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ABSTRACT. We studied modern morphological features of parthenogenetic and bisexual Artemia pop-
ulations from 10 different-type hypersaline lakes in the south of Western Siberia (Altai Krai). DNA bar-
coding of these populations revealed two Artemia species: Artemia parthenogenetica Barigozzi, 1974 and
A. tibetiana (Abatzopoulos et al., 1998). The studies were conducted monthly from July to September
2025. Principal component analysis indicated differences in the hydrochemical composition of brine
(water) of lakes inhabited by parthenogenetic and bisexual Artemia populations. Comparative analysis
of morphological features suggested that females of A. parthenogenetica and A. tibetiana significantly dif-
fered in mean values (14 of 16 traits). Cluster analysis of 12 plastic and 4 meristic characters of A. par-
thenogenetica females demonstrated splitting of its population into three groups with different structural
features of the furca: length (fl), number (sf), and length of setae (sl). The Spearman correlation index
establishes significant statistical correlations between the morphological features of A. parthenogenetica
and A. tibetiana and main environmental factors, i.e. salinity and water temperature.
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1. Introduction Widespread distribution of Artemia in isolated

habitats characterized by varying ecological conditions
led to the existence of numerous geographically sepa-
] rated and genetically distinct populations of a single
perate climate zones (Persoone and Sorgeloos, 1980). species (Triantaphyllidis et al., 1994). In particular, the
New habitats of this crus‘Facean are @scovered annu- presence of parthenogenetic Artemia populations with
ally. However, some pr.eV1ously described popul:.cltlo.n's diploid (2n), triploid (3n), tetraploid (4n) and penta-
of crustaceans have disappeared because of signifi- ploid (5n) sets of chromosomes resulted in significant
cantly increasing/decreasing water salinity (Vanhaecke genotypic and phenotypic diversity. Some of these
et al., 1987; .Trlan.taphylhdls et al., 1994; Van Stappen, characteristics (nutritional value of cysts and nauplii)
2002). Physiological adaptations of branchiopods to are subject to inter-seasonal and inter-annual variabil-
high salinity provide an effective ecological prot'ectlon ity. Other traits (cyst diameter, growth rate, and resis-
from predators due to much better osmoregulation, as tance to high temperatures) are relatively constant,
well as the ability to synthesize respiratory pigments indicating long-term adaptation to the specific living

under low oxygen concentrations in water and to pro- conditions of Artemia (Triantaphyllidis et al., 1994; Van
duce diapausing cysts under adverse environmental Stappen, 2002).

conditions (Vanhaecke et al., 1987; Van Stappen et al.,
2024).

Artemia populations are found in natural and arti-
ficial salt waterbodies of tropical, subtropical, and tem-

Currently, the genus Artemia Leach, 1819 includes
the following species distributed in Eurasia (Pilla and
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Beardmore, 1994; Beardmore et al., 1994; Browne and
Bowen, 1991; Sainz-Escudero et al., 2021): A. salina
(Linnaeus, 1758): Lymington, England (now extinct),
the Mediterranean (formerly A. tunisiana (Bowen and
Sterling, 1978); A. urmiana (Gunther, 1990): Iran (Lake
Urmia), the Crimea; A. sinica (Cai, 1989): central and
eastern China; A. tibetiana (Abatzopoulos et al., 1998):
Lake Lagkor Ko, Tibet, China; A. sorgeloosi (Asem et al.,
2023): Haiyan Lake, Tibet, China; and Artemia amati
(Asem et al., 2023): Kazakhstan. Numerous partheno-
genetic populations of Artemia found in Europe, Africa,
Asia, and Australia are usually grouped under the spe-
cies name A. parthenogenetica (Barigozzi, 1974; Bowen
and Sterling, 1978).

The aim of the work was to study the modern
morphological and genetic characteristics of parthe-
nogenetic and bisexual populations in different-type
hypersaline lakes in the south of Western Siberia.

2. Materials and methods

The study involved 1,021 Artemia specimens
from 10 different-type hypersaline lakes in the south
of Western Siberia (Fig. 1). Sampling for morphometric
analysis was conducted monthly from July to September
2025 according to the generally accepted methods and
recommendations (Manual..., 1992). Samples were col-
lected manually using a hydrobiological net. The mate-
rial was fixed in 4% formalin. Samples were processed
in a Petri dish under an MBS-10 binocular microscope
equipped with an ocular-micrometer. A total of 720

female adult crustaceans (561 specimens of A. parthe-
nogenetica and 159 specimens of A. tibetiana), including
301 males of A. tibetiana, were measured. During sam-
pling in the lakes with parthenogenetic Artemia popula-
tions, males were recorded only sporadically, which is
insufficient for statistical analysis.

Brine temperature was measured using a hydro-
logical thermometer in the surface layer (at a depth of
at least 0.2 m), and brine salinity-by an optical device,
a portable ATAGO refractometer (Kenco Instruments
Co., USA), in the surface layer (at a depth of at least
0.2 m). Water samples for hydrochemical analysis—
anions and cations (CO,*, HCO,, CI, SO *, Ca**, Mg?*,
and Na*+K*)-were collected by standard methods
(Manual..., 2009; 2012) from the surface water layer
(1.5 L in plastic containers). Hydrochemical samples
were processed in the Laboratory of Biogeochemistry
at Institute for Water and Environmental Problems,
Siberian Branch of the Russian Academy of Sciences
(IWEP SB RAS).

Based on the analysis of images from the
“Resurs-P No. 4” and “Resurs-P No. 5” satellites, the
water surface areas of the study hypersaline lakes were
estimated for the period from April to October 2025.
Images were taken in cloudless weather (cloud level
<10%). For analysis, we employed the open-source
Roscosmos Geoportal (URL: https://gptl.ru/), while,
for depth measurements, we used a hydrological sound-
ing. Some results of measurements and chemical analy-
sis are given in Table 1.
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Fig.1. Study lakes and distribution of parthenogenetic and bisexual populations of Artemia in the south of Western Siberia.
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Table 1. Main study characteristics of hypersaline lakes in the south of Western Siberia in 2025.

Lake Geographic Area (min-max), |Maximum depth (lim),| Salinity (min-max),
coordinates km 2 m g/L
Bolshoye Shklo 52°37’53” N 3.4-3.6 1.8-2.0 65.7-91.3

79°04’02” E

Bolshoye Yarovoye 52°5209” N 73.0-74.2 7.3-10.5 140.0-160.0
78°36’53” E

Krivaya Puchina 52°26’33” N 6.2-7.4 0.4-0.5 101.2-150.0
79°21’31” E

Kuchukskoye 52°4206” N 174.6-175.7 2.4-2.9 210.9-250.0
79°46’40” E

Malinovoye 51°42’10” N 9.3-11.1 1.5-1.7 160.0-188.2
79°44’49” E

Maloye Shklo 52°34’20” N 2.1-2.5 1.1-1.3 45.9-140.0
79°02’47” E

Maloye Yarovoye 53°02’39” N 36.4-37.1 4.0-4.9 150.0-180.0
79°07’37” E

Mormyshanskoye 52°30’39” N 5.9-7.9 0.9-1.2 150.0-220.0
81°16’25” E

Thanatar III 51°39'18” N 0.8-1.0 1.6-1.9 100.0-161.6
79°47’ 39” E

Shukyrtuz 52°2206” N 5.2-5.5 0.7 -0.9 177.6-220.0
79°24’54” E

For morphometric analysis, plastic characters
were measured in adult females and males of Artemia
(Fig. 2): tl-total body length, al-abdomen length, aw-
abdomen width, de-distance between eyes, ed—eye
diameter, la—first antenna length, hw-head width, cl-
cephalothorax length, fl-length of furcal branch, sl-
length of setae on furca; in males: ml-second antenna
length, mw-second antenna width, as well as meristic
characters: sf~-number of setae on furca, ratio of ceph-
alothorax to abdomen length (cl/al), ratio of abdomen
to body length (al/tl), and ratio of furca to abdomen
length (fl/al) (Vesnina and Vasilyeva, 2019).

Speciesidentification of Artemia was implemented
through DNA barcoding. The material for DNA identifi-
cation was fixed in 96% ethyl alcohol and analyzed at

the Department of Biotechnology of the South Siberian
Botanical Garden of Altai State University. Sequencing
of 30 samples was performed in two to four replicates
for each lake. Total DNA from the sample was isolated
using the Diamond DNA Plant kit (Altaibiotech LLC,
Russia) according to the manufacturer’s protocol. For
species identification in the samples, a fragment of the
mtDNA COI gene was amplified using polymerase chain
reaction (PCR) and primer pairs—forward LCO-1490
(GGTCAACAAATCATAAAGATATTGG) and reverse
HCO-2198 (TAAACTTCAGGGTGACCAAAAAATCA)
(Folmer et al., 1994). PCR was conducted in a 50 uL
reaction mixture with the commercial BioMaster
HS-TaqPCR-Color (2x) amplification kit (Biolabmix,
Russia) in the following composition per sample: 25 pL

|
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Fig.2. Scheme of morphometric measurements in Artemia females (A) and males (B). (Vesnina and Vasilyeva, 2019): tl-total
body length, al-abdomen length, aw-abdomen width, de-distance between eyes, ed—eye diameter, la-length of the first antenna,
hw-head width, cl-cephalothorax length, fl-length of furcal branch, sf~number of setae on furca, sl-length of setae on furca; ml-
length of the second antenna, mw-width of the second antenna.
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of ready-made PCR mixture (Biolabmix, Novosibirsk),
21 pL of ,;H,0, 1 uL of 10 uM of the corresponding
primers, 2 uL of DNA.

Amplification was carried out in a MyCycler ther-
mocycler (Bio-Rad, USA) using the following cycles: an
initial denaturation cycle at 94°C for 60 sec, followed
by 35 cycles at 94°C for 30 sec, primer annealing at
45°C for 90 sec, extension at 72°C for 60 sec, and final
extension at 72°C for 300 sec (Lobo et al., 2013).

Amplification products were separated on a 1.3%
agarose gel in a horizontal electrophoresis chamber in
TAE-buffer at 220 V using ethidium bromide, and their
visualization was performed under transmitted UV light
using the Gel Doc XR gel documentation system (Bio-
Rad, USA). To determine the length of amplified frag-
ments, we used DNA markers (Biolabmix, Novosibirsk).

MAXLIFE Magnet DNA magnetic particles (MBM-
Diagnostics, Russia) were used for purification of PCR-
products before sequencing with an ABI Prism 3130xl
automated sequencer in accordance with the manufac-
turer’s protocol. Final sequences were analyzed via the
MEGA 11 program (Tamura et al., 2021).

To visualize the similarity of the nucleotide
sequences of the mtDNA COI gene fragment in the
studied samples, we constructed a dendrogram with all
sequences of the species A. parthenogenetica and A. tibe-
tiana, which was published in the GenBank database,
NCBI (National Center for Biotechnology Information).
Duplicate haplogroups were removed from the dendro-
gram. Sequences of closely related species, A. urmiana,
served as an outgroup. Sequences were aligned by the
MUSCLE algorithm (Edgar, 2004) implemented in the
MEGA X program (Kumar et al., 2018). For selecting
the nucleotide substitution model and constructing the
dendrogram, the IQ-TREE web server with a bootstrap

parameter value of 10,000 was employed. The dendro-
gram construction strategy was Maximum Likelihood
(ML).

For statistical processing of the obtained data,
we applied MS Excel 2013 and PAST 4 (Hammer et
al., 2001) software packages, including such methods
as Kruskal-Wallis test (H), Spearman’s rank correlation
coefficient (r), cluster analysis, and linear approxima-
tion with the coefficient of determination (R?).

3. Results

3.1. Variability of morphometric traits
in females of A. parthenogenetica and
A. tibetiana in different lakes

In terms of water salinity, all studied lakes are
hypersaline water bodies. This indicator ranges from
45.9 (Maloye Shklo) to 210.9 g/L (Kuchukskoye). In
terms of predominant anions, they are classified ashydro-
carbonate (Tanatar III), sulfate (Mormishanskoye), and
chloride (Bolshoye Shklo, Bolshoye Yarovoye, Krivaya
Puchina, Kulundinskoye, Kuchukskoye, Malinovoye,
Maloye Shklo, Maloye Yarovoye, and Shukyrtuz)
(Nikonorov, 1989).

Waters in the study lakes of sulfate and chloride
types are neutral in terms of the hydrogen potential,
i.e. slightly alkaline (pH="7.5-8.8), and waters of the
bicarbonate type-alkaline (pH=9.8).

Water temperature in July fluctuated from 19.1
(Tanatar III) up to 27.0°C (Maloye Yarovoye); in August—
from 16.6 (Tanatar III) to 26.8°C (Kuchukskoye); and
in September—from 11.7 (Kuchukskoye) to 18.3°C
(Krivaya Puchina).

In 2025, DNA barcoding (Table 2) allowed
us to identify two species of Artemia in the stud-

Table 2. Results of DNA barcoding of Artemia spp. from lakes in the south of Western Siberia.

Lake GenBank No. NCBI % compliance % sequence overlap
A. parthenogenetica

Bolshoye Shklo MT791796.1 96.83-100 99
Bolshoye Yarovoye PV017298.1 99.70 94
MT791796.1 100 91
MT791710.1 99.85-100 100
Krivaya Puchina PV017298.1 99.70 100
MT791796.1 100 99
Kulundinskoye MT791796.1 100 99
MT791710.1 99.70 100
Kuchukskoye MT791796.1 99.85 99
Malinovoye MT791796.1 99.85-100 99
MT791710.1 99.85 100
Maloye Yarovoye MT791796.1 99.85 99
MT791710.1 99.70 100

Mormyshanskoye MT791796.1 99.55-100 91-99
Shukyrtuz MT791796.1 99.85-100 99

A. tibetiana

Maloye Shklo MT 791825.1 98.94-99.25 99-100

Thanatar III MT 791825.1 99.40-99.70 99
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ied hypersaline lakes in the south of Western Siberia
(Fig. 3): A. parthenogenetica (Bolshoye Shklo, Bolshoye
Yarovoye, Krivaya Puchina, Kuchukskoye, Malinovoye,
Maloye Yarovoye, Mormyshanskoye, and Shukyrtuz)
and A. tibetiana (Maloye Shklo, and Tanatar III). A. tibe-
tiana was previously determined as Artemia sp. (Vesnina
et al., 2025).

