ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/261632687

Cytotaxonomical Diagnostics of Species from the Genus Cricotopus
(Chironomidae, Diptera)

Article in Caryologia -Firenze- - January 2014

DOI: 10.1080/00087114.1976.10796669

CITATIONS READS
4 127
1 author:

Paraskeva Michailova
s Bulgarian Academy of Sciences
161 PUBLICATIONS 1,455 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Comparative cytogenetics of Insecta View project

Project Antimony and Heavy Metals Accumulation in Some Macroinvertebrates in the Yesilirmak River (N Turkey) near the Sb-mining Area View project

All content following this page was uploaded by Paraskeva Michailova on 08 October 2014.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/261632687_Cytotaxonomical_Diagnostics_of_Species_from_the_Genus_Cricotopus_Chironomidae_Diptera?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/261632687_Cytotaxonomical_Diagnostics_of_Species_from_the_Genus_Cricotopus_Chironomidae_Diptera?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Comparative-cytogenetics-of-Insecta?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Antimony-and-Heavy-Metals-Accumulation-in-Some-Macroinvertebrates-in-the-Yesilirmak-River-N-Turkey-near-the-Sb-mining-Area?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paraskeva-Michailova?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paraskeva-Michailova?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Bulgarian_Academy_of_Sciences?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paraskeva-Michailova?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paraskeva-Michailova?enrichId=rgreq-2b26b358012b79f1901e95327490df2f-XXX&enrichSource=Y292ZXJQYWdlOzI2MTYzMjY4NztBUzoxNTAwMjEzNDExOTIxOTJAMTQxMjc3OTI4MzE3Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf

This article was downloaded by: [112.45.127.106]

On: 31 March 2014, At: 09:17

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Caryologia: International
Journal of Cytology,
Cytosystematics and
Cytogenetics

Publication details, including instructions for authors
and subscription information:
http://www.tandfonline.com/ loi/ tcar20

Cytotaxonomical Diagnostics
of Species from the Genus
Cricotopus (Chironomidae,
Diptera)

Paraskeva Michailova®

% Institute of Zoology, Bulgarian Academy of
Sciences, Sofia, Bulgaria
Published online: 30 Jan 2014.

To cite this article: Paraskeva Michailova (1976) Cytotaxonomical Diagnostics of
Soecies from the Genus Cricotopus (Chironomidae, Diptera), Caryologia: International
Journal of Cytology, Cytosystematics and Cytogenetics, 29:3, 291-306, DOI:

10.1080/ 00087114.1976.10796669

To link to this article: http://dx.doi.org/ 10.1080/ 00087114.1976.10796669

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any



http://www.tandfonline.com/loi/tcar20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00087114.1976.10796669
http://dx.doi.org/10.1080/00087114.1976.10796669

Downloaded by [112.45.127.106] at 09:17 31 March 2014

losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [112.45.127.106] at 09:17 31 March 2014

CYTOTAXONOMICAL DIAGNOSTICS OF SPECIES FROM
THE GENUS CRICOTOPUS (CHIRONOMIDAE, DIPTERA)

PARASKEVA MICHAILOVA
Institute of Zoology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Received: 215t October 1975
INTRODUCTION

The cytogenetical method proves to be particularly effective in the
differentiation of species of order Diptera. It is possible to separate pheno-
typically similar species of the Simulidae using the number of chromosomes,
the degree of conjugation, the particularities in the centromere region
and the structural characteristics of the chromosomes (SIMONENKO 1966;
SHERBAKOV 1966; GRrINCK and CHUBAREvVA 1974; PeTROVA 1972;
KAcHVORJAN and CHUBAREVA 1974). Some clarity has been reached in the
systematic position of the species of the Chironominae subfamily (NEsSTROVA
1967, 1969; KeyL and STRENzZKE 1956; KEvL 1957, 1959, 1960, 1961).
However in this respect the representatives of the Orthocladiinae subfamily
are still poorly studied, although the karyological method could help in
the differentiation of the species in this subfamily, which are hard to discern
morphologically from the outside. There are some karyological date only
about Cr. vitripennis (BEERMANN 1952). In this work the author reported
about diploid set of this species, about the form of the chromosomes
and about special feature of the chromosomes structure. By the species
Acr. lucidus is established, that the Puffs formation is different not only
during the ontogeny development, but in the different cells in one and
the same larvae stage (MECHELKE 1961). There is established a connection
between structure rearrangement and activity of the definite puff (MECHELKE
1960; PaniTz 1965).

We have concentrated on the Cr. gr. silvestris group, widely found in
the lakes of the Black Sea, taxonomically understudied, the karyological
characteristics of the species of this group being unknown at all. Larvae
of the group have been found in the lakes of Shabla, Dourankulak,
Beloslav, Varna and Mandra (TsveETkov 1955) but it has not been pointed
exactly which species of the group have been found, the reason being
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their external morphological similarity (small differences exist between the
pupa and imago).

