations it was established a
high level of chromosomal polymorphism: 22
banding sequences with 19 genotypic combi-
nations (Butler et al., 1999). However, also it
is important to underline that Gunderina et al.
(1999) reported a very low variability of cyto-
genetic structure in some Siberian populations.
So, these data confirmed the idea of Gunderina
et al. (1999) and Michailova et al. (2005) that
there isn’t any geographical gradient of cyto-
genetic variability. It is quite possible that the
observed chromosome variability has some
advantage in a specific ecological niche avail-
able to a population. The results obtained al-
low us to consider the chromosomal polymor-
phism as a genetic mechanism for adaptation
to changing environmental conditions.

Comp. Cytogenet., 2008. 2(1)

Comparative
Cytogenetics

®




64

ACKNOWLEDGEMENTS

The study was financially supported by
Bulgarian Ministry of Education and Science
(grant K B1601) and partly by the Institution-
al project of the Academy of Sciences of the
Czech Republic AV0Z 60170517. The authors
thank both reviewers of the manuscript.

REFERENCES

Butler M.G., Kiknadze L.I., Golygina V., Martin J., Is-
tomina A., Wiilker W., Subblette J., Subblette M.
1999. Cytogenetic differentiation between Palaearctic
and Nearctic populations of Chironomus plumosus L.
(Diptera, Chironomidae) // Genome. 42: 797-815.

Dobzhansky Th. 1970. Genetics of the evolutionary
process. New York. 505p.

Golygina V., Kiknadze I. 2001. Karyotype Character-
istic of Chironomus plumosus (Diptera, Chironomi-
dae) in Palaearctic // Tsitologiya. 43(5): 507-519. (In
Russian).

Gunderina L., Kiknadze 1., Golygina V. 1999. Intra-
specific differentiation of the cytogenetic structure in
natural populations of Chironomus plumosus L., the
central species in the group of sibling species (Chi-
ronomidae: Diptera) // Russian J. Genet. 35(2): 142-
150.

Hankeln T., Fillippova M., Kiknadze LI., Aimanova
K., Schmidt E. 1994. Centromeric heterochromatin
and satellite DNA in Chironomus plumosus species //
Genome. 37: 925-934.

Kaidanov L.Z. 1996. Genetics of Populations. Moskow.
320 p. (In Russian).

Keyl H. 1962. Chromosome evolution bei Chironomus
II. Chromosomenumbauten und phylogenetische
Beziehungen der Arten // Chromosoma. 13(4): 464-
514.

Keyl H., Hiigele K. 1971. B-chromosomen bei Chirono-
mus // Chromosoma. 35(4): 402-407.

Kiknadze LI., Istomina A., Golygina V., Rubtsov N.,
Karamisheva T. 2007. The structural peculiarities of
karyotypes in species Propilocerus akamusi sibling
group (Diptera: Chironomidae) // Comp. Cytogenet.
1(1): 33-43.

Kiknadze 1., Kerkis I., Fillippova M. 1987. Chromo-
somal polymorphism in natural Siberian populations
of Chironomus plumosus // Zool. Zh. 66(6): 877-882.
(In Russian).

®. Michailova, B. Krastanov, J. Matena

Kiknadze 1., Siirin M. 1991. Polymorphism of pericen-
tric heterochromatin in Chironomus plumosus L. // Tsi-
tologiya. 33(3):60-67. (In Russian).

Kiknadze LI., Siirin M., Filippova M., Gunderina L.,
Kalachikov S. 1991. The change of the pericentric het-
erochromatin mass is one of important ways of chirono-
mid evolution // Tsitologiya. 33(3): 90-98. (In Russian).

King M. 1993. Chromosome rearrangements as post-mat-
ing isolating mechanisms, (pp. 72-90) // Species Evo-
lution: The Role of Chromosome Change. Cambridge.
336p.

Krieger-Wolf E., Wiilker W. 1971. Chironomiden (Dip-
tera) aus der Umgebung von Freiburg (mit besonderer
Berticksichtigung der Gattung Chironomus // Beitr.
Natur Forsch. S.-W. Deutschland. 30(2): 133-145.