The dendrogram of samples’ similarity was con-
structed through the UPGMA method: unweighted pair
group method using arithmetic averages with a boot-
strap parameter value of 10,000 (Fig. 3). The dendro-
gram presents a combination of the studied samples
from lakes Bolshoye Shklo, Bolshoye Yarovoye, Krivaya
Puchina, Kulundinskoye, Kuchukskoye, Malinovoye,
Maloye Yarovoye, Mormyshanskoye, and Shukyrtuz
with A. parthenogenetica samples. Specimens from lakes

Maloye Shklo and Tanatar III are combined in a sepa-
rate clade with A. tibetiana.

Previous research suggests that A. tibetiana is a
polyphyletic group (Maccari et al., 2013; Eimanifar et
al., 2014; Asem et al., 2020). The studied populations
from lakes in the south of Western Siberia belong to the
western lineage (Pang et al., 2024). Sequences of the
bisexual species, A. sorgeloosi, form a clearly differenti-
ated clade, thereby confirming its species status (Asem
et al., 2023). Chinese A. sinica and American A. francis-
cana occupy a terminal position, also forming separate
clusters.

According to our data, A. parthenogenetica was
found in seven chloride lakes and in one sulfate lake,
while A. tibetiana was detected in one chloride lake and
one hydrocarbonate lake.
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Fig.3. Dendrogram of the studied Artemia spp. populations and genetically similar samples from NCBI based on the COI gene
fragment. Populations from lakes in the south of Western Siberia studied in 2025 are highlighted in red.
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In 2025, the most variable indicators of furcal
characters in A. parthenogenetica were identified in
Lake Kuchukskoye: furca length (f1)-40.94%, number
of setae on furcae (sf)-31.15%, and length of setae on
furcae (s)-34.24%.

The A. parthenogenetica crustaceans from Lake
Bolshoye Yarovoye have the highest average values
of morphometric parameters (7 out of 14 traits): total
body length (tl), cephalothorax length (cl), abdomen
width (aw), distance between eyes (de), eye diameter
(ed), length of the first antenna (la), and head width
(hw) (Table 3, Fig. 4). The lowest average values of
morphometric parameters (12 out of 14) were recorded
in lakes Bolshoye Shklo, Kuchukskoye, and Shukyrtuz:
total body length (tl), abdomen length (al), cephalotho-
rax length (cl), ratio of cephalothorax length to abdo-
men length (cl/al), ratio of abdomen length to body
length (al/tl), distance between eyes (de), length of the
first antenna (la), head width (hw), furcae length (fl),
number of setae on furcae (sf), length of setae on fur-
cae (sl), and ratio of furcae length to abdomen length
(fi/aD).

Crustaceans of Tanatar III demonstrate the high-
est average values of morphometric features in A. tibe-
tiana (12 out of 14 signs); the smallest—in crustaceans
of Lake Maloye Shklo: total body length (t]), cephalo-

thorax length (cl), abdomen length (al), abdomen width
(aw), distance between eyes (de), eye diameter (ed),
length of first antenna (la), head width (hw), furcae
length (fl), number of setae on furcae (sf), length of
setae on furcae (sl), and ratio of furcae length to abdo-
men length (fl/al).

3.2. Variability of morphometric features
in males of A. tibetiana in different lakes

The results of a comparison of plastic and mer-
istic characters of A. tibetiana mature males reveal
that the specimens from Lake Tanatar III are taller
than those from Lake Maloye Shklo in body length
(t: H=95.14, p<0.01), cephalothorax (cl: H=89.28,
p<0.01), length (al: H=56.28, p<0.01) and width
(aw: H=73.21, p<0.01) of abdomen, length of the sec-
ond antenna (ml: H=103.50, p<0.01), maximum (mw
(max): H=91.26, p<0.01) and minimum length of the
second antenna (mw (min): H=388.09, p<0.01), dis-
tance between eyes (de: H=95.85, p<0.01), eye diam-
eter (ed: H=92.91, p<0.01), length of the first antenna
(la: H=92.02, p<0.01), head width (hw: H=103.50,
p<0.01), length of furcae (i H=92.70, p<0.01),
length of setae on furcae (sl: H=52.77, p<0.01), num-
ber of setae on furcae (sf: H=66.08, p<0.01), and ratio

Table 3. Morphometric features of females of A. parthenogenetica and A. tibetiana in hypersaline lakes in the south of Western

Siberia.
Character A. parthenogenetica A. tibetiana
(Fig. 2) Max, M +SE Min, M +SE Max, M +SE Min, M +SE
tl, mm 11.51+0.17 8.27+0.10 10.01 £0.17 8.24+0.08
(Maloye Yarovoye) (Bolshoye Shklo) (Tanatar III) (Maloye Shklo)
al, mm 7.11+0.09 4.13+0.07 5.38+0.14 4.35+0.06
(Shukyrtuz) (Bolshoye Shklo) (Tanatar III) (Maloye Shklo)
cl, mm 4.95+0.08 3.84+0.04 4.38+0.06 3.68+0.04
(Bolshoye Yarovoye) (Mormishanskoye) (Tanatar III) (Maloye Shklo)
aw, mm 0.56 +0.01 0.37 +£0.00 0.47 £0.01 0.40x0.01
(Bolshoye Yarovoye) (Mormishanskoye) (Tanatar III) (Maloye Shklo)
cl/al 0.95+0.01 0.56+0.01 0.86+0.01 0.84+0.02
(Bolshoye Shklo) (Shukyrtuz) (Maloye Shklo) (Tanatar III)
al/tl 0.695+0.021 0.498 +£0.003 0.53+0.01 0.53+0.00
(Kuchukskoye) (Bolshoye Shklo) (Tanatar III) (Maloye Shklo)
de, mm 1.64+0.03 1.16+0.01 1.50+0.02 1.15+0.02
(Bolshoye Yarovoye) (Shukyrtuz) (Tanatar III) (Maloye Shklo)
ed, mm 0.30+0.01 0.23+0.00 0.29+0.00 0.22+0.00
(Bolshoye Yarovoye) (Mormishanskoye) (Tanatar III) (Maloye Shklo)
la, mm 1.05+0.03 0.71x0.01 1.05+£0.02 0.75%+0.02
(Bolshoye Yarovoye) (Shukyrtuz) (Tanatar III) (Maloye Shklo)
hw, mm 0.78+0.01 0.62+0.01 0.88+0.01 0.69+0.01
(Bolshoye Yarovoye) (Shukyrtuz) (Tanatar III) (Maloye Shklo)
[, mm 0.28 £0.01 0.05+=0.00 0.32+0.01 0.22+0.01
(Krivaya Puchina) (Kuchukskoye) (Thanatar III) (Maloye Shklo)
sf, pcs. 9.98 +0.43 0.48+0.06 10.26 +0.35 6.53+0.26
(Krivaya Puchina) (Kuchukskoye) (Tanatar III) (Maloye Shklo)
sl, mm 0.67 +£0.02 0.23+0.01 0.69+0.02 0.58+0.02
(Bolshoye Shklo) (Kuchukskoye) (Tanatar III) (Maloye Shklo)
flzal 0.070=0.002 0.008 =0.001 0.061 =0.002 0.052+0.001
(Bolshoye Shklo) (Kuchukskoye) (Tanatar III) (Maloye Shklo)
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Fig.4. Morphometric features of mature females of A. parthenogenetica (pink) and A. tibetiana (blue) in the study lakes
(2025): 1-Bolshoye Shklo, 2-Bolshoye Yarovoye, 3—-Krivaya Puchina, 4-Kuchukskoye, 5-Malinovoye, 6-Maloye Shklo, 7-Maloye
Yarovoye, 8-Mormyshanskoye, 9-Tanatar III, and 10-Shukyrtuz; Mean-average value; and SE-standard error.

of furca length to abdomen length (fi/al: H=128.50,
p<0.01). Based on 13 plastic and 2 meristic characters,
males of A. tibetiana from Lake Thanatar III have larger
body proportions compared to those from Lake Maloye
Shklo (Fig. 5).

The meristic character of A. tibetiana males from
Lake Maloye Shklo is higher than that for males from
Lake Tanatar III by the ratio of abdomen length to body
length (al/tl: H=4.31, p<0.05). The ratio of cepha-
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lothorax length to abdomen length (cl/al: H=0.93,
p>0.05) in males of A. tibetiana does not differ. Thus,
based on one meristic character, males of A. tibetiana
from Lake Maloye Shklo have a larger body size com-
pared to those from Lake Tanatar III. Equivalence of
meristic characters (ratio of cephalothorax length to
abdomen length (cl/al)) morphologically unites males
of bisexual species.
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Fig.5. Morphometric features of A. tibetiana mature males in the study lakes (2025): 1-Maloye Shklo; 2-Tanatar III; Mean—
average value; and SE-standard error.
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3.3. Comparative analysis of
morphological features of females
and males of A. parthenogenetica and
A. tibetiana

Comparative analysis of the variability of mor-
phometric features in different species of mature females
of A. parthenogenetica and A. tibetiana spp. enables us to
identify the features of individual body parts (Fig. 6).
Plastic and meristic characters of A. parthenogenetica

females are higher than of A. tibetiana ones in terms
of body length (tl: H=69.28, p<0.01), cephalothorax
(c H=21.22, p<0.01), length (al: H=86.79, p<0.01)
and width (aw: H=14.78, p<0.01) of abdomen, dis-
tance between eyes (de: H=13.28, p<0.01), eye diam-
eter (ed: H=11.35, p<0.05), and ratio of abdomen
length to body length (al/tl: H=79.75, p<0.01). Based
on six plastic and one meristic characters, females of
A. parthenogenetica have a larger body proportions than
females of A. tibetiana.
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Fig.6. Morphometric features of mature females and males of A. parhenogenetica and A. tibetiana in the study lakes (2025):
1-females of A. parthenogenetica; 2-females of A. tibetiana; 3—-males of A. tibetiana; Mean—-average value; and SE-standard error.
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However, plastic and meristic characters of
A. tibetiana females are higher than for A. parthenogenet-
ica females by furcae length (fl: H=113.80, p<0.01),
length of setae on furcae (sl: H=43.12, p<0.01), num-
ber of setae on furcae (sf: H=154.90, p<0.01), ratio
of cephalothorax to abdomen length (cl/al: H=58.20,
p<0.01), and ratio of furcae to abdomen length (fi/
al: H=158.80, p<0.01). In females, length of the first
antenna (laz: H=0.05, p>0.05) and head width (hw:
H=0.01, p>0.05) do not differ significantly. Thus,
based on two plastic and three meristic signs, females
of A. tibetiana have a larger body size than females of
A. parthenogenetica. Equivalence of plastic characters
(length of the first antenna (la) and head width (hw))
morphologically unites parthenogenetic and bisexual
species.

Comparison of plastic and meristic indices of
mature females and males of A. tibetiana indicates that
females of A. tibetiana have a larger body length than
males of A. tibetiana (tl: H=52.31, p<0.01), cephalo-
thorax (c H=31.31, p<0.01), length (al: H=69.36,
p<0.01) and width (aw: H=55.97, p<0.01) of abdo-
men, length of the first antenna (la: H=4.51, p<0.05),
head width (hw: H=6.95, p<0.01), and ratio of abdo-
men length to body length (al/tl: H=39.44, p<0.01).
According to six plastic characters and one meristic
character, females of A. tibetiana are distinguished by
larger body proportions than males of A. tibetiana.

At the same time, plastic and meristic charac-
ters of A. tibetiana males are greater than in A. tibe-
tiana females in terms of distance between eyes (de:
H=10.31, p<0.01), eye diameter (ed: H=93.32,
p<0.01), number of setae on furcae (sf: H=19.66,
p<0.01), ratio of cephalothorax length to abdomen
length (cl/al: H=36.47, p<0.01), and furca length
to abdomen length (fi/al: H=35.44, p<0.01). Furcae
length (flt H=0.74, p>0.05) and length of setae on
furcae (sl H=1.21, p>0.05) of A. tibetiana males and
females do not differ. Based on two plastic and three
meristic characters, A. tibetiana males have a larger

body size than A. tibetiana females. Equivalence of plas-
tic characters (furca length (fl) and furca setae length
(sD) morphologically unites females and males of bisex-
ual species.

In our opinion, water salinity, varying from 45.9
(Lake Maloye Shklo) to 210.9 g/1 (Lake Kuchukskoye),
mainly affects the studied plastic and meristic charac-
ters of A. parthenogenetica and A. tibetiana. Changes in
water salinity affect body proportions.

4. Discussion

Obviously, studies of Artemia morphometric
traits must take into account such factors as brine salin-
ity and temperature. Based on the relationship between
plastic/meristic characters and the mentioned factors,
there are some general conclusions for populations of
the A. parthenogenetica crustaceans (at a significance
level of p<0.05) (Table 4):
when salinity increases, setae on the furca (sf)
reduce along with their length (sl) and the length
of the furca itself (f1);

abdomen length (al) and ratio of abdomen length
to body length (al/tl) proportionally increase with
salinity;

ratio of cephalothorax length to abdomen length
(cl/al), furca length to abdomen length (fi/al),
abdomen width (aw), length of the first antenna
(la), and head width (hw) negatively correlate with
salinity.

With the rise in brine temperature, cephalotho-
rax length (cl) and distance between eyes (de) in the
A. parthenogenetica populations reduce.

