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Study of lichen species growing in the “eastern part”
of Kazakh small mountain hills

The rapid development of industry at the present stage, the accumulation of harmful . waste, and the emer-
gence of large settlements—all these anthropogenic factors cause climate change around-the world. In this re-
gard, it is known that a decrease in atmospheric moisture has a significant impactionithe expansion of desert
areas. The above-mentioned global changes directly affect living organisms on Earth and alter the species
composition of both flora and fauna. Therefore, scientists must pay specialéattention to'the natural changes
occurring in local flora. In this study, lichens were chosen as the object of research, asithey form an essential
part of the local flora, inhabit various biomes, and are resistant to‘climatic,changes due to their structural fea-
tures. In recent years, scientific publications on the plant flora of Kazakhstan have included lichenological
studies providing data on the biological characteristics, ecology;sand indicator value of species growing in
specific regions. However, there are no dedicated studies covering the lichen species found in the flora of the
Chingistau, Kalbatau, Kokentau, and Abraly mountains,which belong to,the eastern part of the Kazakh Small
Hills. In the present study, a comparative analysis of the species cemposition was carried out, since the moun-
tain ranges collectively known as the Small Hills of the Eastiare located far from each other. As a result, 11
species belonging to 5 genera and grouped into 6 families were identified as growing across all these hills.
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Introduction

The “eastern part” of the Kazakh small hills occupies the southwestern part of the land sections of the
Abay region. This territory is distinguished by a strongly sliced low-mountainous, small-hilly terrain. The
Chingis Mountains occupy a largearea, stretching from northwest to southeast [1]. Most of all, small hills in
the eastern part of Kazakhstan are located connecting the territories of two large regions of Kazakhstan. The
part that includes the Abralysmountains, the eastern part of Saryarka includes small hills located on the terri-
tory of the Karaganda region,iKarkaraly district and Abay district [2].

In connection with"thestopic of the research work, the importance of the emergence of various types of
lichens, based on‘the diversity of photo—and mycobiontes in the symbioses of lichens in rocks, is shown in
the researchaworks of foreign scientists. Lichens are sensitive to climate change and have been found to be at
risk.of extinction,in‘the highlands. Temperature and precipitation, the effects of the altitude gradient change
the structure and phylogenetic diversity of lichen associations [3-5]. In addition, data are presented on the
structure of lichen thalli and their changes depending on climatic conditions. It has been established that a
certain lichen consists of several groups of algae and also fungi, including ascomycetes and two phylogenetic
basidiomycetes [6-8]. The frequency of occurrence and distribution of lichens is determined by considering
their functional features. Changes in the external morphology of lichens are considered to be related to its
level of hydration and the course of photosynthetic activity. The vast majority of lichens are adapted to grow
in the high latitudes of the mountains, in temperate and subtropical zones [9].

In recent years, research work on lichenology in Kazakhstan shows data on the species of lichens dis-
tributed in the small hilly, mountainous areas of central Kazakhstan and their relationship with the environ-
ment [10-12].

On the rocks of small hilly mountain slopes, the main plant associations, painted in different colors, are
formed by lichens. In some domestic works, it is given that among the vegetation cover in the Kazakh small
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hills, lichens belonging to the genus Cladonia, Alectoria, Peltigera are found from the lower plants [2]. In
literary sources, the biology, ecology and types of lichens that need protection are studied in the biomes of
the Burabay Park [13-14].

In addition, among the published scientific works in accordance with the plant flora of Kazakhstan, one
can find General Data related to the distribution, morphological and environmental characteristics of lichen
species. But, in particular, due to the species of lichen growing in the mountains of Chingistau, Kalbatau,
Kokentau, Abraly, which belong to the small hills and low mountains of Abay region, information is very
rare. These mountains are known as the spurs of the Tarbagatai and Saryarka mountains of the East, which
are located on the territory of the Abay region at a certain distance from each other. The species of higher
plants that grow in the study areas are very inhospitable in the mountain belts. This is due to the fact that the
soil cover is gravel, and the moisture content is very small, there are often associations of real xerophytic
plants. As the dominant plant species characteristic of all research areas, plant species such asestuca, Ar-
temisia, Stipa, Spiraea, Juniperus, Allium, Orostachys and others grow. In accordance with the mainigoal of
the research work, the above-mentioned species of lichen growing on small hills and low, mountains were
studied. In the regions surveyed, the route expedition was carried out in different seasons 0f 2024-2025.The
lichenological study was carried out using geobotanical methods.