The present paper attempts to verify the extent of external morpholc-
gical similarity as reflected in the karyology of the species and the possibility
to differentiate the species by applying the cytogenetical method as well
as to throw some light on the philogenetic relationship between the two
species. It is necessary to this end to draw cytological maps.

MATERIAL AND METHODS

The larvae material has been collected in the spring time of 1973, 1974
from the lakes of Dourankulak, Bourgas, Mandra and from a canal of the
Atanasov salt lakes. It has been collected from stones and vegetation. Inspite
of the different place of living no morphological differences have been observed
and according to the key of PANKRATOVA (1970) they are related to the silvestris
group. There exists a great similarity among adults hatched in laboratory condit-
ions, but applying the key of Hirvenoja (1973) it has been found that the
imago of larvae collected from stones is Cr. silvestris and that of larvae collected
from vegetation is Cr. ornatus.

The fixation and karyological processing of the larva is done after a method
described earlier (MicHAILOVA 1975.) As polytene chromosomes of both species
possesses a clearly expressed centromere region the definition of the form of
the chromosomes has been made by measuring each arm separately, the ratio
between the long and short arm has been calculated and the form has been
defined using the Tables of LEVAN et al. (1964). Karyologically Cr. ornatus
(24 33 and 87 @ @) and 135 Cr. silvestris (33 3 & and 102 Q@ ?) larvae
have been analysed.

RESULTS AND DISCUSSION

The karyological analysis of larvae defined after the key of PankraTOVA
(1970) has shown the existence of two forms — one with a diploid set
2n=4, the other with a diploid set of chromosomes 2#=6. Correlating
the external morphological examination to the cytogenetical analysis establis
hes that the form having a diploid set of chromosomes 2»=6 is Cr. ornatus
and the one with 2n=4 is Cr. silvestris.

I. Description of the chromosomes.

Cricotopus silvestris (FABRICIUS 1794).

The diploid set of chromosomes is 2#=4. «B» and heterochromo-
somes are not found. The first and the second pair of chromosomes are
submetacentric. The ratio of the arms for the first chromosome is 1,82,
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for the second - 2,95. There is authentic difference between the lengths
of the two chromosomes (Table 1). The karyological particularity of the
species is the uncomplete conjugation between the homologes accompanied
in some places by disparity of the bands and in some sections by presence
of homozygote inversion. These particularities in the karyology of the
species resemble the one established at some hybrid forms of species from
the genus Chironomus (GoLpscHMIDT 1942) and the Genus Anopheles
(KirzmIiLLER 1967), the uncomplete conjugation with the disparity of
the bands likewise has no exact position. These particularities prove the
hybrid origin of the species.

The above features make the composition of cytological maps difhcult.
The map was composed using species with well uncoiled chromosomes and
with a maximum homologity of the bands in both pairs of chromosomes
(Fig. 1).

First chromosome. It is provisionally divided into 27 sections. A
characteristic feature of the chromosome is that it bears three Balbian
rings and one nucleolus .In some species an accumulation of large hetero-
chromatic beads has been observed which is a result of vigorous winding
into a spiral of the chromosome. A similar phenomenon has been found
out with species Cnephia lapponica by PETROVA (1972) and with genus
Prosimulium by RaLcHEvVA (1974). Typical for the chromosome are hetero-
chromatic bands in sections 3/4, 4/5, 5/6, 13/14, 15/16 and 19/20.
Conjugation between the heterochromatic band in section 5/6 and the cen-
tromere region of the second chromosome can be observed. It is probable
that not only morphological but also genetic similarity exists between these
heterochromatic regions. After zone 6/7 has uncomplete conjugation
accompanied by disparity of the bands. The absence of conjugation is caused
by various extent of expressiveness of the bands and changes in their number
in one of the homologs. Similar phenomenon has been observed by KEyL
(1957) with Ch. thummi. There is uncomplete conjugation between section
7/8 and 8/9 due to homozygote inversion. The absence of conjugation in
zone 9/10 is not accompanied by disruption in the continuity of bands in
two homologs. From section 20/21 to the centromere region a disruption
of the conjugation is observed. It is accompanied by disparity of the bands.
Sometimes the homologs interlace each other. The centromere region appears
to be a well expressed dark band in the section 22/23. The third Balbian
ring follows up. The chromosome ends with three heterochromatic bands
(Fig. 1, Plate I, 1).

