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INTRODUCTION

Long-term karyologic studies of chironomid species
within their area in various water bodies, including
those exposed to a strong anthropogenic impact,
showed that chironomids represent a useful model that
adequately reflects the environmental influence on the
hereditary apparatus of hydrobionts. In most natural
populations, a high level of chromosome polymor-
phism was found, which promoted species adaptation
to various environmental changes [1–11]. Karyotyping
and analysis of chromosome polymorphism of chirono-
mids from Lake Baikal have been initiated more than
20 years ago. The most studied populations of the
genus 

 

Chironomus 

 

group 

 

plumosus

 

 are abundant in the
littoral-sor zone [12, 13]. Conversely, the endemic
Baikal species inhabit the open Baikal area and large
bays. The population density of these species is typi-
cally low; they are unevenly distributed on the ground
and difficult to access because of great depth and com-
plex shape of the sea bottom. Thus, the material collec-
tion and obtaining representative samples become
problematic. Of interest is the fact that among all
groups of insects inhabiting Baikal, only chironomids
of the genus 

 

Sergentia 

 

Kieffer inhabit both the mini-
mum and greatest depths [14, 15]. During the 25-mil-
lion-year history of their evolution, these chironomids
have adapted to diverse conditions of the unique lake
and created a flock of endemic species [16, 17].

Among

 

 Sergentia, S. flavodentata

 

 occupies a special
place. This is the only eurybathic chironomid species
that inhabits Baikal at a depth from 13 to 1400 m [18].
In addition, the population density and biomass of this
species is the highest in the most unusual benthic com-

munities that were recently discovered in Baikal: in the
regions of hydrothermal venting in Frolikh Bay, in
those of the surface gas hydrate bedding, and on the
“cemetery of benthic animals” in the Cape Bol. Solon-
tsovyi [19–21]. 

Chromosomal polymorphism of Baikal 

 

Sergentia

 

 is
still poorly studied because, as mentioned above, large
samples of four-instar larvae suitable for karyologic
analysis are inaccessible. The populations of narrowly
adapted homosequential species 

 

S. rynocephala, S.
rara

 

, and 

 

S. affinis 

 

inhabiting Baikal littoral were chro-
mosome monomorphic. No chromosome rearrange-
ments were found in the deep-water species

 

S. assimilis.

 

 Conversely, nearly all studied populations
of the 

 

S. baicalensis

 

 larvae, frequently occurring in the
littoral, displayed chromosomal polymorphism; two
heterozygous inversions in chromosomes I and II were
the most frequent. Numerous heterozygotes were
recorded in a population of 

 

S. nebulosa

 

 at a depth of
30 m in Southern Baikal. In a sample containing 21 lar-
vae, 70% were heterozygous and one inversion per
individual was estimated. Only two types of inversion
sequences were found in chromosomes II and III. 

Three types of heterozygous inversions are identi-
fied by now in the karyotype of 

 

S. flavodentata

 

 from
various regions of Middle and Southern Baikal: para-
centric inversions in the regions 3–10 and 11–19 of chro-
mosomes I and III, respectively (in some samples, they
are recorded in 10–50% of larvae) and pericentric
inversions in the regions 10–14 of chromosome I that
were identified only in two cases. Although the content
of heterozygous individuals is difficult to determine in
separate populations because of the low sample size
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Abstract

 

—The subject of this study is chromosomal polymorphism of a population of Baikal endemic species

 

Sergentia flavodentata 

 

(Diptera, Chironomidae) from Frolikha Bay region of hydrothermal venting at a depth
of 420–430 m. In 35–67% of larvae, six heterozygous inversions were found to be preserved for 13 years (mate-
rials of 1991, 1994, 1996, 1999, 2003). The number of zygotic combinations reached 14; 0.5–0.7 inversions per
individual was observed. It is suggested that stable chromosomal polymorphism characteristic of this species
is nonrandom, being a mechanism of the population adaptation to the specific conditions of hydrothermal vent-
ing community based on bacterial biochemosynthesis.
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(10–12 larvae), in general, the low diversity of inver-
sion sequences testifies to the low level of chromo-
somal variation in 

 

S. flavodentata

 

 from the above
Baikal regions.