Experimental

Identification of lichen species settled in the mountains of Abraly™(49°10N 77°25E), Kokentau
(Semeytau) (50°10N 79%43E), Kalbatau (49°22N 81°29'30E) and Chingistau (48°52N 79°15E), grouping into
systematical taxa and meeting with the environment communication research-was.carried out.

b) )

Figure 1. Map-schéme, of the regions where the route expedition to the small mountain hills
of Abay region was carried out a) /Abraly mountains b) Chingistau ¢) Kokentau (Semeytau) d) Kalbatau

Among the geobotanicalmethods, the determination of quantitative indicators of species in plant associ-
ations living in research areas is/of great importance. To determine the number of lichens settled at the re-
search sites, the hiumber, density and variety of lichens within 1 m? of wooden Squaresticks were evaluated in
advance. In the study; indicators were obtained depending on the variety, number and covering projection of
lichens within 1 M2 Squaresticks in the mountains of Abraly, Chingistau, Kalbatau, Kokentau. To determine
the quantitative and cevering projection in the research areas, the obtained Squaresticks were carried out by
throwing them randomly (1015 times with a repetition) at the research sites. The accuracy of the numerical
values obtained from the test sites directly depends on the repeated implementation of the experiment. This is
because. it must be taken into account that the types of epilytic lichen have their own characteristics in the
research methods compared to epiphytic and epigeal lichen. Especially in some cases, factors such as the
surface shapes of different rocks (steep, rocky) and the growth of lichen individuals settled on them, cover-
ing each other, cause difficulties in determining their quantitative indicator. To find quantitative indicators of
very rare (Sol), rare (Sp), often (Cop) very numerous (Soc) species of lichens, the Drude scale was used as a
geobotanical method [15].

Determination of the types of lichen taken as samples was carried out using the 3-volume determinant
of E.l. Andreeva “Flora of spore plants of Kazakhstan” [16]. Identification of lichens collected during the
route expedition was carried out using the “Low vacuum raster electron microscope (rem)” JSM-6390 LV
JEOL (Japan). In connection with the research work, collections of collected types of lichens were created.
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Results and Discussion

The route expedition was carried out in the last months of autumn, spring and summer. The GIS map of
the regions where the route expedition was conducted was taken, and latitude and longitude indicators were
given (map).

As shown on the map, certain points of the small hills of the East were taken. During the guided expedi-
tion on the Chingistau, Kalbatau, Kokentau and Abraly mountains, which are part of the Kazakh small and
low-lying mountain ranges, the collected types of lichen were identified and classified into systematic
groups. The identified species were analyzed depending on the form of life, ecology and frequency of occur-
rence (Tab. 1).

Table 1

Biology and ecological features of lichen species settled in the small hills of Abay region

Frequency of

Ne Genus .
meetings

Lifeform Ecology

Family — Verrucariaceae
Genus Verrucaria . T
1 . . (Cop) scale lichens epilytic
Species V.nigrescens
Family —Acarosporaceae

Genus Acarospora

2 Species A. chlorophana (Sol) scale lichens epilytic
Family — Caloplacaceae
Genus Caloplaca - -
3 Species C. viridirufa (Sol) scale lichens epilytic
4 Genus Caloplaca (Sp) scalelichens epilytic

Species C. decipiens
Family — Lecanoraceae
Genus Placolecanora . oo
5 Species P. alphoplaca (Sol) scale lichens epilytic
Genus Lecanora . A
6 Species L. allophana (Sp) scale lichens epilytic

Genus Lecanora . A
7 Species L. frustulosa (Sp) scale lichens epilytic

Family — Parmeliaceae
Genus Parmelia . oo
8 Species P. tominii (Cop) leafylichens epilytic
Genus Parmelia
Species P. conspersa
Genus Parmelia