Second chromosome. It is provisionally subdivided into 17 sections
and has one Balbian ring. A characteristic feature of the chromosome is a
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Plate I, 1. I. — Salivary chromosomes of Cricotopus silvestris
Plate, I, 2. II. — Salivary chromosomes of Cricotopus silvestris.
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broadening between sections 1/2 and 2/3. An uncomplete conjugation is
observed between the sections 2/3 and 3/4. Markers of the chromosome
are the heterochromatic bands in the sections 3/4, 4/5, 5/6, 6/7, 8/9
and 9/10. The centromere region is situated in section 13/14. The hetero-
chromatic bands in section 16/17 mark the end of the chromosomes
(Fig. 1, Plate I, 2).

A special feature of the species is a great variability in the external
morphology of the larva. In a few cases the side teeth of the submentum
are very poorly developed, which is true also of the teeth of the mandibulae.
In some species the first and the second side teeth of the submentum are

TaABLE 2

Length of the chromosomes and correlation of theirs armes in Cricotopus ornatus.

L/R

I

IT

I

Chromosome # X=-m p d md td P L R
30 3597+ 5153 — — — — 2383+ 1214+
9,40 10,5 5,12

30 2907+ 8592 M:M:= 690 12,6 548 0001 1474+ 1433+
8.38 522 4,33
M:-M.= 1007 12,6 744 0001

30 1900= 51,21 M,-M.= 1697 137 1226 0001 1500+ 46,7+
9.34 5,78 3,90

1,96

1.02

Downloaded by [112.45.127.106] at 09:17 31 March 2014

emerged. These external morphological peculiarities correlate with varia-
bility with respect to the distribution of the unconjugated section in the
chromosomes.

Cricotopus ornatus (MEIGEN 1848).

The diploid set of chromosomes is 27 =6. « B » and heterochromosomes
have not been found. The first and the third pair of chromosomes are
submetacentric, the ratio between the arms for the first chromosomes is
1,96 and for the third - 3,21. The second chromosome is metacentric with
aim ratio - 1,02. Table 2 shows the values of the lengths of the chromosomes
and their arms.

First chromosome. Provisionally divided into 24 sections. The hetero-
chromatic bands in section 1/2, 5/6, 7/8, 11/12 and 18/19 are a diagnos-
tical feature of the chromosome. There is a narrowness between sections
12/13 and 13/14 - a feature which can immediately identify the chromo-
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some. The centromere region is situated in section 13/14. An uncomplete
conjugation together with some disparity of the bands is established only
in some place between section 13/14 and 15/16. There are two Balbian
rings in this chromosome. The chromosome ends with euchromatic bands

(Fig. 2, Plate II, 1).

Second chromosome. Subdivided provisionally into 19 sections. A
widening in section 5/6 is characteristic. The diagnostical feature of the
chromosome are the dark bands in the zone of 8/9, 11/12, 12/13, 13/14 and
the one in section 16/17 followed by a point-like band. The centromere
region is situated in section 10/11. The chromosome ends with a hetero-
chromatic band (Fig. 2, Plate II,2).

Third chromosome. Subdivided provisionally into 15 sections. A Balbian
ring situated on the right arm identifies the chromosome. Another Balbian
ring on the left arm in the section preceding 10/11 is also observed.
Heterochromatic bands in zones 2/3, 3/4, 5/6, 8/9 and 9/10 are used
as markers of the chromosome. The centromere region is in section 12/13.
The chromosome ends with several dark bands (Fig. 2, Plate III, 1).

The relation between the sexes is 3:1 in favour of the female or for
both species. For the first species x¥*=0,029 <x* (0,05,I); for the second
species x*=0,764 <x* (0,05,1).

Comparative karyological analysis.

A difference in the number of the chromosomes can be established
by comparison. The diploid set of chromosomes by Cr. silvestris is 2n=4
and it is 2#=6 by Cricotopus ornatus. The first Cr. silvestris chromosome
has three Balbian rings and a nucleolus, while the first Cr. ornatus chromo-
some has no nucleolus. The formula for the length of the chromosomes
is I > II for Cr. silvestris and 1 >1II >1III for Cr. ornatus. The latter
shows full conjugation among the homologs with the exception of the
first chromosome (section 13/14 - 15/16) the uncomplete conjugation in
Cr. silvestris is a common feature in most cases being accompanied by
disparity in the bands.