This study presents the results of karyologic analy-
sis of larvae from Frolikh Bay (Northern Baikal), which
is a region of increased hydrothermal venting caused by
a release of subaquatic hydrotherm [22]. In 1990, this
region was examined with man-operated submersible

 

Pisces

 

 at a depth of 420–430 m. As a result, a new, pre-
viously unknown unique benthic community was dis-
covered, the metabolism of which is based on biogenic
methane generation. The discovery of a community that
exists mostly at the expense of bacterial chemosynthe-
sis and is similar in structure and functional organiza-
tion to the oceanic siping-type communities was a strik-
ing scientific event [23]. Apart from an extremely high
number of other benthic invertebrates (sponges,
amphipoda, planaria, oligochaete) and fish (golomyan-
kas, sculpins), the large continuous areas were occu-
pied with 

 

S. flavodentata

 

 larvae, whose population den-
sity was as high as 20–30 specimen per square decime-
ter [24]. This population was extensively studied in
1991 through 2003 with regard to the state of its karyo-
logical composition. The life cycle of most 

 

S. flavoden-
tata

 

 larvae from this biotope is two years, whereas that
of the others reaches even three years [25]. Therefore,
about seven generations have elapsed from the begin-
ning of our studies to the present time.

MATERIALS AND METHODS

The four-instar larvae examined in this study were
collected in 1991 through 2003 in Frolikh Bay of Lake
Baikal in the hydrotherm underwater region at a depth
of 420–430 m. In 1991, the material was collected by
man-operated submersible 

 

Pisces

 

 during a joint
research expedition of the Institute of Oceanology and
the Limnologic Institute, Russian Academy of Sci-
ences. In 1994, 1999, and 2003, the material was col-
lected by an Ocean dredger and in 1996, by a clam-shell
dredger.

The procedure used to obtain the karyologic prepa-
rations of Baikal 

 

Sergentia

 

 as well as the principles of
chromosome mapping have been previously described
in detail [19]. The band sequence designation first gives
the species abbreviation (fla) followed by the chromo-
some arm and the sequence number. In zygotes, stan-
dard sequences and inverted sequences of large chro-
mosomes that contain only one inversion are desig-
nated 1 and 2, respectively; the inverted sequences of
the short G arm that displayed three homologous vari-
ants are denoted as 2 and 3. The following parameters
were studied to determine the dynamics of the inversion
polymorphism: the total number of heterozygous indi-
viduals in a population; the number of inversions per
individual; the frequency of band sequences in chromo-
some arms. The equilibrium of frequencies was
recorded using 

 

χ

 

2

 

 test [26].

RESULTS AND DISCUSSION

As noted above, the Baikal endemic chironomids of
the genus 

 

Sergentia

 

 display high banding homology in
all chromosome arms: three species were homosequen-
tial, of which one (

 

S. rara

 

) was chosen as a standard for
chromosome mapping [17, 19]. The karyotype of
homozygous 

 

S. flavodentata

 

 individuals from Frolikh
Bay, 2

 

n

 

 = 8, is shared by those from the other Baikal
regions (Fig. 1). The clear-cut chromosome banding
patterns were observed. The nucleolar organizers were
in chromosomes I and IV (regions 16 of arm B and
region 1 of arm G, respectively). Unlike the standard,

 

S. flavodentata

 

 has two homozygous inversions in arms
A and E (in regions 6–9 and 3–7, respectively).

Chromosomal polymorphism of the population
examined was different from that of other Baikal chi-
ronomid populations of the genera 

 

Sergentia

 

 and 

 

Chi-
ronomus,

 

 which have been so far studied in most detail.
The main distinguishing feature is a wide spectrum of
intrachromosomal rearrangements (Table 1). Unlike

 

S. nebulosa

 

 and 

 

S. flavodentata

 

 from the Middle and
Southern Baikal, which mostly contain two types of
inversion sequences, the population from hydrothermal
venting region contained six variants of chromosome
structural rearrangements. These are five heterozygous
paracentric inversions in five chromosome arms (band
sequences IA (9–6): flaA2, IB (16–24): flaB2, IIC (2–9):
flaC2, IID (16–23): flaD2, IIIF (11–19): flaF2) and het-
erozygosity for the centromere and nucleolar organizer
that are localized terminally and alongside on chromo-
some IVG (Fig. 2). In the latter case, two types of
homologs are observed: a homolog lacking nucleolus
but containing centromere (flaG2) and a homolog with
nucleolus but without centromere (flaG3). In addition,
no pairing between homologs sometimes up to the sev-
enth region occurred in heterozygotes carrying simulta-
neously two new sequences constituting a new geno-
typic combination flaG2.3. We suggest that a heterozy-
gous inversion is located in region 3, the boundaries of
which are not clearly defined so far.