Owing to a small sample size because of the
detection of A. tibetiana populations only in two lakes,
we applied other methods for statistical analysis. Based
on the Kruskal-Wallis criterion (H), the compared data
on the average brine salinity in Lake Maloye Shklo

Table 4. Correlation analysis of plastic and meristic characters of A. parthenogenetica based on abiotic factors

Character r | R? | Dependency equation
Brine salinity, g/L

Abdomen length (al) 0.41 0.24 y=0.0094x + 4.3428

Abdomen width (aw) -0.67 0.35 y=-0.0008x + 0.5901

Length of the first antenna (la) -0.43 0.11 y=-0.0007x + 0.9885

Head width (hw) -0.53 0.22 y=-0.001x + 0.9262

Length of furrows (f1) -0.82 0.59 y=-0.0011x + 0.3492

Length of setae on furcae (sI) -0.59 0.30 y=-0.0018x + 0.7715

Number of setae on furcae (sf) -0.75 0.44 y=-0.0401x + 10.31

Ratio of cephalothorax length to abdomen length (cl/al) -0.70 0.46 y=-0.0013x + 0.9627

Ratio of abdomen length to body length (al/tl) 0.86 0.63 y=0.001x + 0.431
Ratio of furcae length to abdomen length (fi/al) -0.87 0.63 y=-0.0003x + 0.077
Brine temperature, °C

Cephalothorax length (cI) -0.42 0.18 y=-0.0435x + 5.1284

Distance between eyes (de) -0.39 0.15 y=-0.0156x + 1.7005

Note: r is the Spearman correlation coefficient, and R?is the approximation coefficient.
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(45.9 = 13.8 g/1) and Lake Tanatar III (161.6 = 48.5
g/1) demonstrate a reliable difference (p<0.05). Brine
temperatures in the study lakes (Lake Maloye Shklo:
21.4 + 1.4°C; Lake Tanatar III: 16.0 + 1.2°C) also dif-
fer significantly (p <0.05).
Thus, with an increase in brine salinity by 115.7
g/L and a decrease in its temperature by 5.4°C, the
morphometric characteristics of females and males of
A. tibetiana change:
+ body parameters of females and males increase:
body length (t), abdomen length (al), abdomen
width (aw), and cephalothorax length (c);

» size characteristics of the head in females and
males increase: distance between eyes (de), eye
diameter (ed), length of the first antenna (la), and
head width (hw);

« furca parameters in females and males increase:
furca length (fl), number of setae on furcae (sf),
and length of setae on furcae (sl);

+ ratio of abdomen length to body length (al/tl) in
males decreases;

- size of the second antenna in males increases:
length of the second antenna (ml), maximum and
minimum width of the second antenna (mw (max)
and mw (min)).

Cluster analysis of 12 plastic and 4 meristic char-
acters of A. parthenogenetica females, based on the aver-
age seasonal values, demonstrates that populations are
split into three groups with different brine salinity and
furcal indicators (Fig. 7).

A separate group is formed by the Artemia popu-
lation from lakes Bolshoye Shklo and Krivaya Puchina,
crustaceans of which are characterized by the highest
furcal indices in contrast to other water bodies (furcae
length (fl), number of setae on furcae (sf), and length
of setae on furcae (sl)) (see Fig. 4). The average salinity
of brine in the first group of lakes is 109.9 = 7.1 g/L.
The second group combines the Artemia populations
from lakes Kuchukskoye and Mormyshanskoye. The
length of setae on the furcae (sl) of crustaceans of this
group is the shortest in comparison with other lakes.
The average salinity of this group reaches 219.1 = 8.0
g/L. The third group involves the populations of lakes
Bolshoye Yarovoye, Maloye Yarovoye, Malinovoye,
and Shukyrtuz, crustaceans of which are characterized
by similar setae lengths on furcae (sl) and differ sig-
nificantly from those in other lake groups. The average
salinity of brine in this group is 170.2+2.8 g/L.

As shown above, we have studied the hypersaline
lakes (in the south of Western Siberia) characterized
by various abiotic factors affecting the vital activity
of aquatic organisms. Fluctuations in temperature and
salinity of lake brine influence the dynamics of quanti-
tative indicators and differences in morphometric traits
of Artemia, as shown in previous studies (Vesnina et
al., 2023; Vesnina and Bezmaternykh, 2023; Litvinenko
et al., 2024). Excessively high or low salinity of brine
is manifested as inhibition of growth, development,
and reproduction of Artemia (Vesnina et al., 2011).
When brine salinity alters, not only morphology but
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Fig.7. Dendrogram of similarity of morphometric param-
eters in A. parthenogenetica females of the studied populations
from hypersaline lakes in the south of Western Siberia (single
linkage method): 1-Bolshoye Shklo; 2-Bolshoye Yarovoye; 3—
Krivaya Puchina; 4-Kuchukskoye; 5-Malinovoye; 7-Maloye
Yarovoye; 8—-Mormyshanskoye; and 10-Shukyrtuz.

also reproductive characteristics and sex ratio change
(Vesnina et al., 2012; Syomik et al., 2024).

Artemia is distinguished by high ecological plas-
ticity: the species can change its size and shape depend-
ing on external factors, among which a salt concentra-
tion in water is essential (Nobile et al., 2020; Forneck et
al., 2021; Van Stappen et al., 2020; Thirunavukkarasu
et al., 2024). At the same time, the morphometric char-
acters of Artemia are studied worldwide for differen-
tiation and identification of species (Naganawa and
Mura, 2017; Asem et al., 2020; Sainz-Escudero et al.,
2021). Furthermore, the morphometric differences
between individuals or populations of the same species
may be due to genotypic variation (Thirunavukkarasu
et al., 2021). Our data fully confirm these findings. We
have revealed distinct changes in morphometric fea-
tures of both studied Artemia species across a gradient
of key environmental factors, as well as interspecific
and interpopulation differences that significantly com-
plicate taxonomic diagnosis based on morphological
features.

Similar patterns were stated in previous studies.
They demonstrated the differences in morphological
features in some populations found in different geo-
graphic areas, particularly in the coastal areas of India,
China, Europe, and Africa (Thirunavukkarasu et al.,
2022; Thirunavukkarasu et al., 2021; Ruebhart et al.,
2008). Scientists from India and Taiwan discovered six
morphotypes of Artemia based on their morphometric
characters (Maniatsi et al., 2009). Similar to our case,
differences in morphometric parameters were revealed
between females and males of Artemia from North
America and the Caribbean coast of Colombia (Van
Stappen et al., 2024). Obviously, our investigations
and previous studies of morphological and size-weight
characteristics of Artemia in different-type lakes in the
south of Western Siberia are not sufficient for reliable
differentiation of Artemia populations of various spe-
cies (Litvinenko et al., 2024; Vesnina et al., 2025).
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The analysis of plastic and meristic characters of
mature Artemia specimens from different-type hyper-
saline lakes in Altai Krai confirms that furcal indices
are the most variable characteristics in Artemia females
(Vesnina et al., 2025).

5. Conclusions

We studied modern morphological features of
parthenogenetic and bisexual populations of Artemia in
10 different hyperhaline lakes in the south of Western
Siberia. DNA barcoding allowed us to identify two
species of Artemia in the studied hyperhaline lakes of
Altai Krai: A. parthenogenetica and A. tibetiana. A. par-
thenogenetica was found in chloride (Bolshoye Shklo,
Bolshoye Yarovoye, Krivaya Puchina, Kuchukskoye,
Malinovoye, Maloye Yarovoye, and Shukyrtuz) and
sulfate (Mormishanskoye) lakes, while A. tibetiana—in
the chloride (Maloye Shklo) and hydrocarbonate lakes
(Tanatar III).

The comparative analysis of morphological fea-
tures demonstrated that females of A. parthenogenetica
and A. tibetiana have significant differences in the aver-
age values (14 out of 16 traits studied): body length,
abdomen length, ratio of abdomen length to body
length, abdomen width, distance between eyes, eye
diameter, cephalothorax length, ratio of cephalothorax
length to abdomen length, furcal branch length, num-
ber of setae on furca, length of setae on furca, and ratio
of furca length to abdomen length.

The analysis of 12 plastic and 4 meristic charac-
ters in A. parthenogenetica females revealed the split-
ting of its populations into three groups, which differ
in the furca structure: length, number of setae, and
setae length. The Spearman correlation index demon-
strated strong statistical relationships between the mor-
phological traits of A. parthenogenetica and A. tibetiana
and main environmental factors, i.e. brine salinity and
temperature.
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OpuruHanbHan craTbf

Mopdonornueckue u reue'ru_qecl(ue [ IMNOLOGY
ocobenHocTH paukoB Artemia FRESHTWATER
parthenogenetica u A. tibetiana BIOLOGY
(Crustacea, Anostraca) B pa3sHOTMNHBIX - —
runepranMHHbIX o3epax ora 3anapHoM

Cubupm

beamatepnsix JI.M.*", Becauna JI.B.", Jlacceiii M.B.”, Becuun 10.A.", Pa6osa K.K.

HHcmumym 800HbIX u 5KoJt0cudeckux npobstem Cubupckozo omoesieHuA Poccutickoii akademuu Hayk, ysi. MoodexcHas, 1,
BapHuaysn, 656038, Poccusa

AHHOTAIIHAA. M3yuyeHsl coBpeMeHHble MOP()OJI0ruyecKre XapakTepUuCTUKN MapTeHOreHEeTUYeCKNX U
ABYTOJIBIX MOMyANUN apreMuu B 10 pa3HOTUIIHBIX TMIIEpPraJMHHBIX O3epax fora 3amafgHoil Cubupu
(Anratickuii kpaii). JJHK-6apkoAUHT 3TUX MOIYJIALUN O3BOJIMJI BEIABUTH ABA BUJA apTeMuu: Artemia
parthenogenetica Barigozzi, 1974 u A. tibetiana (Abatzopoulos et al., 1998). HccyienoBaHus MPOBOUIN
exXeMeCcsYHO, C UioJiA 1o ceHTsAOps 2025 r. C moMoIpl0 MeTo/ja IJIaBHBIX KOMIIOHEHT IMOKa3aHbI pas-
JINYWA THAPOXMMUYECKOr0 cocTaBa pambl 03ep, B KOTOPHIX 0OMTAIOT MapTeHoreHeTUdeckue U ABYIO-
Jible MoNyJIAnuY apreMun. CpaBHUTEIbHBIN aHaIN3 MOPHOJIOTMYeCKUX IPU3HAKOB [T0KA3aJl, YTO CAMKU
A. parthenogenetica u A. tibetiana UMeIOT 3HaYUMBbIE OTJINYMSA CPEAHUX BEJIUYMH — 14 13 16 mMpHU3HAKOB.
KrnacrepHbii aHam3 12 miacTUYeCKuX U 4 MEPHUCTUYECKUX TPU3HAKOB caMOK A. parthenogenetica moka-
3aJI, YTO e€ MONyJIANMY pas3AesAlTCA Ha 3 IPYMNIbl, KOTOPhE pa3jnyalTcs 0COOEHHOCTAMU CTPOEHUA
dypxu: mymmHOH (fl), KOJTUYECTBOM IETUHOK (Sf), AJTMHOM MEeTHHOK (sl). MHaekc koppesisanuy CiupMeHa
BBISIBIJI 3HAUMMEBIE CTAaTHCTHUYECKHe 3aBUCUMOCTH MOpGdOoJIornieckux nNpu3HakoB A. parthenogenetica u
A. tibetiana OT OCHOBHBIX 9KOJIOTYECKHX (PaKTOPOB — MUHEPAJIU3ALUK 1 TEMIIEPATYPHI PArIbl.

Kriouegeie citoga: Anraiickuii Kpai, cojieHble 03epa, XabpOoHorre payky, MONyJiANUY, MopdoMeTpruJyecKre
[IpU3HaKU, MUHepau3anus, skojorudeckue pakropsl, JHK-6apkogunr

Jlia nutupoBaHusa: beamartepHsix [I.M., Becauna JI.B., JIacceiii M.B., BecauH 10.A., Pa6osa K.K. Mopdosiornueckue u reHeTrude-
cKkre 0co0eHHOCTU paukoB Artemia parthenogenetica u A. tibetiana (Crustacea, Anostraca) B pa3HOTHITHBIX THIIEPTaJINHHBIX 03epax
tora 3anaaHor Cubupu // Limnology and Freshwater Biology. 2026. - Ne 2. - C. 103-129. DOIL: 10.31951/2658-3518-2026-A-2-103

1. Beepenne 6os1ee 3(PhHEKTUBHON OCMOPETYJIAIHEN; CIOCOOHOCTHIO

CUHTE3UPOBATh [IbIXaTeJIbHble MUTMEHTHI P HU3KOM
coJiepXKaHUK KHUCJIOPOAa B parie; COoCOGHOCTHIO IPO-

CTBEHHBIX, TaK U B UCKYCCTBEHHBIX COJIEHBIX BOAOEMAaX M3BOJNTH [MANAY3UPYIOMIHe LHCTH MPH HEraTHBHBIX
TPONNYECKNX, CyOTPONIMYECKNX 1 YMEPEHHBIX KJINMaTH- ycioBuAx cpeasl obutanus (Vanhaecke et al., 1987;
yeckux 30H (Persoone and Sorgeloos, 1980). ExeromHo Van Stappen et al., 2024)

. .