Krastanov B., Michailova P. 2008. Cytotaxonomic
Characteristic of Species of plumosus Group in Genus
Chironomus Meigen 1803 (Diptera, Chironomidae)
from Bulgaria and Poland // Acta Zool. Bulgarica (In
press).

Lande R. 1984. The expected fixation rate of chromo-
somal inversions // Evolution. 38:743-752.

Martin J. 1979. Chromosomes as tools in taxonomy
and phylogeny of Chironomidae (Diptera) // Entom.
Scand. Suppl. 10: 67-74.

Matena J. 1991. Chromosomal Polymorphism in Chi-
ronomus plumosus (L.) (Diptera: Chironomidae)
population from a fish pond in Southern Bohemia: a
long term study // Hereditas. 115:145-152.

Michailova P., Fisher J. 1986. Speciation within the
plumosus group of the genus Chironomus Meigen
(Diptera, Chironomidae) // Z. Zool. Syst. Evolu-
tionsforsch. 24: 207-222.

Michailova P., Mettinen A. 2000. Cytotaxonomical
variability of Chironomus plumosus L. and C. an-
thracinus Zell. (Diptera, Chironomidae) from in-
dustrial and municipal polluted areas of Finland //
Caryologia. 53(1): 69-81.

Michailova P., Petrova N. 1991. Chromosomal poly-
morphism in geographically isolated populations of
Chironomus plumosus L. (Chironomidae, Diptera).
/I Cytobios. 67: 161-175.

Michailova P., Warchalowska-Sliwa E. Krastanov
B., Kownacki A. 2005. Cytogenetic variability in
species of genus Chironomus (Diptera, Chironomi-
dae) from Poland // Caryologia. 58(4): 345-358.

Pedersen B.V. 1978. Comparison of the inversion poly-
morphism in three Danish populations of the midge

Chironomus plumosus L. (Diptera, Chironomidae)
/I Hereditas. 89: 151-162.

Comparative
Cytogenetics

®

Comp. Cytogenet., 2008. 2(1)



Chromosomal polymorphism of Chironomus plumosus

Pedersen B.V. 1984. The effect of anoxia on the surviv-
al of chromosomal variants in larvae of the midge
Chironomus plumosus L. (Diptera, Chironomidae)
/I Hereditas. 101: 75-77.

Pedersen B.V. 1986. On microgeographic differentia-
tion of chromosomal polymorphism in Chironomus
plumosus L. from Lake Tystrup-Bavelse, Denmark
(Diptera, Chironomidae) // Hereditas. 105: 209-
219.

Petrova N., Ilinskaya N., Kaidanov L. 1996. Adap-
tiveness of inversion polymorphism in Chironomus
plumosus (Diptera, Chironomidae): spatial distribu-
tion of inversions over species range // Genetika. 32
(12): 1629-1642. (In Russian).

Petrova N., Vinokurova N., Danilova M. 2007. Chro-
mosomal variation of populations of Chironpomus
plumosus Linnaeus (Diptera: Chironomidae) from
lakes of Kaliningrad, Russia // Comp. Cytogenet.
1(1): 51-54.

65

Philinkova T. 2007. The Chromosomal polymorphism
of Chironomus plumosus Linnaeus and Chirono-
mus entis Shobanov (Diptera:Chironomidae) of the
South Transural region // Comp. Cytogenet. 1(1):
55-58.

Ruiz A., Wasserman M. 1993. Evolutionary cytoge-
netics of the Drosophila buzzatii species complex //
Heredity. 70: 582-596.

Shobanov N. 1994. Karyotype characteristic of C.
plumosus (L.) (Diptera, Chironomidae). I. Stan-
dardization of the banding patterns of the polytene
chromosomes according to Maximova’s system. //
Tsitologiya. 36(1): 117-122. (In Russian).

Snedecor G., Cochran W. 1967. Statistical methods.
Ames, [owa. 593 p.

Sokal R.R., Rohlf F.G. 1995. Biometry. 887 p.

White M.J.D.1978. Chain process in chromosomal
speciation // Syst. Zool. 27: 285-298.

Received March 20, 2008.
Accepted by V.G. Kuznetosva, May 23, 2008.
Published June 30, 2008.

Comp. Cytogenet., 2008. 2(1)