10 Species P.4agars (Soc) leafylichens epigeal

9 (Sp) leafylichens epilytic

Genus Parmelia . -
11 Species Psulcata (Sol) leafylichens indiffent

Ofthe 11 species identified depending on the Life Form, 4 species were grouped into leafy lichens and
7 species/of'sealy (sometimes small-leaved) lichens. Due to their ecology, 9 out of 11 species were classified
as epilytic lichen, 1 as epigeal, and one species as indifferent species (Tab. 1). In the course of the study, the
settlement of lichens at different heights of the mountains was directly related to the mountain slopes. In
comparison with the slopes of the mountains, epilytic lichen species are most often settled on sunny slopes,
where there is plenty of sunlight. In addition, the lichens that settled on the sunny side of the mountain dif-
fered due to their morphological structures and colors. For example, species such as Acarospora
chlorophana, Caloplaca viridirufa, Caloplaca decipiens, Lecanora Allophana, which have different frequency
of occurrence, and most importantly, have a beautiful bright color. And on the negative surfaces of the
mountain, it was noticed that lichen species Verrucaria nigrescens, Lecanora frustulosa, Parmelia tominii,
Parmelia conspersa often grow in black and gray color.
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Table 2
Indicators of lichen species settled in small and low Kazakh mountains,
depending on the quantitative and covering projection
Average
Chingistau Kalbatau Kokentau Abraly mountains| indicators of all
types of lichens
E\ S S S S
. . c c c c c
Ne Lichen species " 2 " 2 " 2 " 2 " =
= | 8 | € s | = g = S = s
¢l E ¢l 8 ¢l 8 [ e [ 8
x s x s x s v 5 o s
[<5] (3] (5] (<5 (5]
> > > > >
8 8 8 3 3
y |Verrucaria 1,8 22 | 61 | 31 | 222 | 204 | 249 25 138 | 127
nigrescens
p |Acarospora . . 18 | 17 | 25 | 05 | 1064 22 4 37 | 11
chlorophana
3 |Caloplaca viridirufa | - - 4,1 2,1 - - - - 1,0 0,5
4 |Caloplaca decipiens | 2,2 2,0 4 1,6 8,2 1,8 12,9 8,2 6,8 3,4
5 |Lecanora allophana | 1,4 0,8 13,5 53 5,6 3,4 6,3 4.5 6,7 3,5
6 |Lecanora frustulosa | 2,9 2,7 2 15 2,5 0,9 19 9,5 6,6 3,7
7 |Parmelia tominii 1,3 1,3 27,7 | 115 12 6 21,7 10 15,7 7,2
8 |Parmelia conspersa | 6,8 2,7 3,5 2,6 8 3,7 2,1 3 51 3
9 |Parmelia vagans 55,1 | 47,2 76,4 45,4 2 1,1 - - 33,4 23,4
10 |Placolecanora 18 | 27 . - hoany| 27 . . 15 | 13
alphoplaca
11 |Parmelia sulcata 0,3 0,1 - - - - - - 0,07 0,02

In terms of the number of identified lichen species,grows in Chingistau (9), Kalbatau (9), Kokentau (9),
and Abraly mountains (7). Due to the covering projection, the species Parmelia vagans showed greater val-
ues in the Chingistau and Kalbatau mountains (47.2 % and 45.4 %). In the process of comparing their aver-
ages with the diversity of lichens settled. in the;mountains obtained in each study, it was found that, depend-
ing on the number and covering projection;, the dominant species are Parmelia vagans, Parmelia tominii and
Verrucaria nigrescens. In addition; \in the course of the study, the species Parmelia sulcata, Caloplaca
viridirufa and Placolecanora alpheplacay"which are very small in number and have a very low incidence,
were classified as very raresspecies (Tab. 2, Diagrams 1-2).
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Diagram-1. Quantitative indicators of lichen species settled in Kazakh small mountain ranges
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==@=Chingistau ==®==Kalbatau ==®=Kokentau Abraly mountains l

Diagram-2. Indicators of lichen species settled in Kazakh small mountain ranges depending onthe covering projection

The following is a morphological brief description based on the settlement-of lichens.on substrates and
photo images obtained under a scanning microscope.

1. Verrucariaceae—Verrucaria nigrescens—frequent, scalylichen. Belongs to'the epilytic type, adapted
to growth in the stone. The lichen thallus is brownish-gray in color, very thin,the underside of the thallus is
black. Many perithecia, black in color, are located inside the thallus, penetrating it. The spores are of differ-
ent shapes, arranged in several rows. Pycnidium are formed by spreading over the lichen in the form of a
black dot.

i &

20kV X3,000 Sum 0001 1053 25Pa

a)

Figure 2. a) General view.of the lichen Verrucaria nigrescens settled on the stone surface;
b) Aseparate perithecia and a black pycnidium part of the species;
¢) Manifestation of lichen spores formed in the peritoneum

2. Acarosporaceae=Acarospora chlorophana—uvery rare, epilyticlichen. The surface of the thallus is
uniformly scaly, thin. The areoles are smooth, slightly fleshy, light yellow-green in color. In close contact
with each other, in the form of a whole coating, sometimes separated, scattered among other types of lichen
is formed. The middle layer of the thallus is white, dense, the undercoat is black, clearly noticeable.