Note that in the genus 

 

Chironomus

 

 populations
inhabiting Olkhon Island (

 

C. plumosus

 

) and the littoral-
sor zone of Baikal (

 

C. entis

 

 in Chivyrkuy Bay and Ran-
gatui Lake-Sor, 

 

C. agilis

 

 in Proval Bay, Posolsky and
Istoksy litters), the number of heterozygous inversions
was as low as two to four though these populations dif-
fered in the level of chromosomal polymorphism
(0.30–1.63 inversions per individual) [13]. Even in the
population from Proval Bay with the highest index of
inversions (1.63 per individual), which was the most
saturated with chromosome rearrangements and con-
tained only heterozygous larvae, the number of het-
erozygous inversion types was as low as four.

Chromosomal polymorphism of 

 

S. flavodentata

 

population from the hydrovent community is unique
because six out of seven sequences found in heterozy-
gous larvae (flaA2, flaB2, flaC2, flaD2, flaG2, flaG3)
were absent in other populations. Only one sequence,
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flaF2, was the most frequently recorded in other Baikal
regions during almost all years of observation, whereas
the rare flaD2 sequence was not recorded in 1994,
1996, and 1999, presumably because of the small sam-
ple size. In addition, the karyotype of the studied popu-
lation was saturated with inversion sequences. The
number of heterozygotes with inversions was as high as
35–67%, whereas in 

 

S. flavodentata

 

 from the Middle
and Southern Baikal, only 20 to 50% of the total num-

ber of larvae were heterozygous. As judged from the
largest samples (1991 and 2003), the level of chromo-
somal polymorphism remained unchanged and about a
half of the population, 44 and 49% of larvae, contained
chromosomal rearrangements. Similarly, the number of
inversions per individual ranged from 0.61 to 0.70 in all
years except 1996. At the same time, their relative con-
tent varied in the population as can be seen from the
percentages of certain genotypic combinations. Thus,
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Fig. 1. 

 

Karyotype of 

 

Sergentia

 

 

 

flavodentata

 

 from Frolikh Bay. IA, IB, IIC, IID, IIIE, IIIF, and IVG, chromosome arms; N, nucleolar
organizer; BR, Balbiani ring; arrows indicate centromeres; the regions with homozygous inversions are set out in bold.

 

20

25

 

Table 1.  

 

Chromosomal polymorphism of 

 

S. flavodentata

 

 population

Genotypic combination
1991 (

 

N

 

 = 70) 1994 (

 

N

 

 = 20) 1996 (

 

N

 

 = 14) 1999 (

 

N

 

 = 12) 2003 (

 

N

 

 = 73)

 

n

 

%

 

n

 

%

 

n

 

%

 

n

 

%

 

n

 

%

flaA1.2 5 11.6 1 7.1 1 14.3 1 12.5 2 4.1

flaB1.2 5 11.6 2 14.3 1 14.3 3 37.5 17 34.7

flaC1.2 5 11.6 2 14.3 1 14.3 1 12.5 6 12.2

flaD1.2 2 4.7 – – – – – – 4 8.2

flaF1.2 19 44.2 5 35.7 3 42.9 2 25.0 17 34.7

flaG2.3 7 16.3 4 28.6 1 14.3 1 12.5 3 6.1

Total number of inversions 43 14 7 8 49

Number of heterozygotes
with inversions, %

44.3 35.0 35.7 66.7 49.3

Number of inversions per individual 0.61 0.70 0.50 0.67 0.67

 

Note:

 

N

 

, the number of examined larvae, 

 

n

 

, the number of heterozygous individuals with inversions.
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the number of heterozygotes with flaG2.3 sequences
decreased almost five times from 1994 to 2003; con-
versely, the number of flaB1.2 heterozygotes increased
three times in the recent years. The proportion of geno-
typic combinations flaC1.2 and flaF1.2 remained
almost unchanged, whereas the relative number of
flaA1.2 heterozygotes either increased or decreased
with time. Thus, although the frequencies of different
genotypes varied within a population, a certain level of
chromosomal polymorphism reached under the con-

crete conditions of the population existence was main-
tained. In the studied population, 14 variants of het-
erozygotes carried from one to four inversion
sequences (Table 2), among which heterzygotes with
one and two inversions were the most frequent, whereas
only one larva contained four inversions. In the large
samples of 1991 and 2003, about one-third of heterozy-
gous larvae (29 and 28%, respectively) carried a com-
bination of several inversions, which is presumably of
adaptive significance. Of interest is the fact that in the
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Fig. 2.