BBIABJIAIOTCS HOBBIE MeCTa OOUTAHUA 3TOTO pavka. [Ipu
3TOM HEKOTOPhIE paHee OMMCAHHbIE TIOMYJIAIUN PAYKOB
VICYE3JIM M3-3a 3HAYUTEJIBHOTO TOBBIIIEHUS WJIN TIOHU-
xeHusA MuUHepanusanuu pansl (Vanhaecke et al., 1987;
Triantaphyllidis et al., 1994; Van Stappen, 2002).
®u3noJIorhuYecKrie afanTanun kabpoHOr0B K BEICOKOH
coJleHOoCTH obecrnieunBaiOT 3GPEKTUBHYI0 5KOJIOrHYe-
CKYIO 3alUTY OT XUIIIHUKOB, MMOCKOJIBKY OHU O0JIaAaoT

[MomynAnuu apreMuu oOHapyXeHbl Kak B ecTe-

[ITupokoe pacnpocTpaHeHWe apTeMUHU B H30-
JINPOBAaHHBIX MECTOOOUTAHUAKX, XaPaKTePU3YIOUIUXCSA
PAa3JIMYHBIMY SKOJIOTUYECKUMHU YCJIOBUSMU, IPUBEJIO
K CYIIeCTBOBAaHUIO MHOTOYHUCJIEHHBIX reorpaduyecKu
pa3fesieHHBIX U TeHEeTUYeCKU Pa3JINYalomINXCs IOIy-
st omHoro Buja (Triantaphyllidis et al., 1994). B
YaCTHOCTH, Ha/INYMe MapTeHOTeHEeTUYECKUX IOMmyJii-
UM apTeMUU C OU-, TPU-, TeTpa- U MEHTAIJIONNEN

*ABTOp [U1A nepenucky. Anpec e-mail: bezmater@iwep.ru (.M. Be3amaTepHBbIX)
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MPUBEJIO K OOJIBIIOMY T€HOTUITHYECKOMY U (HEHOTUIIH-
YeckoMy pasHooOpasuio. HekoTopsle U3 3TUX XapakTe-
pucTuk (nuiieBas I[eHHOCTh LIUCT U HAYILINI) noABep-
J)K€HBl MEXCE30HHOM M MeXIOJOBOM H3MEHYHBOCTH.
Jpyrue npusHakud (AuaMeTp IMCT, CKOPOCTh POCTa,
YCTOMYHUBOCTH K BBICOKOI TeMIepaTtype) OTHOCUTEJIbHO
MMOCTOSTHHBI U SIBJIAIOTCA TPOSBJIEHUEM J[OJITOBPEMEH-
HOI aJjanTanyy K O0COOBIM YCJIOBUSAM OOUTAHUA apTe-
muu (Triantaphyllidis et al., 1994; Van Stappen, 2002).

B Hacrosmee Bpemsa pojn Artemia Leach, 1819
BKJTIOYAET CJIEAYIOIME BUBI, PaCIpOCTPAHEHHHBIE B
EBpasuu (Pilla and Beardmore, 1994; Beardmore et al.,
1994; Browne and Bowen, 1991; Sainz-Escudero et al.,
2021): A. salina (Linnaeus, 1758): JINMUHITOH, AHIJIASA
(upiHe BBIMepminii), CpenuzeMHOMOpPbe (B MPOILIOM
HasbBaJsiach A. tunisiana (Bowen and Sterling, 1978);
A. urmiana (Gunther, 1990): Hpan (o3epo Ypmus),
Kpeim; A. sinica (Cai, 1989): 1ieHTpaJibHBII U BOCTOY-
Hblil Kuraii; A. tibetiana (Abatzopoulos et al., 1998):
o3epo Jlarkop Ko, TubGet, Kuraii; A. sorgeloosi (Asem et
al., 2023): o3epo Xaiisan, Tuber, Kuraii; Artemia amati
(Asem et al., 2023): KazaxcTaH. MHOTOYMCJIEHHbIE MTAp-
TeHOreHeTHYecKre TMOMyJIAUA apTeEMUM, BCTpevalo-
muecsa B EBporne, Appuke, A3un 1 ABcTpasny, 0OBIYHO
o0beIUHAITCA O Ha3BaHUeM Bua A. parthenogenetica
(Barigozzi, 1974; Bowen and Sterling, 1978).

Llenpio paboTH OBUIO M3yYeHHE COBPEMEHHBIX
MOP(OJIOTUYECKUX ¥ TEHETUYECKUX XapAKTEPHUCTUK

[IapTeHOreHeTUYeCKUX U JIBYIOJIBIX MOMyJIALUKI B pas-
HOTUIHBIX TUMEprajJuHHBIX o3epax lora 3amnagHou
Cubupu.

2. MaTtepuanbl U MEeTOADI

Ob6bekTOM wucciiefoBaHua mnociayxuin 1021
9K3eMIULAp kabpoHororo pauka Artemia ¢ 10 pa3Ho-
TUMHBIX FUIIeprajvHHBIX 03ep lora 3anagHoi Cubupu
(Puc. 1). OT6op npobd Ha MoppoMeTpHUUYECKUIl aHAIN3
pauka apTeMuu IIPOBOJWIN €XeMeCAYHO B IepuoA C
110J151 o ceHTAOpDb 2025 1. o O0IIEeNnpPUHATHIM MEeTOIU-
KaMm U pekoMeHanuaM (PykoBocTBo..., 1992). [Ipo6st
0TOUpasy BpyYHyIO C IOMOIIbI0 THAPOONOI0rNYeCcKOro
cauka. Marepuan ¢ukcupoBanu 4%-HeIM ¢GopManu-
HoM. [TpoGs1 obpabaTeiBasiu B yaiike [leTpu non 6mHO-
KyJsipoM MBC-10, o60opyi0BaHHEIM OKYJIIp-MUKpOMe-
TpoM. Bcero 6vu10 mpomMepeHo 720 camMOK B3pOCJIOTO
pauka, B ToM uncye 561 sk3emmuisap A. parthenogenetica
u 159 sk3emmuiApoB A. tibetiana, a taxxke 301 camers
A. tibetiana. TTpu oT6ope npob B 03epax ¢ mapTeHOTreHe-
TUYECKUMH MOMYJIANMAMY apTeMUM caMIlbl PerucTpu-
poBaJjiach € AMHUYHO, YTO HEJOCTATOYHO AJIA CTaTUCTH-
94ecKOro aHajusa.

Temneparypa panbel u3Mepsjach C IIOMOIIBIO
TUJPOJIOTUYECKOr0 TepMOMeTpa B IOBEPXHOCTHOM
cisioe (Ha riiy6uHe He MeHee (0,2 M); MUHepaIU3aUUA
pamsbl — ¢ IOMOIIBI0 OIITUYECKOro Ipubopa — NopTaTuB-
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Horo pedppaktoMmerpa ATAGO (Kenco Instruments Co.,
USA) B noBepxXHOCTHOM cJioe (Ha rjiyOMHe He MeHee
0,2 m). ITpoGul BoAB! AJIA THAPOXUMUYECKOTr0 aHaIu3a
- aHuoHOB U kaTtuoHos (CO,*, HCO,, CI, SO,*, Ca**,
Mg2?*, Na*+K7'), orOupasu CcTaHAApPTHBIMHU METO-
namu (PykoBogctBo..., 2009; 2012) u3 npumnoBepx-
HOCTHOTO €J1051 BoAH (110 1,5 j1 B IJIaCTUKOBYIO Tapy).
KamepanpHasa o60paboTka THAPOXUMHUYECKUX MpoO
BeIoJTHeHa B JlabopaTopuu 6uoreoxumuu UBIII CO
PAH.

Ha ocHoBe aHanu3a KOCMOCHMMKOB, IOJIy4YeH-
HBIX ciyTHUKamMu «Pecypc-IT» No4 u «Pecype-IT» No5,
OLleHeHbl IUUTOI[aJX BOJHOM IIOBEPXHOCTU MCCIIeqy-
eMBbIX T'HMIeprajuHHBIX O03ep B IIepuoA C ampesd IO
OoKkTAOph 2025 r. Hcrnosib30BaHbBl CHUMKH, CAEJIaHHbIE
B Oe3o00s1auHyi0 norofy (ypoBeHb 00JIaUHOCTH MeHee
10%). AHanmu3 MPOBOAUJICA Yepe3 OTKPBITHII HCTOY-
Huk T'eomoptana Pockocmoca (URL: https://gptl.ru/).
H3mepeHue riyOMHBI HCCJIeAyeMbIX 03€p OCYyIeCTBJIA-
JIOCh € IMOMOIIBI0 FUApoJIorudeckoro Jjiota. Hekotopeie
pe3yJIbTaThl U3MepeHN U XUMHUYeCcKOro aHaIn3a Ipef-
crapjieHbl B Tabmure 1.

Jia MopdoMeTpuuecKoro aHaau3a y B3pOCJIBIX
CaMOK M CcaMIIOB payka apTeMUM H3Mepsd IJIacTH-
yeckue npusHaku (Puc. 2): tl — oburywo AIUHY Tena,
al — gyuHy abpoMeHa, aw — MUpUHY abaoMeHa, de —
paccrosHue MexAy riasamu, ed — auamerp riasa, la
— JUIMHY [1epBOH aHTEHHHI, hw — MUPUHY T'OJIOBEL, cl —
JUnHy nedasoTopakca, fl — qiumuHy @ypKasbHON BeTBU,
sl — nyuHy meTUHOK Ha QypKe; y camIioB: ml — JJIUHY
BTOpPOIl aHTEeHHBEl, MW — LIHUPHHY BTOPOM aHTEHHBHI, U
MepucTHYeCKHe NPU3HAKY: Sf — KOJIMYECTBO LETUHOK
Ha ¢Qypke, OTHOIIeHUe AJIMHEI ledajoTopakca K AJIMHe
abnomena (cl/al), oTHomleHue OJIUHBI abgoMeHa K
nnuHe tena (al/tl), oTHoeHue AIMHB GYPKU K JJIMHE
a6momena (fl/al) (Becuuna u BacusbeBa, 2019).

BupoBylo wugeHTHGUKALMIO payka apTeMuu
nposoawau ¢ nomoue JHK-6apkoauHra. MaTtepuan
s AHK-ugentudukanuu QukcupoBaiu 96%-HbeIM
STWJIOBHIM CIHUPTOM. AHanu3 npoBoAunu B Othdesie
6uorexHosioruii l0xHO-Cubupckoro 60TaHUYECKOTO
cafa AnTalickoro rocyapCTBEHHOIO YHHBepCHUTeTa.
J7iA Kaxaoro osepa CeKBeHHPOBAHUE BBINOJIHAIM B
JByX-4eThIpeX IIOBTOPHOCTAX, oOllee YHCJIO HCCIIe-
noBaHHBIX oOpasioB cocraBuio 30. ToransHyio JHK
U3 npoObl BBHOEJAIM C HCIOJIb30BaHMEM Habopa
Diamond DNA Plantkit (000 “Anraiibuorex”,
Poccus) no nporokosly (GuUpMBI-U3roToBUTENA. J[71d
BUAOBOM uAeHTUOUKAIUK 00pasloB aMILTUGULIN-
poBanu ¢parmeHT reHa COI MTAHK ¢ nomolgso
nosiiMepasHoil LenHoi peakuuu (IIIP) u wucnoss-
30BaHMeM map mnpaiiMepoB - npamoii LCO-1490
(GGTCAACAAATCATAAAGATATTGG) u obGpaTHBIHI
HCO-2198 (TAAACTTCAGGGTGACCAAAAAATCA)
(Folmer et al., 1994). IILIP npoBoauiu B 50 MKJI peak-
I[MOHHOM CcMecH C IpUMeHeHHeM KOMMep4YecKoro
Habopa A ammmmpukanuu buoMactep HS-TaqIILIP-
Color (2x) (Buosabmukc, Poccus) B cieqymoliem
cocTaBe Ha oiuH obpaszerl: 25 MkJ1 roToBoit PCR—-cMmecu
(OO0 “Buosabmukc”, HoBocubupck), 21 Mk ,H,0,
mo 1 Mk 10 MKM COOTBeTCTBYOIIUX MpaliMepoB, 2
mka JHK.

Avnnbukanuo OpoBOOWIN Ha amIuiMduka-
tope MyCycler (Bio-Rad, USA) mo cjefymolei mnpo-
rpaMMme: HauajibHas JeHatypauusa npu 94°C — 60 c; 35
I[UKJIOB C AeHaTypanueii npu 94°C — 30 ¢, oTXur npaii-
MepoB nipu 45°C — 90 ¢, anonranusa npu 72°C — 60 c;
dunanpHaA 3monranuA mpu 72°C — 300 ¢ (Lobo et al.,
2013).

[Ipoaykthl amnudukanuu pasaeisnu B 1.3%-
HOM arapo3HoM rejie B TOPH30HTaJIbHON 3JIeKTpO-
dopesnoii kamepe B TAE-Oydepe mpu 220V c npu-

Ta6smmna 1. OCHOBHbIE XapaKTepHCTHKY HCCJIeJOBAHHBIX TUIIePraJMHHBIX 03ep fora 3anagHoi Cubupu B 2025 T.

O3epo T'eorpadpuueckue ITnomaas MaxcumasibHas MuHepanuzanus
KOOPJUHATLI (min-max), km? riryouHa (lim), m (min-max), r/xa
Bosbmoe k10 52°37'53” N 3,4-3,6 1,8-2,0 65,7-91,3

79°04°02” E

Bonpmoe fAposoe 52°52’09” N 73,0-74,2 7,3-10,5 140,0-160,0
78°36’53” E

Kpusas [Tyuuna 52°26’33” N 6,2-7,4 0,4-0,5 101,2-150,0
79°21’31” E

Kydykckoe 52°42'06” N 174,6-175,7 2,4-2,9 210,9-250,0
79°46’40” E

MaynmmmHoBoe 51°42’10” N 9,3-11,1 1,5-1,7 160,0-188,2
79°44’49” E

Masnoe k0 52°34'20” N 2,1-2,5 1,1-1,3 45,9-140,0
79°02’47” E

Masoe Aposoe 53°02’39” N 36,4-37,1 4,0-4,9 150,0-180,0
79°07'37” E

MopMBIIIaHCKOe 52°30’39” N 5,9-7,9 0,9-1,2 150,0-220,0
81°16’25” E

Tanarap III 51°39'18” N 0,8-1,0 1,6-1,9 100,0-161,6
79°47’39” E

lykeipTy3 52°22’06” N 5,2-5,5 0,7-0,9 177,6-220,0
79°24'54” E
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Puc.2. Cxema mopdomeTpuieckux usMepenuil camok (A) u camros (B) pauka Artemia spp. (BecHuna u BacunbeBa, 2019):
tl - obmas gvHa Tena, al — nnHa abaoMeHa, aw — mUpuHa aboMeHa, de — pacCTOSHUE MeXy Ty1azaMu, ed — JUaMeTp rjiasa,
la — nyuHa MepBo aHTEHHBI, hw — HIMpPUHA T'OJIOBH, ¢l — JynHa edaioTopakca, fl — arHa GypKajbHOHM BETBY, Sf — KOJIUYECTBO
HIETUHOK Ha ypKe, sl — AyiMHA MEeTUHOK Ha Gypke; ml — [JIMHA BTOPOI aHTEHHBI, MW — IIUPUHA BTOPOU AaHTEHHHI.