X200 100pm 0001 1058 35Pa X500 50um 0001 1054 25Pa

Figure 3. a) The period when the species Acarospora chlorophana grew in the substrate;
b) Angular formation of apothecium disks; ¢) View of the corepart of the lichen
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3. Caloplacaceae—Caloplaca viridirufa—very rare, scaly lichen. The color is dark red or red-brown,
with epilytic lichens settling on the surface of the stones.The thallus on the surface of the stone is formed by
a thin, hard sticking. The apothecia is located in large numbers in the middle part of the thallus, forming sin-
gly, but in close contact with each other. The apothecia is oval or round in shape, with a whole edge. Eight
ascospores are formed in the ascus.

boai

X50 500pm 0001 1061 20Pa 8kV X200 10%1 0001 0961 20Pa

b) c)

Figure 4. a) Location of the species Caloplaca viridirufa in the stone;
b) Representation of apotheias of different shapes; ¢) The surface part of the individual apothecary

4. Caloplacaceae—Caloplaca decipiens (Gasparrinia decipiens)—the most commen is epilytic, scaly li-
chen. The surface of the thallus is rough, in the form of grains. The color of the surface layer is orange-red.
Flatshape, color orange-yellow. The undercoat of the thallus is dark gray'in colernot clearly noticeable. The
incipient apothecia is sessile and sparsely located. The edges ofithedapothecia disks are intact but, branched.
The spores are two-celled, bipolar, and consist of 8 elliptical spores:

X50 500um 0001 1057 25Pa 20kV X3,000 Spm 0001 0951 25Pa

a) b) c)
Figure 5. a) Caloplaca decipiens lichen species; b) Manifestation of the apothecia part of the lichen; c) Elliptical spores

5. Lecanoraceae—Placolecanorai(Lobothallia) alphoplaca—the extreme edges of the areoles of different
shapes and sizes are clearly formed, the surface part of the thallus is rough. The color of the thallus is white-
gray, in the middle part there.are groups of black apotheosis.The shapes of the apothecia are convex and
formed in a protruding state..4 or 8 spores are located in special pockets.

Xe0 200pym 0001 1265 35Pa 20KV X2,000 10um 0001 1265 29Pa

b)

Figure 6. a) General view of the species Placolecanora (Lobothallia) alphoplaca;
b) The middle part of the convex apothecia part; c) The stage of formation of 8 ellipse-shaped spores

6. Lecanoraceae—Lecanora allophana—rare, epilyticlichen. This species is known as an epiphytic spe-
cies, which grows not only on stone surfaces, but also clinging to forest trees in certain regions of Kazakh-
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stan. The scaly color of lichens thallus is light gray or pale green. In the middle part, the color is pale yellow,
and the edges are pale green, numerous apothecia are formed as a whole or singly. Apothecia are located on
the substrate with short ridzines.

l.‘ :

e, &, TR
,‘,J‘ -

p&X 500pm 0001 1053 25Pa 20kV X2,000 10um 0001 0953 25Pa

b) c)

Figure 7. a) General view of the epilytic species Lecanora Allophana;
b)Convex edge apothecarypart; c) The period of formation of ellipse-shaped spares

7. Lecanoraceae—Lecanora frustulosa—the meetingvest is rarelye pilytic _lichen. The surface of the
thallus is scaly, the color is greenish-yellow or greenish-gray, the underside is black. Whilethe extreme thalli
on the surface of the Stone are formed in an elevated form, tightly adjacent to eachiother, the thalli of the
middle apothecia part are formed, forming a relatively thin layer. The apothecia of the settled black color is
numerous, arranged in groups. The apothecia discs are rounded, with jagged edges, and then the flesh chang-
es to a lush state. The shapes of the unicellular colorless spores are oveid.

