Recent avifaunistic analysis in the floodplains of the Kara Yertis (Black Irtysh) and Yertis river in the Pavlodar region

ornithocomplex composition, making the territory
more attractive for nesting shorebirds [20].

The shallowing of the Yertis River bed in
the second decade of the 21st century led to a
deterioration in the habitat conditions of birds in the
floodplain area between Oskemen and the Shulbinsk
reservoirs [21]. Increased exploitation of the coastal
zone, associated with the development of residential
and non-residential buildings, construction of
recreational facilities, grazing of livestock, and
active use of the river water area by small vessels,
increases the level of disturbance among nesting
birds. An additional factor reducing the water level
in the Yertis River is an increase in water intake
upstream of the river [22].

The processes of aridization, gaining relevance
since the end of the 20th century, together with
global climate change and the level of climate
continentality, lead to changes in the phenological
timing of bird migrations [23]. For several birds,
trends in the timing of spring arrival and the
beginning of breeding have been described [24]. For
certain semi-aquatic bird species, the inability of the

species to adapt to the changing timing of the spring
season is indicated as the reason for the decline in
numbers [25].

In  anthropogenic landscapes, significant
changes in the species composition of birds are
often associated with significant changes in the
biotope. For example, in the city of Pavlodar over
the past five decades, its green zone adjacent to the
Yertis River has shrunk by five times. Of the 38
bird species that previously lived in this area, only 7
remain today [26].

Results and Discussion

Sites and Routes

Favorable weather conditions were exploited
for supplementary bird counts, resulting in a total
of 27 route surveys, exceeding the initially planned
14. The morning route surveys covered an average
distance of 5.15 kilometers, with an average duration
of 3 hours and 32 minutes.

Below are maps of sites, routes 1 and 2 in each
profile are indicated in orange, route 3 is in yellow.

Site 1

Site 2

Site 3

Figure 1 — Bird survey routes on Sites of the first Model Area
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The Figure 2 shows the routes of bird counts on
the sites of the Yertis River of the Pavlodar region.
Orange indicates routes 1 and 2 in each site, yellow
indicates route 3.

Avifauna of Yertis River

Based on the outcomes of field studies
conducted in the two model areas, the habitats
of a total of 127 bird species were identified, as
detailed in Table 2. These species span 16 different
orders. Specifically, within the floodplain of the
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Kara Yertis, observations revealed the presence
of 74 bird species representing 11 distinct orders.
Individual profile analyses further specified the
habitat range for each profile, ranging from 39 to
52 bird species.

In the Yertis River in Pavlodar region, a diverse
avian community was documented, encompassing
103 bird species across 15 orders. Individual profile
assessments provided amore granular understanding,
identifying habitat preferences for each profile with
species counts ranging from 44 to 64.
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Figure 2 — Bird survey routes on Sites of the second Model Area (Yertis River in Pavlodar region), May — June 2023

Table 2 — The avifauna species richness in the model areas of the Yertis River Basin during May-June 2023

Number of Species
Order name ) Yertis River in Total Species
Kara Yertis Pavlodar region
Podicepediformes Grebes - 4 4

Pelecaniformes Pelicans - 1 1

Ciconiiformes Storks - 2 2

Anseriformes Waterfowl 6 12 12
Falconiformes Birds of Prey 7 6 9
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Table continuation

Number of Species
Order name ) Yertis River in Total Species
Kara Yertis Pavlodar region
Galliformes Fowl-like birds 1 1
Gruiformes Cranes 1 3 4
Charadriiformes Shorebirds 8 13 14
Pterocletiformes Sandgrouse - 1 1
Columbiformes Pigeons and doves 3 2 4
Cuculiformes Cuckoos - 1 1
Strigiformes Owls 1 - 1
Apodiformes Swifts 1 1 1
Coraciiformes Kingfishers 2 1 2
Piciformes Woodpeckers 1 2 2
Passeriformes Passerines 43 53 67
Total: 74 103 127

We identified six Red Book listed bird species,
constituting 4.7% of the total bird count [27]. These
species include the Whooper swan (Cygnus cygnus)
recorded in 6 out of 7 sites, White-tailed eagle
(Haliaeetus albicilla) appearing in sites 1, 3 and
6, Peregrine falcon (Falco peregrinus) observed in
site 2, Common crane (Grus grus) noted in the 7th
site, Demoiselle crane (Grus virgo) documented in
the 2nd site, and Pallas’s sandgrouse (Syrrhaptes
paradoxus) identified in the 7th site.

Game birds, as defined by the approved rules
[28], constitute a total of 19 species, representing
15.0% of'the overall bird species list. These include
the following species: Ruddy shelduck (Tadorna
ferruginea), Common  shelduck (7Tadorna
tadorna), Mallard (Anas platyrhynchos), Gadwall
(Mareca strepera), Eurasian wigeon (Mareca
penelope), Northern pintail (4Anas acuta),
Garganey (Spatula querquedula), Northern
shoveler (Spatula clypeata), Common goldeneye

(Bucephala  clangula), Smew  (Mergellus
albellus), Common quail (Coturnix coturnix),
Pheasant  (Phasianus  colchicus), Northern

lapwing (Vanellus vanellus), Ruff (Philomachus
pugnax), Common snipe (Gallinago gallinago),
Woodpigeon (Columba palumbus), Rock pigeon
(Columba livia), Turtle dove (Streptopelia turtur),
and Oriental dove (Streptopelia orientalis) (see
Appendix, Figure 3).

To deepen the examination of avifauna, an
analysis was conducted using data retrieved from
the Global Biodiversity Information Facility (GBIF)
database [28], encompassing bird observations
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spanning the period from 2010 to 2022. It is
noteworthy that the dataset for the territory of the
Republic of Kazakhstan is conspicuously less
extensive within the GBIF compared to observations
from neighboring countries.