MeHeHHeM OpomucTtoro aTuauA. Busyanusanuio
MIPOAYKTOB aMIIN(UKaAIY IPOBOAUIIN B IIPOXOJALIEM
VY®-u3nyyeHU € IOMOIIbI0 CHUCTEMBI IeJib-JOKyMeH-
tupoBaHusa Gel Doc XR (Bio-Rad, USA). [lyia ompe-
JejleHds [UIMHBL aMIUIMOUIMPOBAaHHBIX (parMeHTOB
ucnoss3zoaniu JJHK-mapkepsr (OOO «BuosabMukc»,
HoBocubupck).

Ouuctky I[IP-npogykTa mneped CeKBEHUPOBA-
HYeM IIPOBOAWIM C IIOMOIIbI0 MAarHUTHBIX YacCTHIL
MAXLIFE Magnet DNA (MBM-/lnarHoctuk, Poccus)
[0 IIPOTOKOJIy (UPMBI-U3rOTOBUTENA. [1A CeKBEeHU-
pOBaHMe MCIO0JIb30BAJIM aBTOMAaTHYeCKUl CeKBEeHaTOp
ABI Prism 3130x]. ITosydyeHHBIE TTOCJIEAOBATEIBHOCTU
a”HaIM3upoBaiu ¢ nomoup nporpamMmmel MEGA 11
(Tamura et al., 2021).

Ja  BU3yanu3alluM  CXOXeCTH HYKJIeOTUA-
HBIX TOcJiefjoBartesibHOCTell ¢parMeHTa reHa COI
MT/JHK n3yvaembix o0pasnoB Oblla IOCTpOeHa MAeH-
JporpamMMa, BKJIIOUAIOIas BCe II0CJIe[A0BaTeJIbHOCTU
BUAOB A. parthenogenetica u A. tibetiana, omyGJIMKOBaH-
Hble B 6asze gaHHbeIXx GenBank NCBI (National Center
for Biotechnology Information). IToBTOpsAMOUIMECA
rarIorpyninsl yaajsaau U3 JeHAporpaMMElL. B kauecTse
BHeIIIHel I'PYIIIBl UCIOJIb30BaJIM II0C/Ie0BaTeIbHOCTU
6JIM3KOPOJICTBEHHOr0 Bra A. urmiana. BelpaBHUBaHue
y4yacTKa IpoBOAWIU ¢ moMoibio aaropurma MUSCLE
(Edgar, 2004), peanu3oBanHoro B nmporpamMme MEGA X
(Kumar et al., 2018). [{ia moa6opa Momesid HYKJIEO-
TUAHBIX 3aMeH U IOCTPOeHUs JeHApOrpaMMEbl UCIIOJIb-
3oBasiu BeO-cepBep IQ-TREE co 3HaueHueMm napamMmerpa
oyrctpana 10000. CrpaTeruss moCcTpoeHUs OeHIpo-
rpammMbl — Maximum Likelihood (ML).

Cratuctuueckas oOpaboTka MNOJIyYEeHHBIX [daH-
HBIX IPOBOAMJIACH C IOMOIIBIO IAKETOB KOMIIbIOTEPHBIX
nporpamm MS Excel — 2013 u PAST - 4 (Hammer et al.,
2001). Hcnosp30BaHbl caeylomlie MeTObl: KpUTepuit
Kpackena-Yonnuca (H), ko3pduiieHT paHTOBOIl KOp-
pensanuu CrnupmeHa (r), KJacTepHbIM aHaIW3, JUHEN-
HasA annpokcuManua ¢ KodpoUIMeHTOM AeTepMUHa-
muu (R?).
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3. Pe3ynbTarthbl

3.1. UameHunBOCTL MOpdoMeTPUUEeCcKUX
npuU3HaKoB y camMmokK A. parthenogenetica n
A. tibetiana B pa3AnuHbIX 03epax

Bce usyueHHble o3epa II0 BeJIMUYUHE COJIEHOCTU
BOABl OTHOCWJIMCh K THUIleprajJuHHBIM. BesnumHa ux
cojieHOCTH KoJjiebamachk oT 45,9 (03. Masoe IIIkj0) go
210,9 /71 (03. Kyuykckoe). [To npeobJiafjaonMm aHu-
OHaM TUIleprajliHHble O3epa OTHOCWJINCH K 3 THUIIaM
(HukoHopos, 1989): ruapoxapboHarnsie (Tanarap
II), cynbdaTtHbie (MOpPMBIIAHCKOE) U XJIOPUIHBIE
(Bompmmoe IMkio, Bomemmoe flpoBoe, Kpusas Ilyuuna,
Kynynaunckoe, Kyuykckoe, ManuHoBoe, Manoe ko,
Masoe fIpoBoe, LIykeIpTy3).

Bopa uccieayemsix o3ep cyabhaTHOTO U XJIOpUI-
HOI'O THUIIOB IO BeJIMYMHE BOAOPOLHOrO IMOTeHUuasa
ObUIa HeUTpabHOU — ciabomenouHou (pH=7,5-8,8),
a rugpokapboHaTHOro Tumna — mejioyHou (pH=29,8).

TemnepaTrypa BOAB B HI0JIe H3MeHsIach OT
19,1 (03. Tanarap III) go 27,0°C (03. Masnoe fIpoBoe);
B aBrycre — ot 16,6 (03. Tanarap III) go 26,8°C (03.
Kyuykckoe); B cenTsa6pe — ot 11,7 (03. Kyuykckoe) no
18,3°C (03. Kpusas Ilyuuna).

B 2025 r. ucnosnb3oBanue JIHK-GapkomuHra
(Tabsmia 2) TO3BOJIMJIO OIpeNeUTh B U3YYEHHBIX
rumneprajvHHBIX o3epax lora 3amagHoil Cubupu ABa
Buaa apremuu (Puc. 3): A. parthenogenetica (Bosbiioe
[Ixno, Bonbmoe ApoBoe, Kpusas [lyunHa, Kyudykckoe,
MannHoBoe, Masnoe  fApoBoe, MOpMBIIIAHCKOE,
IykeipTy3) U A. tibetiana (Manoe ko, TanaTtap III).
A. tibetiana paHee HaMM OTpeesAiach KaK K Artemia
sp. (Vesnina et al., 2025).

Hengporpamma cxoncTtBa oOpasloB Oblia
noctpoeHa MetogoM UPGMA: HeB3BellleHHOH Iomap-
HOU TPYNIMPOBKU C ycpeqHeHweM (unweighted pair
group method using arithmetic averages) co 3Ha-
yeHueM Napamerpa Oyrtcrpana 10000 (Puc. 3). Ha
JeHAporpaMMe IIpocJiexuBaeTcsa oObequHeHHe u3y-
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Ta6suna 2. PesysnbsraTtsel JJHK-6apkonunra Artemia spp. 13 o3ep fora 3anajaHoii Cubupu.

O3epo No GenBank NCBI % cOOTBETCTBUA | % ImepeKphIBaHMA MOCJIe0BAaTEJIbHOCTEMH
A. parthenogenetica

Bosbiioe IIkii0 MT791796.1 96,83-100 99
Bosbiioe fIpoBoe PV017298.1 99,70 94
MT791796.1 100 91
MT791710.1 99,85-100 100
Kpusas [TyunHa PV017298.1 99,70 100
MT791796.1 100 99
KynysnuHckoe MT791796.1 100 99
MT791710.1 99,70 100
Kyuykckoe MT791796.1 99,85 99
MaJsuHoBoe MT791796.1 99,85-100 99
MT791710.1 99,85 100
Mautoe fAposoe MT791796.1 99,85 99
MT791710.1 99,70 100

MopMbIlIaHCKoe MT791796.1 99,55-100 91-99
IykeIpTY3 MT791796.1 99,85-100 99

A. tibetiana

Mautoe ITkJ10 MT791825.1 98,94-99,25 99-100

Tanarap III MT791825.1 99,40-99,70 99

yeHHBIX 00pa3noB u3 o3ep bospmoe IIkno, Bosbuioe
fAposoe, Kpusas Ilyunna, Kysaynaunckoe, Kyuykckoe,
MasuHoBoe, Masioe  fposBoe, MOpPMBIILIAHCKOE,
[MIykeipTy3 ¢ obpasuamu A. parthenogenetica. TIpoGei
n3 ozep Manoe [Ikno u Tanartap III oObeguHeHBH! B
OTAeJIbHOM KJi1ajze ¢ A. tibetiana.

Kak mnokasanu mnpeapAylyie HccJieOBaHNs,
A. tibetiana sBnsieTca MOIU(PUIIETUYECKON TPYIITON
(Maccari et al., 2013; Eimanifar et al., 2014; Asem et
al., 2020). M3y4eHHbIe TOMYJIAUN 03€ep I0ra 3anagHoHN
Cubupu npuHajiexar K 3anagHoii juHum (Pang et
al., 2024). TlocyienoBaTEIbHOCTH JBYIOJIOTO BHAA
A. sorgeloosi 06pa3yT ueTko aubdepeHIPOBaHHYIO
KJIa[y, YTO TIOATBEPXKIAET ero BUI0BOU cTaryc (Asem
et al., 2023). Kurafickas A. sinica 1 aMepuKaHCKas
A. franciscana 3aHUMAaT TEPMHHAJIBHOE TIOJIOXKEHHUE,
TakXxe o0pasys OT[JieJIbHbIe KjlaCTepHl.

[lo HamuM AaHHBIM A. parthenogenetica BbISB-
JleHa B ceMM O3epax XJIOpWJHOro Tula MHHepasu3a-
U1 U B OAHOM o3epe cyJibdaTHOro TUna, B TO Bpems
kKak A. tibetiana BcTpeueHa B OJTHOM XJIOPUAHOM U B
OAHOM ruapokapboHaTHOM O3epe.

B 2025 r. camble BapualOesibHBIE IOKa3aTesn
mo GypKajbHBIM MpU3HaKam A. parthenogenetica 6pLTU
BhIsABJIEHH B 03. Kyuykckoe: anuHa dypku (fl) — 40,94
%, KOJIMYeCTBO WIETHHOK Ha ¢ypkax (sf) — 31,15 %,
JUIMHA METUHOK Ha ¢ypkax (s)) — 34,24 %.

HauGonpmiymMy cpegHMMM 3HaueHUAMU MOp-
domeTpuueckux TmoKasaTeseir A. parthenogenetica
obsiajaloT pavyku u3 osepa bompmoe fAposoe — mo 7
npu3Hakam u3 14: obiedt qyuHe Tena (tl), navHe reda-
notopakca (cl), mupuHe a6aoMeHa (aw), pacCTOSHUIO
Mex 1y riasavu (de), muametpy riasa (ed), AuHe mep-
Boii aHTeHHH! (la), mupuHe roJioBbl (hw) (Tabauna 3,
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Puc. 4). Haumensuine cpefnue 3HaueHUsaA Mopdowme-
TpUUecKux nokazateseil (12 mpusHakoB u3 14) 3ape-
rucTpupoBaHsl B o3epax boasmoe ko, Kyuykckoe,
IykeipTy3 10 061l AnuHe Tena (tl), nuHe abmoMeHa
(aD, nmune medanoropakca (cl), OTHOIIEHUIO IJTUHBI
redamoTopakca k guHe abmomeHa (cl/al), oTHore-
HUIO JJIMHBL abjoMeHa K aymHe Tena (al/tl), paccTos-
HUIO MeXy Ty1azamu (de), AjvHe epBo aHTeHHH (la),
mupuHe rosoBel (hw), miuHe dypok (fl), KoJm4ecTBy
METUHOK Ha Pypkax (sf), IJIMHe METUHOK Ha Pypkax
(sD), oTHOIIEHHIO AyIMHBL PypKU K AyiuHe abaomena (fl/
al).

HaubonpmnMu cpefHUMU 3HaY€HUAMU MOpPPo-
MeTpHUYeCKUX mokasatesieil A. tibetiana (12 mpu3HaKoB
u3 14) obiaparnt pauku o3epa Tanatap III, HaMeHb-
MMy — padku o3epa Majoe [IIki10: obmasn aavHa Tesia
(tD), nuHa nedaniotopakca (cl), aauHa a6gomena (al),
mupuHa abgomeHa (aw), paccTosTHUE MeX[y IJa3amu
(de), nmameTp riasa (ed), nvHa nepBoi aHTeHHH (la),
mupuHa rojoBsl (hw), mmuHa ¢ypok (fI), KosmuecTBO
MEeTUHOK Ha dypkax (sf), AJMHa METUHOK Ha Pypkax
(sD), oTHOMIEeHMe AMHBL GYypKU K AjauHe abaoMena (fl/
al).