 

 Heterozygous inversions in 

 

Sergentia flavodentata 

 

from Frolikh Bay. 

 

1

 

, flaA1.2; 

 

2

 

, flaB1.2; 

 

3

 

, flaC1.2; 

 

4

 

, flaD1.2; 

 

5

 

, flaF1.2;

 

6

 

, flaG2.3. Symbols are the same as in Fig. 1. 
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smaller samples of 1994 and 1996, where the lower
number of heterozygotes (35 and 36%) was recorded,
the number of inversion combinations was even higher,
57 and 40%.

The combinations of inversion sequences identified
in heterozygous individuals are shown in Table 3. The
table shows that there was no definite trend in inversion
combinations in heterozygotes. The combinations of
inversion sequences were individual and apparently
random. Analysis of the band sequence frequencies

showed that throughout the observation period, the
Hardy–Weinberg equilibrium was maintained, and no
significant difference was found between the observed
and expected genotype frequencies (

 

P

 

 < 0.95, Table 4).
Thus, no significant increase in frequencies of the stan-
dard (

 

flaA1, flaF1, flaG1

 

) and inversion sequences
(

 

flaB2, flaC2, flaD2

 

) occurred with time, which sug-
gests no changes in the population genetic structure and
the ratio between frequencies of different sequences
remained stable in generations.

Thus, cytogenetic features of 

 

S. flavodentata

 

 from
Frolikh Bay suggest that the unique and stable chromo-
somal polymorphisms of this population as well as high
larval density are not accidental. These features pre-
sumably ensure successful population adaptation to
specific conditions of the community of organisms in
the region of underwater hydrothermal venting. Our
data support an earlier suggestion that the regions like
Frolikha Bay hydrovent were extremely important for
preserving unique fauna complexes in Baikal with its
long history (over 20 Myr) and unfavorable climatic
periods [27]. These hydroventing regions with the com-
munities only slightly depending on photosynthesis,
whose metabolism is based on methane biogenesis,
might serve as specific refugiums acting as sources of
species radiation under favorable climatic conditions.

Karyologic analysis shows that exactly 

 

S. flavoden-
tata

 

 has played an important role in the evolution of
Baikalian 

 

Sergentia

 

. In the hypothetic scheme of kary-
otype evolution, this species have a special place [17].
Having only two fixed inversions it is the nearest to the
narrow-adapted homosequential species 

 

S. rara, S. affi-
nis

 

, and 

 

S. rynocephala

 

 inhabiting the Baikal littoral.
The remaining species like those from the deep zones
(

 

S. nebulosa, S. assimilis

 

) and 

 

S. baicalensis

 

 widely
occurring in the littoral, preserved inversions that were
first found in 

 

S. flavodentata

 

 along with the species-
specific inversions. Hence, due to high genetic plastic-
ity of 

 

S. flavodentata

 

 and other physiological proper-

 

Table 2.  

 

Genotypic diversity in 

 

S. flavodentata

 

 population

Year of ex-
periment 

(sample size)

Number of inversion sequence (IS) variants and the number of heterozygotes with inversions

IS variants
variants

of heterozy-
gotes with IS

heterozygotes total number 
of heterozy-
gotes with IS

heterozygotes 
with IS combi-

nations*with 1 IS with 2 IS with 3 IS with 4 IS

1991 (70) 6 14 22 6 3 – 31 29.0

1994 (20) 5 6 3 2 1 1 7 57.1

1996 (14) 5 5 3 2 – – 5 40.0

1999 (12) 5 6 7 1 – – 8 12.5

2003 (73) 6 13 26 8 2 – 36 27.8

 

* From total number of heterozygotes.

 

Table 3.  

 

Combinations of zygotic inversion sequences in

 

S. flavodentata

 

 population in 1991 and 2003

Band
sequence

Inversion sequence

flaA2 flaB2 flaC2 flaD2 flaF2 flaG2, 
flaG3

flaA1 2/1

flaB1 3/11

flaC1 1/3

flaD1 2/0

flaF1 13/10

flaG1 1/0

flaA2 1/0 0/1 1/0

flaB2 0/1 1/3 0/1

flaC2 0/1 1/1

flaD2 0/1

flaF2 2/0

flaA2, flaC2 1/0

flaB2, flaF2 1/1

flaC2, flaF2 0/1 1/0

 

Note: The first figure, 1991; the second figure, 2003. 
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ties, it might be the species that has initiated 

 

Sergentia

 

speciation as well as their colonization of various
depths and biotopes of Baikal.
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