X100 100pm 0001 0951 25Pa 20kV X1,000 10pm 0001 09 61 25Pa

a) b) ©)

Figure 8. ) Species Lecanora frustulosa with black apothecia;
b) Expression of apothecia with'sliced edges; c) The stage of spore formation of the lichen Lecanora frustulosa

8. Parmeliaceae—Parmeliaitominii—in the study areas, meetings were frequent. Lichen thallus consists
of short ridzines that are not tightly attached to the substrate, of various shapes, the surface is brownish-black
in color, with folds, the underside is white, reaching the edge of the thallus. There are no soredia and Isidis.
The edges are formed,with fleshy thalli tightly touching and covering each other. Thalli located at the
edgesare arranged,dichotomously or radially branched. The disks of their apothecia, scattered or grouped, are
flat, brown in color.

A4

pm 0001 0963 20Pa X500 50pm 0001 0963 20Pa

2 b) 5

Figure 9. a) Appearance of lichen Parmelia tominii on the substrate;
b) The apotheos is of the disc is not obvious; c) The lower ridzinal section of the lichen
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9. Parmeliaceae—Parmelia conspersa—rare in research areas. In the middle parts, leaf-shaped thalli are
formed by sticking to the surface of the stone, while the extreme edges are loosely raised. The petals of the
thallus, cut off from the part, are collected in a dense touch with a wavy spin. The surface is greenish-gray in
color, with a large number of isidiums formed on the periphery. Apothecia of black-brown color is formed in
a raised form on a set or short-term leg. The middle part of the thallus is whitish, loose, formed by filaments.
There are many pycnidis in the form of black spots, spread all over their thallus.

\
£ '
» = = -
20kV X2,000 10pm 0001 1055 25Pa 20kV X2,500 10pm 0001 10 57 25Pa

b) c)

Figure 10. a) Parmeliaconspersa; b) Section of the apothecary thallus; ¢) Reflection offsidiaformed in groups

10. Parmeliaceae—Parmelia vagans—Ilichen has been identified as an epigeal Species that grows in re-
search areas. The meeting is high. The thallus is loosely arranged on a deciduous substrate, with dichoto-
mous or dorsoventrally branched marginal edges wrapped in a tube andformed by the edges pointing down-
wards. The surface of the thallus is yellowish-green, the surface is smooth. Soredium, isidium, and
apotheosis do not exist.

= F LSRR -l N
50um 0001 1468 31Pa

x40 500um 0001 1465 36Pa

b)

Figure 11. a)/Parmelia vagans; b) Sectionof the edges of the thallus;
c) Manifestation of the anatomical structure of the thallus

11. Parmeliaceae—Parmeliasulcata—indiffent (in the bark of a stone and woody plant), very rare, leaf-
shaped lichen with sliced edges. Tightly attached to the substrate, the upper surface of the thallus is bluish-
gray in color, arranged in groups. Docked apothecias are rarely formed. Soredia of whitish or greenish color
are located coveringithessurface of the thallus as a whole. Pycnidis are formed at the ends of the slicked edg-
es of the obtuse shape of the lichen thallus. Reproduction is carried out by pycnoconidiums.

20kV Xs50 500pm 0001 1465 33Pa 20kV X1,000 10pym 0001 14 65 32Pa

b) c)

Figure 12. a) Indiffent Parmeliasulcata, which grew scattered on the surface of the stone lichen;
b) Part of the lichen thallus with pycnidia formed along the edges;
c) Soredium appearance, formed as a whole in the surface part of the lichen thallus

The study examined 11 species of lichens growing in the region, combined into 6 genus in 5 families.
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Conclusion

Identification of lichen species settled in the mountains of Abraly (49°10N 77°25E), Kokentau
(Semeytau) (50°10N 79°43E), Kalbatau (49°22N 81°29'30E) and Chingistau (48°52N 79°15E), occupying the
eastern part of the Kazakhs hills, belonging to the territory of Abay region, along with the determination of
guantitative indicators and covering projects, environmental and biological features were considered.

Of the 11 species, united in 5 identified families, 6 genus, 9 were identified as epilytic lichens growing
on the surface of the stone, one species as epigeal, and one species as indifferent (settled on different
substrates).