3.2. U3meHuUuBOCTb MOPPOMETPHUECKHUX
NpPpU3HaKoB y camuosg A. tibetiana B
Pa3AMYHbIX 03epax

Pe3ynbpTaThl CpaBHEHHUS IJIAaCTUYECKUX U Mepu-
CTUYEeCKUX T[IOKa3aTejiel  IOJIOBO3PEJIbIX  CaMIIOB
A. tibetiana moka3ajiu, 4To camiisl 03. TaHaTap III Bbiie
TaKOBBIX cammoB 03. Maoe Illkyio no miuHe tesa (t:
H=95,14, p<0,01), nedanoropakca (cl. H=89,28,



BbesmamepHbix [.M. u dp. / Limnology and Freshwater Biology 2026 (2): 103-129

— MopMeIlIaHCKoe
Bosbmoe ko
Bonbmoe SAposoe
Kpupas [Tyuuna
KyiyHunckoe

Kyuyxckoe
ManuHoBoC
Majoe Slposoe
MopMBIIIaHCKOE
LIyKBIpTY3

DQ426824
Bornsiroe SIpoBoe
Kynynansckoe
Marnoe Sposoe
LIykeipTy3
KF707826
- GUS91380
- DQ426826
55, KF707822
MT1791799
MT791803
3 — OM737941
OM737944
PP093139
PP093140
99-PP093141

59

63

A. parthenogenetica

63

KE707821

KC193655

PP158963

Manoe [llkno  —|

1 Taparap 111

GU591388

Manoe ko

Tanarap I11

GUS591385

GU591387

881 GU591389

T MT791821

~ OP262765

~ OP262761

~ PP093121

- OP262773

—— OP262780

- MZ189861

— MZ189877

MZ189870

MZ189858

DQ119651

PP093132
MT791835

— OM737919

MK682323

67-MT791836

MZ189804

PP093131

A. tibetiana

A. urmiana

PP093150
69| PP093151 ’ .
ﬁLFI;PPO%ISZ A. tibetiana
851 ppo9o3is3

OR857296 .
L ()RxsnaZI A. Sorgel()OSl

99|

94 KF662994 .
9 Lwwmosts | A. franciscana
LMVV363593
[—KF707885
99 I_—PP093075 A. sinica
0.02 73— PP093147
0

Puc.3. lenaporpaMMa U3y4eHHBIX MOMYyJIALUEN Artemia spp. U reHeTHYecKu cXoxux obpasuoB u3 NCBI Ha ocHoBe ¢par-
MeHTa reda COL. ITomyisanuu u3 usydeHHbIX B 2025 1. 03ep 1ora 3anagHoii Cubupu BeIeSIeHbl KPACHBIM.

namu 03. Majoe IIIkjio Ha ocHOBaHMU 13 mjacTuue-
CKUX U 2 MepucTrhuyeckux npusHakos (Puc. 5).
OmgHako, MepUCTUYECKHWH TMpPU3HAK CaMIIOB
A. tibetiana 03. Masioe IIIKJI0 BhIllle TAKOBBIX § CaMIIOB
n3 o3. Tanarap IIl mo oTHOmEHHNI0 OJIMHBL abgoMeHa

p<0,01), nnune (al: H=56,28, p<0,01) u mupuHe
(aw: H=73,21, p<0,01) abgomeHa, aJIMHE BTOPOU
a"ntenusl (ml: H=103,50, p<0,01), mMakcuMaIbHOM
(mw (max): H=91,26, p<0,01) u MuUHUMAaJILHOU AJTUHE
BTOpO# aHTeHHH (mw (min): H=288,09, p<0,01), pac-

CcTOSHUI0O Mexnay riazamu (de: H=95,85, p<0,01),
muameTrpy Tiasza (ed: H=92,91, p<0,01), anunHe
nepBoii aHTeHHH (la: H=92,02, p<0,01), mmupuHe
rojioBel (hw: H=103,50, p<0,01), mnmune dypox (fl:
H=92,70, p<0,01), nnuHe meTUHOK Ha ¢ypkax (sL
H=52,77, p<0,01), KoinuecTBy IeTUHOK Ha pypKax
(sf: H=66,08, p<0,01) u OTHOWmIEHUIO OJIUHBI GYPKU K
nnuHe a6nomena (fl/al: H=128,50, p<0,01). Takum
obpasom, camilel A. tibetiana o3. TanaTtap III umeloT
60J1ee KpyIIHbIe IPONOPIMH TeJIa II0 CPABHEHUIO C CaM-
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k giuHe Tena (al/tl: H=4,31, p<0,05). OTHOIIEHUE
JUHBL 1edasoTopakca kK pAjuHe abmomeHa (cl/al:
H=0,93, p>0,05) mexny camiamu A. tibetiana He
umMmesio otyinuus. Takum oGpaszom, camifsl A. tibetiana
03. Majsoe IlIki10 nMmewT Oojiee KpyINHBIE NPONOPIUAU
TeJla 10 cpaBHeHUIo ¢ camuamu o3. Tanarap III Ha ocHO-
BaHMU 1 MEPUCTUYECKOTO MpH3HaKa. PABHO3HAYHOCTh
MEPUCTUYECKOTO Tpu3Haka (OTHOIIeHue AJIMHH Ieda-
JloTopakca K JjuHe abmomeHa (cl/al)) o6benuHser
MOpP(}OJIOrUYECKH CaMI[OB JBYTOJIBIX BH/IOB.
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38 & " = 0.60 084 = = B
36 0.55 - 0.50, =
A g7 2 1 5108 4 68 937 1 305 460 9 g yeq 3085 450
PaccTtosHue mexay rnasamu (de), Mm [vnametp rnas (ed), Mm [OnuHa nepBoli aHTeHHbI (/a), MM
1.7 H 0.31 1.10
0.30
i B 1.05 B 8
0.29
g |1.00
1.5 3 B 8;223 B 0.95 g -
14 B 0.26 = = - B -
B B 0.25 B8 0.85 g B
13 =] 0.24 =] = 0.80
0.75 =]
12 0.23
= = 0.22 B8 = 0.70 -
W55 7 57086 4 698 235537 357085 469 0B g v 2T 57085 469
WupwHa ronossbl (hw), mm LnuHa dypok (), mm KonuuecTBo wetuHok Ha dypkax (sf), wr
1.00 0.35 12
0.95 8 0.30 e T E B B
0.90
B |o25
0.85 = - = 8
B8 0.20 =
0.80 = = . = _ 5
0.75 0.15f =
0.70} ) Gile 4 = = =
0.65 - 5 =
0.60 = S = -
090 —%—7 3 1 2105 4« 66 >0 % 72 1 51086 4 69 % 8§ 72 1 5105 4 6 9
Anuna wetntHok Ha dypxkax (s/), Mm OTHoLweH1e AnuHbl dYpoK K AnuHe abaomena (fl/al)
0.8 0.08
0.7 a = = 0.07 =
=]
0.6 - g-gg =] =
0.5 = Z
= B8 B 0.04 -
041 003 = _ —
0.3 0.02
0.2 = i 0.01 - -
— ean
O~ 72 7 5106 & 6 & 0O SE 00—+ T 5705 4 6 ¢

Puc.4. MopbomMeTprieckre MpU3HAKU MMOJIOBO3pEJIBIX caMok A. parthenogenetica (po3oBeiii 1BeT) u A. tibetiana (roJty6oii
LIBET) B MCCJIEJOBAHHBIX 03epaX, 2025 r.: 1 — Bosbmoe IIkio, 2 — Boseinoe fApoBoe, 3 — Kpusas IlyunHa, 4 — Kyuykckoe, 5 —
MasnuHoBoe, 6 — Masoe IIkio0, 7- Masoe ApoBoe, 8 — MopMeimanckoe, 9 — Tanarap III, 10 — [IIykeipTy3; Mean — cpefiHee 3Ha-
yeHnue; SE — craHgapTHasA omuoOKa.
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AnuvHa Tena (), mm

[nuHa abaomena (al), MM

Wupura abgomeHa (aw), Mm

9.0 4.5 0.44
8.8 4.4
8.6 E 4.3 E e EI
8.4 4.2 0.40
8.2 4.1
8.0 4.0 0.38
7.8 3.9
7.6 3.8 0.36
7.4 3.7 E 0.34
7.2 — 3.6 =
7.0 7 5 3.5 i 3 0.32 7 5
[Anuna yedanotopakca (cl), MM [} AnUHBL Led p K ANHe (cl/al) OTHoweHWe AnNvHbI aGAOMeHa k AnuHe Tena (al/tl)
4.2 0.955 0.512
4.1 0.950 0.510
4.0 E 0.945 0.508
3.9 0.940 0.506
3.8 0.935 0.504
3.7 0.930 0.502
3.6 0.925 0.500
3.5 0.920 0.498
3.4 0.915 0.496
3.3 = 0.910 0.494
3.2 3 5 0.905 7 5 0.492 7 5
MuHUManbHas WupuHa BTOPOIl aHTeHHs! (mw (min)), v MakcuManbHas WUpUHa BTOPOI aHTEeHHb! (Mw (max)), Mm [AnuHa BTOpOI aHTeHHb! (Ml), MM
0.64 1.8 3.2
0.62
as = G = = =
0.58 1.6 2.8
0.56
0.54 13 26
0.52 1.4
2.4
0:50 1.3
0.48 252
0.46 1:2
0.44 1.1 2.0
0.42
1.8
o4 — 1.0 == =
0.38 i 5 0.9 i 5 1.6 i 3
UHa NepBOit aHTeHHbI (/a), MM
PaccTosHue mexgy rnasamv (de), Mm Duamerp rnas (ed), Mm 4.45 An P (a)
1.70 0.38 e
1.65 E 1.10 EI
1.60 — 0:86 1.06
1.55 0.34 1.00
1.50 Biok
1:45 0.32
1.40 i 0.90
1.35 0.30 0.85
1.30
0.80
1.25 0.28 =
1.20 = = 0:78
1.15 i 5 0.26 i 5 0.70 7 5
LLnpuHa ronosbl (hw), MM Anuna dypok (fl), Mm KonuuecTso weTnHok Ha dypkax (sf), wr
0.88 0.36 13
0.86
s — 0.34 — " —
0.82 0.32
0.80 11
0.78 0.30
0.76
X 10
0.74 0:28
0.72 0.26
0.70 g
0.68 0.24
0.66 8
0.64 = ega = =
0.62 - 5 0.20 - 5 z 1 2

Puc.5. MopdomeTpuyeckue IpU3HAKU MOJIOBO3PEJIBIX caMIOB A. tibetiana B mccjiefoBaHHBIX o3epaX, 2025 r.: 1 — MaJsoe

OTHoLWeHne AnuHbI OYPOK K AnuHe abaomena (fl/al)

0.084
0.082
0.080
0.078
0.076
0.074
0.072
0.070
0.068
0.066
0.064
0.062
0.060
0.058
0.056

[nuHa WeTUHOK Ha dypkax (s/), MM

0.76

—

—

0.74
0.72
0.70
0.68
0.66
0.64
0.62
0.60
0.58

0.56
— Mean

=

—

1

2

0OSE 0.54

1

[lxsio; 2 — Tanarap III; Mean — cpengHee 3HaueHue; SE — crangapTHas omuoka.
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Ta6smna 3. MopdomeTrpuueckre npru3Haku caMok A. parthenogenetica u A. tibetiana B TUIeprajJuHHBIX 03epax ora 3anagHou

Cubupu.
IIpusHak A. parthenogenetica A. tibetiana
(puc. 2) Max, M+ SE Min, M+ SE Max, M+ SE Min, M +SE
tl, MM 11,51+0,17 8,27 +0,10 10,01 +0,17 8,24+0,08
(Masoe fIpoBoe) (Bosibioe IIkJ10) (Tanarap III) (Mautoe IIIkJ10)
al, Mmm 7,11 £0,09 4,13x0,07 5,38+0,14 4,35+0,06
(IIykbIpTy3) (Bosibinoe IIk10) (Tanarap III) (Mautoe IIIkJ10)
cl, Mmm 4,95+0,08 3,84+0,04 4,38+0,06 3,68 +0,04
(Bonpmoe fApoBoe) (MopwmsIaHcKoe) (Tanarap III) (MaJtoe IIIkJ10)
aw, MM 0,56+0,01 0,37 +£0,00 0,47 +£0,01 0,40+0,01
(Bonbmoe AApoBoe) (MopwsliaHcKoe) (Tanarap III) (MaJtoe IIIki10)
cl/al 0,95+0,01 0,56+0,01 0,86+0,01 0,84+0,02
(Bosbinoe 1Ikj10) (IIyxeipTy3) (Mautoe IlIk10) (Tanarap III)
al/t 0,695 +0,021 0,498 +0,003 0,53+0,01 0,53+0,00
(Kyuykckoe) (Bosbiioe I1Ik10) (Tanarap III) (MaJjtoe IIIkJ10)
de, MM 1,64 +0,03 1,16 =0,01 1,50+0,02 1,15+0,02
(Bonsmoe ApoBoe) (IIIyxeipTy3) (Tanarap III) (Maujtoe IIIkJ0)
ed, MM 0,30+0,01 0,23+0,00 0,29+0,00 0,22 +0,00
(Bonbmioe ApoBoe) (MopwmeliaHcKoe) (Tanarap III) (Maujtoe IIIkJ10)
la, MM 1,05+0,03 0,71+0,01 1,05+0,02 0,75+0,02
(Bonbmoe Aposoe) (IIIyxeIpTy3) (Tanarap IIT) (Mautoe IlIkJi0)
hw, MM 0,78 +0,01 0,62+0,01 0,88+0,01 0,69+0,01
(Bonpmoe ApoBoe) (IITyxeIpTy3) (Tanarap IIT) (Mautoe IIIki0)
fl, Mmm 0,28 +0,01 0,05+0,00 0,32+0,01 0,22+0,01
(Kpusas Ilyuuna) (Kyuykckoe) (Tanarap IIT) (Mauoe IlIkj10)
sf, mt, 9,98+0,43 0,48 +0,06 10,26 +0,35 6,53+0,26
(Kpusas ITyunHa) (Kyuykckoe) (Tanarap III) (Maujtoe IlIkJ10)
sl, MM 0,67 £0,02 0,23+0,01 0,69+0,02 0,58+0,02
(Bouipmioe ITkJ10) (Kyuykckoe) (Tanarap III) (Masoe ITIkJ10)
fl/al 0,070+0,002 0,008 +0,001 0,061 +0,002 0,052 +0,001
(Bouibmioe ITkJ10) (Kyuyxkckoe) (Tanarap III) (Masoe ITIkJ10)

3.3. CpaBHMTeAbHbIH aHAAU3
Mop(dOoNOrHuYEeCKHX NPU3HAKOB CAMOK H
camuos A. parthenogenetica u A. tibetiana

CpaBHUTEJIbHBIN aHAJINU3 U3MEHYUBOCTU MOp(do-
MeTPHYeCKUX NMPU3HAKOB y pa3HbIX BHJOB II0JI0BO3pe-
JIBIX caMoOK A. parthenogenetica v A. tibetiana 03BOJTAIT
BBIABUTH OCOOEHHOCTHU OTIEeJIbHBIX yacTel Tesia (Puc. 6).
[MnacTuyeckue M MepUCTHYECKHe IPHU3HAKHA CaMOK
A. parthenogenetica Bbillle TAKOBBIX Yy caMoOK A. tibetiana
o unHe Tena (tl: H= 69,28, p<0,01), nedanoropakca
(cl. H=21,22, p<0,01), gimuse (al: H=386,79, p<0,01)
u mupuHe (aw: H=14,78, p<0,01) abnomeHa, paccrto-
AHU Mexay rirazamu (de: H=13,28, p<0,01), nuame-
Tpy r7a3 (ed: H=11,35, p<0,05) 1 OTHOUIEHUIO AJIUHBI
abgomeHa k mymHe Tena (al/t. H=79,75, p<0,01).
Takum obpasom, camku A. parthenogenetica MMeOT
0oJiee KpyNHBIe IPOIIOPLMH TeJia 10 CPAaBHEHHIO C CaM-
kamu A. tibetiana Ha OCHOBaHWM 6 IUTACTUYECKUX U 1
MEpPUCTUYECKOT0 [IpU3HaKa.