The two species show a certain similarity as well. The polytene
chromosomes of both species have a well shaped centromere region. The
chromosomes do not differ in degree of polyteny. The second Cr. silvestris
chromosome is very similar to the third Cr. ormatus chromosome by the
continuity of its bands — sections 1/2, 3/4 — 4/5 (inverted) 6/7, 7/8
before 13/14 and after 13/14 up to 16/17 of Cr. silvestris correspond to
the bands of Cr. ornatus in the section 1/2, 5/6 before 9/10, 10/11,
before 12/13 and from 13/14 up to 14/15. The continuity of the bands
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Plate II, 1. I. — Salivary chromosomes of Cricotopus ornatus
Plate II, 2. II. — Salivary chromosomes of Cricotopus ornatus.
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of Cr. silvestris in section 4/5 and after is identical with Cr. ormatus in
section I and after, the same is true for section 5/6 of Cr. silvestris and
section 2/3 of Cr. ornatus (Plate IV). Identical sections can be found
between the first chromosome of Cr. silvestris and the second chromosome
of the Cr. ornatus (Plate V). Section 25/26, 18/19 by Cr. silvestris cotres-
pond to section 17/18, 18/19 and 11/12 - 12/13 by Cr. ornatus respectively.

Both species are characterized by a high grade of chromosome poly-

R A

PR

Plate IIT, III. — Salivary chromosomes of Cricotopus ornatus.

&

w1

morphism, the one of Cr. silvestris being significantly higher. The percentage
of homokaryotypes is 2,96 for Cr. silvestris and 22,52 for Cr. ornatus.
The abetrations in Cr. silvestris in chromosome 1 and 2 are concentrated
in their right arms, in chromosome 3 in the left arm, while by Cr. ornatus
the aberrations of the chromosome 1 are in both arms, and of chromosome
2 are in the right arm (Fig. 3). The larvae of Cr. silvestris show a great
variability with reference to morphological symptoms.

Species of chromosomes with a comparative high polymorphism by
heterozigots are accepted as apomorphous and those without modifications
as plesiomorphous (CHETVERIKOV 1926; STEFFAN 1966). On the other
hand species with a smaller number of chromosomes are considered philo-
genetically younger (STEFFAN 1966).
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Plate IV. — Comparison of the II. Salivary chromosomes of Cr. silvestris with III.
Salivary chromosomes of C. ornatus. 1. Cricotopus ormatus. 2. Cricotopus silvestris.
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Plate V. — Comparison of the I. Salivary chromosomes of Cr. silvestris with II. Salivary
chromosomes of Cr. ormatus. 1. Cricotopus silvestris. 2. Cricotopus ornatus.
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On the basis of this and the data from the karyology and morphology
of Cr. silvestris we accept that it is more apomorphous, than Cr. ornatus.
But although the two species are morphologically very close a genetical
resemblance has also been noted (the great identity of Cr. silvestris
chromosome 2 and Cr. ornatus chromosome 3 is may be due to their belong-
ing to one group), we cannot suggest that Cr. silvestris has evolved from
Cr. ornatus, as the homology has been observed only in some section.
On the other hand the karyological analysis proves the hybrid origin of
Cr. silvestris. In order to make the philogeny completely clear it is
necessary to examine cytogenetically other species of this group.

CONCLUSIONS

The results of the present study can be summarised as follows:

1) The application of the cytogenetical method make possible to discern
as early as the larva stage two very close species: Cr. sivestris and Cr.
ornatus.

The larvae of the species Cr. silvestris found on the stones of the
Black Sea lakes have diploid set of chromosomes 27=4.

The larvae of the species Cr. ornatus found in the vegetation of the
Black Sea lakes have a diploid set of chromosome 27=6.

2) Information about the karyology of the species Cr. silvestris and
Cr. ornatus is given for the first time. The cytological maps have been
compiled for the first time.

3) The hybrid origin of Cr. silvestris is proved karyologically.

4) The smaller diploid set of chromosomes of Cr. silvestris, the high
grade of chromosome polymorphism, the great variability in the external
morphology of the larvae of the species show their philogenetical young age.

5) Both species show a statistical relation between the two sexes 3:1,
the female sex prevailing.

Acknowledgements. — 1 express my sincere thanks to Dr. Hirvenoja, for his kind
advice in the external morphological separation of the species.
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SUMMARY
The structure of the polytene chromosomes in the salivary gland of two hard for

distinguishing species Cricotopus silvestris Fabricius and Cricotopus ornatus Meigen was
studied. For the both salivary chromosomes mapes are worked out. Using the karyological
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analysis is established the hybrid origin of the species Cricotopus silvestris.

The comparative-karyologic analysis of the taxons showed some common features in
their karyotypes. There is some resemblance between II chromosomes of the species
Cr. silvestris and 111 chromosomes of the species Cr. ormatus and between I chromosomes
of Cr. silvestris and II chromosomes of Cr. ornatus. At the same time these species are
well distinguished karyologically according to the number of chromosomes (the species Cr.
silvestris has 2n=4, but the species Cr. ornatus has 2n=6) and the chromosomal polymorphism -
Cr silvestris is more polymorphic. These date indicate the philogenetic jouth of the species
Cr. silvestris.
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