It was found that despite the remoteness of the Abraly, Kokentau (Semeytau), Kalbatau and Chingistau
mountains, belonging to the eastern small hills and low mountains of the Kazakhs, lichen species Verrucaria
nigrescens, Caloplaca decipiens, Lecanora allophana, Lecanora frustulosa, Parmelia tominii, Parmelia
conspersa grow in all mountains. According to the Drude scale, the species Parmelia sulcata,»Caloplaca
viridirufa, Acarospora chlorophana, Placolecanora alphoplaca were attributed to lichens that,are small in
number and have a very low incidence.
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Ka3akTbIH ycak Tay IIOKbLIAPBIHBIH «IIBIFbIC/OOJHTTHIE)
6CeTiH KbIHA TYPJIEPiH 3epTTey

Kasipri ke3eHzeri WHIYCTPUSHBIH KapKbIHIBI JaMybl, 3HSH/ABI KaJIABIK 3aLTapiblH YHIHAICIHIH apTysl, ipi
eNfiMEeKeHAepAiH Taiga Oomysl >koHE T.0. AHTPOMOTEeHAIK (AKTOPIAPABIH ocepiepi IYHHEXY3iHIe
KIMMAaTTBIH e3repyiH Tyrei3yga. OcbFaH OaiaHBICTBl aTMOC(HEpanblK BUIFAIIBIH a3alobl ILIeJI JKOHE
NIeJICHTTI aliMakTapbIH KOJeMiHIH apTybIHA dcepi :KOFapbl eKeHIr 6enridmi. YKorapeina atanraH xahaHIbIK
e3repicrep, xep OeTiHIer1 Tipi OpraHu3Mepre TIKeIEH acep €Te OTHIPBIN, Ke3 KelreH (aopa MeH (ayHaHBIH
TYPJIK KypaMblH e3repicTepre ymbiparansl. OcbklFaH Opai, Kas3ipri yakpITTa FalbIMAAPABIH JKEPriTiKTi
(opanarel TyblHAAFaH TaOMFH e3repicTepre epekine KoHLT eyl KaKeT. 3epTTey KYMBICBIHIA KepriTiKTi
¢mopanslH  Herisri Oip OemiriH KypaWTBHIH, « @pTypyi Omompaapaa KOHBICTAaHFAH, ©3iHIH KYPBUIBIC
epeKIIeTKTepiMEeH CBIPTKBI OPTaHBIH KIMMATTHIK O3EEPICTEPIHE TO3IMII KbIHA TYpIEpi 3epTTey OOBEKTici
perinne kapactoipsuiabl. CoHFBI KbUTAapAa Ka3akcTaHHBIR oCciMaiKTep (iiopackiHa ColKec, IMXESHOIOTHSIIBIK
JKapusUIaHFaH FRUIBIMU 3epTTeyepae Oenril Oip xepepae oceTiH TYpiepaiH OMOTOTHSIIBIK epeKIIeNiKTepi,
SKOJIOTHUSICHI XKOHE MHAMKAIVSIIAya KONIaHyFa OaiaHBICTHI JepeKTepAi KesaecTipyre Oomansl. Ka3akTeiH
yCaK Tay HIOKBUIBIPBIHBIH «IIBIFbIC OMiFiHe» skataThiH llIbHFbIcTay, Kanbaray, Kekenray xxoHe AGpaibt
TaylapbIHBIH (DIopacklHAa Ke34ECeTiH, KbIHA TYpPIepiH KAMTHUTHIH HAKTBUIBI 3€PTTEY >KYMBICTAPHI JKOK.
3epTTey KYMBICBIHA 3epPTTEY QOBEKTICI peTiH/e KapacThIPBUIFAH LIBIFBICTHIH YCaK Tay IIOKbUIAPHI PETiHIE
XKaIIbl aTayMeH Oepiiren, saynap Oip-OipiHeH anbiC KAIUBIKTBHIKTAa OpPHANACKAHIBIKTAH TYDPJIK KypambIHa
0aiIaHBICTEl CANBICTBIPMANBL, TYPAENTANAay >KacalblHABL. bapibelk ycak IMOKBUIBI TayldapJa ©cCeTiH 5
TYKBIMZIACKA KATaThIH,OyEyBICKa, OipikTipinreH 11 Typ aHBIKTaIIBL.