OpaHako IJlacTA4YecKue M MepUCThYecKue Ipu-
3HaKu camok A. tibetiana BbIIIe TaKOBHIX y CaMOK
A. parthenogenetica mo mynmHe dypok (. H=113,80,
p<0,01), nqmuHe mWeTUHOK Ha Qypkax (sl H=43,12,
p<0,01), kojuvecTBy INeTWHOK Ha dypkax (sf:
H=154,90, p<0,01), oTHOWeHUI0O JJIUHH LedaroTo-
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pakca k anuHe abmomena (cl/al: H=58,20, p<0,01)
U aiuHbl Gypku K giuHe abgomena (fl/al: H=158,80,
p<0,01). Odnuua mnepBoii aHTeHHsl (la: H=0,05,
p>0,05) u mwupuHa rososu (hw: H=0,01, p>0,05)
MeXOy caMKaMM He WMeJIM 3HAauyWuTeJIbHOr'O0 OTJINYMS.
Takum ob6pasom, camku A. tibetiana mMeroT O6oJiee
KpPYIIHbIe TIPOIMOPIMHU TeJjla MO CPaBHEHUIO C caMKaMU
A. parthenogenetica Ha OCHOBaHMHU 2 IUIACTUYECKUX U
3 MepHCTUYECKHX IpU3HAKOB. PaBHO3HAYHOCTH ILIA-
CTUYECKUX NPU3HAKOB ([JIMHA NEepBOM aHTeHHH (la) u
MmUprHa rojosel (hw)) 06beIUHAIOT MOP()OJIOTYEeCKU
MapTeHOreHeTUYeCKUX U ABYIIOJIBIX BHIOB.

Pe3ysbpTaThl cCpaBHEHHA IJIACTUYECKUX U MepH-
CTUYECKUX I[IOKa3aTejiell II0JIOBO3PEJIBIX CaMOK U
camioB A. tibetiana moxasaju, 4To caMKu A. tibetiana
Gosibime camioB A. tibetiana mo pauHe Tema (tl:
H=52,31, p<0,01), medanoropakca (cl. H=31,31,
p<0,01), npmuue (al: H=69,36, p<0,01) u mupuHe
(aw: H=55,97, p<0,01) abgoMmeHa, [JMHE TIepBOHI
a"TeHHH (la: H=4,51, p<0,05), mupuHe rosossl (hw:
H=6,95, p<0,01) u oTHomeHu0 AIUHB abgoMeHa K
mymHe Tena (al/tl: H=39,44, p<0,01). Takum ob6pa-
30M, caMku A. tibetiana uMerT 6ojiee KpyIHBIE IMPO-
NOpIMY TeJjla 10 CpaBHeHUI0 ¢ camuamu A. tibetiana
Ha OCHOBAaHMHU 6 IJIacTUYeCKUX M 1 MepucThYecKoro
IpU3HaKa.
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AnuHa Tena (t), Mm

[OnuHa abaomena (al), MM

LnpuHa abgomeHa (aw), MM

10.4 6.0 0.46
10.2] = 5.8 =
10.0 : 0.45 =
9.8 5.6 0.44
9.6 5.4 0.43
9.4 52 =
9.2 & 0.42
9.0 [ : 41
s 2 = ot
8.6 4.6 g
8.4 4.4 0.39
g‘g 42 0.38
78 = 40 = 0.37 —
e 1 3 3 28 i 5 % 0.36 ; 5 "

[AnuHa uedanoTopakca (cf), MM

OTHoLWeHe AnuHbI LedanoTopakca K AnvHe abaomena (cl/al)

OTHolWeHue AnuHbl abgomeHa K AnuHe Tena (alil)

43 0.96 0.59
= 0.94 0.58 =
= 0.92 — 0.57
4.1 0.90
i 0.88 0:56
’ E 0.86 = 0.55
3.9 0.84 0.54
3.8 0:62 0.53 =
oeen 0.52
3.7 E 0.78 0.51
356 0.0 = 6 =
0.74 E
3.5 7 5 3 0.72 1 5 3 0.49 i 5 3
PaccTosHue mexay rnasamu (de), Mm DvameTp rnas (ed), MM [nuHa aHTeHHs! (/a), MM
1.44 0.33 0.96
1.42 0.32 E 0.95
1.40 0.31 0.94
1.38 E 0.30 0.93
1.36 0.29 ng
1.34 0.28 0‘90
1.32 0.27 0.89
1.20 E] 0:26 = 0.88 E
1.28 0.25 E} 0.87
1.26 i 5 3 0.24 i 5 3 0.86 1 3 3
LUnpuHa ronosb! (hw), MM LnuHa chypok (), Mm KonnyecTso WeTUHoK Ha dypkax (sf), Wt
0.79 0.30 1"
0.78 0.28 = 10 =
— e
0.77 0.26
8| =l
0.76 E 0.24 !
0.76 0.22 6
0.74 0.20 5
0.73 0.18 4 (=]
=
3
0572 1 2 3 018 1 2 3 1 2 3
OTHoLleHue AnuHbl ypoK K AnuHe abaomena (fl/al) [nuHa LWeTUHOK Ha dbypkax (sl), MM
0.075 0.68
0:070 = 0.66
0:065 0.64 H
0:060 0.62 H
0.055 = 0.60
0.050 0.58
0.045 0.56
0.040 0.54
0.035 0.52
0.030 = 0.50 —
0.025 — Mean Gids
: 1 2 3 OSE ? 1 2 3

Puc.6. MopdomeTpruueckrie MPU3HAKY TOJIOBO3PEJIBIX CAMOK U caMI[OB pauka A. parhenogenetica u A. tibetiana B uccjeno-
BaHHBIX 03epaX, 2025 r.: 1 — camku A. parthenogenetica; 2 — camku A. tibetiana; 3 — camupl A. tibetiana; Mean — cpeJjHee 3HaU€HUE;

SE — crangapTHas omuobka.

OjHaKko IUIacTHYecKre M MepuCTHYecKHe Ipu-
3HaKu camIioB A. tibetiana Bblllle TaKOBBIX CaMOK
A. tibetiana mo paccroAaHMI0 MexAy riasamu (de:
H=10,31, p<0,01), nuamerpy rina3 (ed: H=93,32,
p<0,01), kojuvecTBy INeTWHOK Ha dypkax (sf:
H=19,66, p<0,01), oTHomeHNI0 AJIUHBI LedasoTo-
pakca kK anuHe abgomena (cl/al: H=36,47, p<0,01),
aavHblL Gypku k anuHe abnomena (fl/al: H= 35,44,
p<0,01). Anuna dypok (fl: H=0,74, p>0,05) u qiuHa
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meTHHOK Ha dypkax (s H=1,21, p>0,05) camok u
camroB A. tibetiana He uMesu oTaM4MA. Takum obpa-
30M, caMifsl A. tibetiana uMeloT GoJjiee KpyIHBIE IIPO-
IOpIIMY TeJIa 10 CpaBHEHUIo ¢ caMkaMu A. tibetiana Ha
OCHOBAaHMUM 2 IJIACTHUYEeCKUX U 3 MepuCTHUYeCKUX Ipu-
3HaKOB. PaBHO3HAYHOCTb IIJIACTUYECKUX IIPH3HAKOB
(npmuHa dypku (fl) u anauHA mEeTUHOK Ha dypkax (sl))
00beAUHAIT MOPGOJIOrNYecKy CaMOK M CaMIIOB JBY-
IIOJIBIX BUIOB.
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[To HamleMy MHEHMIO, N3y4YeHHbIe HaMU IJIaCTU-
YecKyie 1 MepUCTHYeCKYe TpU3HaKku A. parthenogenetica
u A. tibetiana B OCHOBHOM M3MEHSJIMCH IIOJ BO3AEM-
CTBMEM MUHepaau3aliy panbl B UCCJIeOyeMBIX O3e-
pax, KkoTtopas MeHsnach ot 45,9 (03. Manoe ko) go
210,9 r/n (03. Kyuykckoe). OTMeUeHO, 4YTO U3MeHeHNA
COJIEHOCTU BOABI CKa3bIBAIOTCA HA IPONOPLUAX TeJa.

4. 06cyxpeHue

OueBUIHO, YTO AJIS1 MOHUMAHUA OCOOEeHHOCTeH
¢popmupoBaHusa MoppoMeTprUUecKUX MPU3HAKOB apTe-
MHU, HeoOXOJJUMO paccMaTpuBaTh ee pa3BUTHE BO
B3aMMOCBA3U € (paKkTopaMy MHHepaJM3aliu U TeMile-
paTyphl pansl. XapakTep CBs3ell IJIaCTUYeCKUX U Mepu-
CTUYeCKUX NMPU3HAKOB C 3TUMU (paKTOpaMu MO3BOJIsIET
clenaTh psAn OOIUX BHIBOAOB JJISA MOMYJIALMN paydka
A. parthenogenetica (mpu ypoBHe 3Hauumoct#l p <0,05)
(Tabsmna 4):

NpU yBeJIMYeHUU MUHepaIu3aluu MPOUCXOAUT
PeOyKIUA IIEeTHHOK Ha Gypke (sf) ¢ yMmeHblie-
HUEM UX JUIUHH (s) 1 yMeHblIeHe OJIMHBI CaMOM

bypxu (f);

nnvHa a6nomena (al) v oTHolleHMe JIMHB abmo-
MeHa K gijuHe Tesa (al/tl) yBeuuuBawTCA MPO-
MMOPIMOHAJIBHO COJIEHOCTH;

OTHOIIeHNe JJIMHHI Ife¢asioTopakca K JJjirHe abao-
MeHa (cl/al), nyuHbl GypoK K JyiMHe abAoMeHa
(fl/al), mmpuna abaomeHa (aw), IJIMHA TEpPBOM
aHTeHHbl (la) w mmpuHa roJsioBel (hw) oTpuia-
TEJIbHO KOPPEJIMPYIOT ¢ MUHEpAJIU3aIe.

[Ipu yBesMYeHWHN TeMIlepaTyphbl parbl B Hccie-
JIOBAaHHBI MEPUOJ MPOUCXOOUT YMEHBIIEHUEe IJIHNHBI
nedasnoropakca (cl) u paccTossHUA MeXIy r1asamu (de)
B MOMYJIANUAX pauka A. parthenogenetica.

IMockosibky momynAnuu A. tibetiana oTMeuyeHBI
TOJIbKO B JBYX O3epax, K3-3a MaJjioil BBHIOOPKU MJiA

CTaTUCTUYECKOT0 aHayy3a ObIM HCIIOJIb30BaHHL [Ipy-
rue Mmerodnl. CpaBHeHHe CpeJHUX NaHHBIX MHHepa-
Jquzanuu pansl 03. Manoe Illkno (45,9 *+13,8 r/n)
u o3. Tanarap III (161,6 = 48,5 r/m1) MO0 KpUTEpPUIO
Kpackena-Yosuuca (H) nokasajio JOCTOBepHOe pasJiu-
ynre (p<0,05). TemnepaTypa pansl paccMaTpHUBaeMbIX
o3ep (03. Maroe [Ikno: 21,4 + 1,4 °C; o3. Tanarap III:
16,0 = 1,2 °C) Takxe 3HaYUMO oTJin4asach (p <0,05).
Taxum ob6pa3oM, Ipu yBeJIndeHU MUHepasn3a-
nuu panel Ha 115,7 r/n1 U yMeHBIIeHUU ee TeMIiepa-
TypH Ha 5,4 °C nu3MeHuWIMCch MopdomeTpuieckue npu-
3HaKM CaMOK U caMmIloB pauka A. tibetiana:
*  YBeJMYWJINCh [TapaMeTpHl TeJjla CaMOK M CaMIIOB:
anvHa Tena (tl), mmHa abmomena (al), mmpuHa
abmomeHa (aw), mmHa Hedasnotopakca (cl);

YBEJIUYMUJINCh Pa3MepHBIE XapaKTePUCTUKU T'OJIOBHI
CaMOK Y CaMI[OB: pacCTOsIHUE MeXay riiasamu (de),
auametp ria3a (ed), nyivHa mepBod aHTeHHH (la),
IIMpUHA TOJIOBH (hw);

YBeJIMUMJINCH IToKa3aTesiu GypoK caMOK U CaMI[OB:
nnvHa ¢ypku (fl), KoJM4ecTBO METUHOK Ha Gyp-
Kax (sf), AMHa MEeTUHOK Ha ¢ypkax (sl);

VMEHBIIJIOCh OTHOIIeHWe IJIMHB abJoMeHa K
nnuHe Tena (al/tl) camiios;

YBEJIMUNJIMCh pa3MeEpPhl BTOpOfI AdHTEHHBI CaMIIOB:
JUIMHA BTOpOI aHTeHHBI (ml), MakcuMaJibHas u
MHUHHMAaJIbHas1 MHUPHHA BTOpOﬁ AHTEHHbI (mw
(max), mw (min)).