Kinm co30ep: Ka3aKThIH Ycak MIOKBUIAPHI, SMIHTTI KbIHAIAP, SMUTCHI KbHANAp, HHANG(EHTTI KbIHAIAp,
Hpyne nikanacsl

©. K. XKymanuszosa, b.M. Cunsibaea, XX.T. bykabaesa,
H.C. Kynan6aeBa, A.H. Anyap6ekoBa

N3yvyeHue BUIOB JIUIIANHUKOB,
NMPOU3PACTAIINX B «KBOCTOYHON yacT» Ka3zaxckux MeJIK0CONOYHUKOB

JuHamMu4YHOE pa3BUTHE MPOMBIIIICHHOCTH HA COBPEMEHHOM 3Talle, yBEIMYCHUE KOJIUYECTBA BPEIHBIX OTXO-
JIOB, TIOSIBJICHHE KPYITHBIX HACEIEHHBIX ITyHKTOB M, B TOM YHCIIE, BO3JIEHCTBHE aHTPOIIOTCHHBIX (DaKTOPOB
BBI3BIBACT M3MEHEHHE KIIMMaTa BO BCEM MHpE. B CBS3M € 9THM H3BECTHO, YTO YMEHbIICHHE aTMOC(epHOn
BJIaTH OKa3bIBaeT OOJbBIIOE BIHMSHIE HA YBEIWYEHHE Pa3MEPOB ITyCTHIHHBIX M MOTYITYCTHIHHBIX 30H. Bpimre-
YIIOMSTHYTBIE TII00aIbHBIE H3MEHEHHSI, OKa3bIBasi HEMOCPEICTBEHHOE BIMSHIE HA )KUBBIE OPTaHU3MBI HA 3eM-
Jie, BBI3BIBAIOT M3MEHEHHsI BUIOBOTO cOCTaBa J1t000i ¢Gopsl 1 ¢ayHbl. B cBsi3u ¢ 3THM B HacTosIiee Bpems
Y4YEHBIM HEO0OXOIHMMO YJIENATh 0C000€ BHUMAHHE €CTECTBEHHBIM M3MEHEHHSM, MPOHCXOSIIMM B MECTHON
¢mope. B nccienosatensckoit paboTe 0OBEKTOM HCCIICIOBAHMS pacCMaTPHBAINCH BUJBI JIMIIAHHMKA, CO-
CTaBJIAIOLIME OCHOBHYIO YaCTh MECTHOM (hI0pbI, 0OUTAIOIINE B PA3IMYHBIX OMOMaX, YyCTOHYHMBBIC K KJIMMAaTHU-
YEeCKHM M3MEHEHHUSIM BHEIIHEH cpelibl, CO CBOMMH OCOOEHHOCTSIMU CTpPOEHHs. B mocnenHue rojisl, COrimacHo
¢mope pactenmii Kasaxcrana, B JIMXEHOJOTHYECKH OIyOIMKOBAaHHBIX HAayYHBIX HCCIIEIOBAHMSIX MOXKHO
BCTPETHUTH JaHHBIE, CBA3aHHBIE C OMOJIOTHUECKUMU OCOOEHHOCTSIMHU, SKOJIOTHEH M HCTOIb30BaHUEM B MH/IU-
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KallMM BUAOB, IIPOU3PACTAIOIINX B ONpPENEeNCHHBIX MecTaXx. HeT KOHKPETHBIX HCCIICIOBAHUH, BKIIIOYAIOIINX
BUJIBI INIIAHIKA, BcTpevaronuecs Bo daope rop Adpansl, Unarucray, Kandaray, Kokenray, oTHOCSIIXCSt
K MEJIKOMY TOPHOMY XpeOTy BocToka. B uccienoBaTenbckoit paboTe ObUT IPOBECH CPAaBHUTEIBLHBINA aHAH3,
CBSI3aHHBINA C BHJIOBBIM COCTAaBOM, ITIOCKOJIBKY TOpBI, Ha3BaHHBIE OOIIMM Ha3BaHHEM KaK HEOOJNbIINE TOpPHbIE
XOJIMBI BOCTOKA, pacCMaTpHBaeMbIe KaK OOBEKT UCCIICIOBAHMS, PACIIOIOKEHBI Ha OOJIBIIOM PACCTOSTHUH APYT
ot apyra. beuto naenTuduposano 11 BUI0B, 00BETUHEHHBIX B 7 pOIOB, MPUHAUICKAIINX K 5 ceMelcTBaM,
MPOHM3PACTAIOIIUM BO BCEX HEOOIBIINX XOJIMHUCTBIX TOpax.

Kniouesvie cnosa: Kazaxckue MEITKOCOIOYHHKY, STMINTHBIC JTUIIAHHNKY, SMUTeHHBIE THIIANHIKYA, HHANQ-
(eHTHBIE THITaiHNKY, Kana pyne
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