Knacrepublii ananu3 12 miacTudeckux u 4
MepUCTUYECKUX NPU3HAKOB caMoK A. parthenogenetica
II0 CpeJHECe30HHbHIM 3HA4YeHWAM IIOKa3aJl MpUHAA-
JIEXKHOCTh HOMyJIALMH K 3 rpynmnaM, pasjinyanmuMcs
10 MUHepasu3alyiy palbl, a Takxke 110 0COOEHHOCTAM
dypkanpHBIX nokasateseii (Puc. 7).

OtnenpHass rpynmna obpa3oBaHa MMOMyJALUeEN
apremuu u3 o3ep bosbmoe ko u Kpusasa IlyunHa.

Ta6smmna 4. KoppeaAiuoHHBIN aHaNU3 MJIaCTUYECKUX M MEPUCTUYECKUX MPU3HAKOB A. parthenogenetica mo aGMOTUYECKUM

daxkTopam.
IIpusnak | r | R? |YpaBHeHne 3aBHCHMOCTH
MuHepanu3sanysa pamnsl, I/
JnuHa abnomena (al) 0,41 0,24 y=0,0094x + 4,3428
MIupuHa abgomenHa (aw) -0,67 0,35 y=-0,0008x + 0,5901
JlnuHa nepBoii aHTeHHBI (la) -0,43 0,11 y=-0,0007x + 0,9885
[Mupuna rosioss (hw) -0,53 0,22 y=-0,001x + 0,9262
Jmuna dypok (f) -0,82 0,59 y=-0,0011x + 0,3492
JnuHa meTuHok Ha dypkax (sl) -0,59 0,30 y=-0,0018x + 0,7715
KoJinuecTBO IETMHOK Ha pypkax (sf) -0,75 0,44 y=-0,0401x + 10,31
OTHouleHue OUH edasoTopakca K JyinHe abgomena (cl/al) -0,70 0,46 y=-0,0013x + 0,9627
OTHollleHre QJINHBI abqomMeHa K aymHe Tea (al/tl) 0,86 0,63 y=0,001x + 0,431
OTHouleHne OUHBL ypok K giuHe abnoMena (fl/al) -0,87 0,63 y=-0,0003x + 0,077
Temnepartypa pamsl, °C
JnuHa nedasoropakca (cl) -0,42 0,18 y=-0,0435x + 5,1284
PaccrosHue Mexay ryiazamu (de) -0,39 0,15 y=-0,0156x + 1,7005

IIpumeuanue: r — kodbdunyeHT Koppessnuu CnupMeHa, R? — koadouIeHT anmnpoKcuMaIyu.
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Pauku, obuTarmue B 3TUX O3epaX, XapaKTepusylTcA
Hau6oJiee BRICOKUMHU QypKaJIbHBIMU II0Ka3aTeIAMU 110
CPaBHEHUIO C OCTAJIBHBIMU 03epaMi (yinHa Gypoxk (fl),
KOJINYECTBO LIEeTHHOK Ha dypkax (sf), JjIMHA METUHOK
Ha ¢ypkax (sl)) (cMm. Puc. 4). CpeHsaA MUHepaIU3aIA
parmnsl nepBoii rpynnsl o3ep cocrasiisier 109.9+7.1 r/mn.
BTopas rpynna o6beiuHMIIA IONMYJIALMNA apTeMUN 03ep
Kyuykckoe u MopwmbimaHckoe. [[yiMHa IIETMHOK Ha
dypkax (s]) paukoB 3TOM TpymHmIBl camas KOPOTKAas IO
CpPaBHEHMUIO C OCTaJIbHBIMU 03epaMu. CpedHsAs MUHepa-
JIM3anusa 3TOU rpymnsl o3ep coctapsaet 219,1 +8,0 r/n.
Tpetbs rpynna obpa3zoBaHa MOMyJIANNAMY apTeMHUHU U3
o3ep bosbioe fposoe, Majsioe fAposoe, MajiuHOBOE,
MlykeipTy3. Pauky aTUX 03ep XapaKTepu3ylTCA CXO-
Xel MeXxAy cOOOHM AJMHON IIeTMHOK Ha dypkax (sl),
KOTOpas 3HAUUTEJIbHO OTJINYAeTCA OT TAaKOBHIX OCTaJIb-
HBIX rpynn o3ep. CpeAHAsS MUHepaau3anusa panbl 3TOH
rpynmsl o3ep cocrasuiaa 170,2+2,8 r/n.

Kak Opu10 mOKasaHO BhIle, M3y4YyeHHble Hamu
rumneprajgvHHBe o3epa lora 3anagHoi Cubupu xapak-
TepusyloTCca Ppas3jnyHBIMU abuoTudeckuMu (axTo-
paMu, KOTOpBle OKa3bIBalOT BO3JeliCTBHE Ha XHU3He[e-
ATEJIBHOCTh I'MApOOHOHTOB. V3MeHeHUne TeMnepaTyphl
Y1 MUHepaJu3alliy panbl B 03epaxX OKa3blBaeT BO3JeH-
CTBUE Ha JUHAMUKY YMCJICHHBIX [TI0Ka3aTeJsiell, a Takke
pasnnuuii MOopGOoMeTpHUYeCKUX IPHU3HAKOB apTeMHHU,
4yTO OBLJIO OTMEUYEHO B paHee IIPOBeJIeHHBIX NCccjieqoBa-
Husx (BecamHa u ap., 2023; Vesnina and Bezmaternykh,
2023; JlutBuHeHKO U Ap., 2024). CIUIIKOM BBICOKaA
WIM HM3Kasg MUHepaJu3allsa panbl IposBJIAeTCA B
yTHETEeHUU poCTa, pa3BUTHUA U Pa3MHOXEHHs apTeMuu
(Becauna u gp., 2011). [Ipu u3MeHeHUM MUHepaJIU-
3aIuy pamnbl MeHseTcsA He TOJIbKO Mop(oJorus, HO U
0COOEHHOCTH pa3MHOXeHHs M COOTHOIIeHue I0JIOB
(Becnuna u ap., 2012; Cémuxk u ap., 2024).

Kak m3BecTHO, apTeMus xapakTepu3yeTcs BEICO-
KOH 3KOJIOTHYeCKOH IIaCTUYHOCTBI0O U MOXKeT MEHAThb
CBOM pas3Mepsl U (GopMy B 3aBHCHMOCTH OT BHEIIHUX
($akTOpOB, OCHOBHBIM U3 KOTOPHIX MHOTHE HCCJIeI0Ba-
TeJIM CYMTAIOT KOHIeHTpaIuio cosiel B BoAe (Nobile et
al., 2020; Forneck et al., 2021; Van Stappen et al., 2020;
Thirunavukkarasu et al., 2024). IIpu 3Tom Mopdome-
TpUYecKre MpU3HAKU apTeMUU H3ydaloTcs BO BCeM
mupe i qubdepeHnan 1 uaeHTuurKany BUA0B
(Naganawa and Mura, 2017; Asem et al., 2020; Sainz-
Escudero et al., 2021). Kpome Toro, 3t1 MopdomeTpu-
Yyeckye pasjinuusa MexAy OCOoO0AMH WM MOMyJIANUAAMU
OJHOTO0 U TOT'0 e B1JJa MOI'YT OBITh O0YCJIOBJIEHEI F€HO-
Tunudeckoit namenunsocthio (Thirunavukkarasu et al.,
2021). Hamu fgaHHbIe MOJIHOCTBIO MOATBEPXKAAIOT 3TU
BBIBOJBI. BrIfABIeHH Kak sBHbIE M3MeHeHusA Mopdome-
TPUYECKUX IIPU3HAKOB O0OMX M3yYeHHBIX BUAOB apTe-
MMU IO IpaAueHTy BaXXHEeNNINX 3K0JI0rnYecKkux paKTo-
POB, TaK MeXBUAOBBIE 1 MEXIIOITyJIAIMIOHHbIE OTJINYNA,
KOTOpBIE CYLIeCTBEHHO OCJIOKHAIOT TAKCOHOMHYECKYIO
JAUarHoCTUKY 10 MOpQ0JIOrHYecKUM IIpHU3HaKaM.

[Tomo6HBIEe 3aKOHOMEPHOCTH OTMeuYeHHl B paHee
MIPOBEJEHHBIX HCCJIeIOBAaHUAX, KOTOpble IOoKa3asu
pasnnurs MopdOoJIOrMYecKrux IPHU3HAKOB psAfa IOIy-
JAui, OOHapyXeHHBIX B pasHBIX reorpaduieckux
palioHax, ocobeHHO B IpUOpeXHBIX palioHax MHauu,
Kuras, EBponsl u Adpuku (Thirunavukkarasu et al.,
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Puc.7. [lengporpamMma CXOACTBa KOMILIekca MopdoMe-
TpUYeCKUX IoKa3aTesiell caMOK KCCJIeJOBAaHHBIX MOMYyJIALUN
A. parthenogenetica 13 runeprajuHHBIX 0o3ep lora 3anaaHoi
Cubupu (MeTon oauHOYHON cBsA3u): 1 — Bombmoe I[Ikiio;
2 — bosbmoe Aposoe; 3 — Kpusasa Ilyunna; 4 — Kyuykckoe;
5 — ManuHoBoe; 7 — Majsoe fIpoBoe; 8 — MopMbIIIaHCKOE;
10 - IIyxsIpTY3.

2022; Thirunavukkarasu et al., 2021; Ruebhart et al.,
2008). ABTops! 13 Uuauu u TaliBaHs Ha OCHOBe U3yye-
HUSA UX MopdoMeTpHiecKrX IPU3HAKOB OOHAPYXIIU 6
MopdoTtunos apremun (Maniatsi et al., 2009). ITo mop-
dbomMeTpryeckuM MMoOKasaTesIAM TaK e, KaK U B Hallem
ciy4yae, OBLJIM BBIABJIEHB OTJIMYMA CaMOK U CaMI[OB
apremuu CeBepHoll AMmepuku u Kapubckoro mobepe-
xbs1 Komym6um (Van Stappen et al., 2024). OueBuaHO,
HallUX U paHee IpOBEIeHHBIX MCCJIeJOBAaHUI MOp-
dosorryeckux M pasMepHO-BECOBBIX XapaKTEPUCTUK
apTeMUU U3 pasHOTUIHEIX 03ep fora 3anaaHoi Cubupu
[IoKa HeJOCTAaTOYHO JIs IOoCTOBepHOH auddepeHiya-
IV MOMYJIANUI apTeMUU pa3HbIX BUIOB (JINTBUHEHKO
u 1p., 2024; Vesnina et al., 2025).

BhIITOJTHEHHBINT aHaJM3 IUIACTHYeCKUX U Mepu-
CTUYeCKUX IIPU3HAKOB [I0JIOBO3PEJIBIX 0cobell apTeMUun
M3 Pa3HOTUIIHBIX T'HIEpPrajiiHHBIX 03ep AJITalicKoro
Kpas NoATBepAWsI, 4To Haubosiee BapuabenbHBIMU
IpU3HaKaMU y caMOK payka apTeMUU ABJIATCA Gyp-
KasbHble TokasaTenu (Vesnina et al., 2025).

5. BoiBOABI

H3yueHbl coBpeMeHHBle Mop@oJioruieckue
XapaKTepUCTUKU MapTeHOreHeTUYeCKUX M JIBYIOJIBIX
NOMyJIALMKI apTeMuy B 10 pasHOTHUIIHBIX TUIleprajvH-
HBIX o3epax lora 3amaaHoil Cubupu. Hcnosbp3oBaHue
JHK-0apkoauHra mO3BOJIMJIO ONpee/JIUTh B U3Yy4eH-
HBIX TUNEpPrajJMHHBIX O3epax AJITaliCKOro Kpasd ABa
Buga apremun: A. parthenogenetica w A. tibetiana.
B xmopunnsix (Bosbmoe IIkiio, Bosbinoe flposoe,
KpuBasa Ilyuuna, Kyuykckoe, ManuHoBoe, Masoe
fposoe, llykeipTy3) U cysbdatHoM (MopMbIIaHCKOEe)
o3epax BbIsBJIeHa A. parthenogenetica, a B XJIOpUTHOM
(Manoe [xyo) u B ruapokapboHatHoM (Tauarap III)
— A. tibetiana.

CpaBHUTEJbHBI aHaau3 MOp(OJIOrHYecKux
IPU3HAKOB IOKa3aJl, 4TO caMKu A. parthenogenetica u
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A. tibetiana UMeIOT 3HAYMMBbIe OTJINYUS CPEeIHUX BeJid-
yrvH — 14 13 16 n3y4yeHHBIX NIPU3HAKOB: AJIMHA TeJja,
JUuIMHa abAoMeHa, OTHOIIeHHWe AJIMHBI abgoMeHa K
JUIMHe Tejla, MKUpHHA abJOMeHa, pacCTOsAHHE MEeXIy
rjasaMy, AuaMeTp rIJasa, [JMHa IedasoTopakca,
OTHOILIEHWe [JIMHH IedpasioTopakca K [AjnHe abmo-
MeHa, JJiMHa (PypKaJbHON BeTBU, KOJINYECTBO IIEeTH-
HOK Ha QypKe, JJIMHA [eTUHOK Ha QypKe, OTHOLIEHNE
JUIMHBL QYypKU K AJInHe abaoMeHa.

Ananu3 12 niacthyeckux U 4 MepUCTUYECKUX
MIPU3HAKOB caMoOK A. parthenogenetica mokasaj, 4TO
eé MOMyJIAMN pa3fesAlTcA Ha 3 TpyNIbl, pasjinya-
fomyecss OCOOEHHOCTAMMU CTpoeHHs (ypKu: AJIMHOH,
KOJIN4eCTBOM IIeTHHOK, AJIMHON IleTHHOK. HHAekc
koppeJianuu CrvpMeHa BBIABUJI 3HAUMMBble CTAaTUCTH-
Yyeckye 3aBUCUMOCTH MOpP(]OJIOrHYecKUx IPU3HAKOB
A. parthenogenetica n A. tibetiana 0T OCHOBHBIX 3KOJIO-
ru4yeckrux GakTopoB — MUHepaIu3aly U TeMIepaTyphbl
parmsl.
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