Birds of Kara Yertis

During the fieldwork conducted in the Kara
Yertis region, a total of 74 bird species were
discovered. The most numerous species encountered
in the Kara Yertis region include the Hume’s leaf
warbler (Phylloscopus humei), Common nightingale
(Luscinia megarhynchos), Azure tit (Cyanistes
cyanus), Great tit (Parus major), and Chaffinch
(Fringilla coelebs). These species inhabit riparian
thickets and nest both in woody vegetation and in
steppe and desert landscapes, actively utilizing
the water resources of the river. Red Book species
include the White-tailed eagle, Peregrine falcon,
Demoiselle crane. In the GBIF database, the bird
species listed above are listed for adjacent territories,
but are not observed directly in the Kara Yertis
floodplain.

Birds of Pavlodar region’s Yertis

According to GBIF, there are records of 119
bird species in this area. The potential emergence
of 100 additional species is conceivable. However,
due to the absence of observations, the exact count
of breeding bird species cannot be ascertained.
Notably, 47% of the total identified breeding species
were discovered in 2023, and 87% from the entire
potential breeding species list.
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The most numerous bird species in the Pavlodar
region’s Yertis include the Skylark (4lauda arvensis),
Tree pipit (Anthus trivialis), Golden Oriole (Oriolus
oriolus), Booted warbler (Iduna caligata), Common
whitethroat (Curruca communis), Greenish warbler
(Phylloscopus trochiloides), Common rosefinch
(Carpodacus erythrinus).

Compared to the Kara Yertis, the higher moisture
levels in the Pavlodar region’s Yertis attract a greater
variety of steppe bird species. The presence of thickets
also facilitates the breeding of woody and shrub species.

Among the rare species, it is noteworthy to
highlight the Yellow-breasted Bunting the global
abundance of which has significantly declined in
recent years [29]. The reasons for the decline in
the species’ numbers remain poorly understood.
However, we have identified a relatively high
density of these species (10-53 individuals/km?) in
this region.

As a result of our work, we calculated the
population density indicators for each species,
which are presented in Table 3.

Table 3 — Population density of bird species (individuals/km?) in the model areas of the Yertis River basin, May — June 2023

Areas
Species Kara Yertis Pavlodar region’s Yertis

1 EE s | s | s | 7
Order Podicepediformes
Tachybaptus ruficollis (Pallas, 1764) 0 0 0 0 0 0,21 0
Podiceps nigricollis C.L. Brehm, 1831 0 0 0 0 0 0,82
Podiceps auritus L., 1758 0 0 0 0 0 0,21
Podiceps cristatus (L., 1758) 0 0 0 0 0 0 0,46
Order Suliformes
Phalacrocorax carbo (L., 1758) 0 o | o | w8 | o [ o [ o003
Order Ciconiiformes
Botaurus stellaris (L., 1758) 0 0 0 0 0 0,42 0,38
Ardea cinerea L.,1758 0 0 0 0 0 0 0,01
Order Anseriformes
Cygnus cygnus L.,1758" 0 0 0 0 0 0,14 0,28
Tadorna ferruginea (Pallas, 1764)! 0,66 0,27 3,15 0 0,03 0 0
Tadorna tadorna L.,1758'! 0 0 0 0 0 0,02 0
Anas platyrhynchos L.,1758! 0,06 0,71 0,11 4,99 1,67 0,03 5,54
Anas strepera L.,1758 ! 0 0,02 0 2,63 8,81 4,86 1,19
Anas penelope L.,1758! 0 0 0 0,10 0 0 0
Anas acuta L., 1758! 0 0 0 0,11 0 0 0
Anas querquedula L.,1758! 0 0 1,04 6,11 1,30 2,83 2,08
Anas clypeata L.,1758! 0,08 0,04 1,66 3,44 5,01 0 0
Aythya ferina L., 17581 0 0 0 0 0 0,35 0
Bucephala clangula L., 1758 0,23 0 0,17 0 0,61 0,21 0
Mergus albellus L., 1758" 0 0 0 0 0 0,49 3,58
Order Falconiformes
Milvus migrans Boddaert, 1783 2,17 0,71 1,12 0,46 0,68 0,01 0,05
Circus cyaneus L., 1766 0 0 0,64 0 0 0 0
Circus aeruginosus L., 1758 0 0 0 0 0 0 0,02
Accipiter nisus L., 1758 0 0 0,37 0 0 0
Buteo buteo L., 1758 0,05 0 0 0 0 0 0
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Table continuation

Areas
Species Kara Yertis Pavlodar region’s Yertis

1 2 3 4 5 6 7
Haliaeetus albicilla L., 1758 " 0,60 0,01 0,53 0 0 0,14 0
Falco peregrinus Tunstall, 1771 0 0,02 0 0 0 0 0
Falco subbuteo L., 1758 0,20 0,72 0,84 0,77 0,02 0,88 0,05
Falco tinnunculus L., 1758 0,57 0,03 0,51 0,01 0,01 0
Order Galliformes
Coturnix coturnix L., 1758 0 0 0 0,39 3,92 1,88 7,93
Phasianus colchicus L., 1758! 1,50 4,56 0,41 0 0 0 0
Order Gruiformes
Grus grus L., 1758 0 0 0 0 0 0 0,01
Anthropoides virgo L., 1758V 0 0,01 0 0 0 0 0
Porzana porzana L., 1766 0 0 0 0 0 0,14
Crex crex L., 1758 0 0 0 0 0 0,35
Order Charadriiformes
Charadrius dubius Scopoli, 1786 0,56 0,28 0 0 0,62 0 0
Vanellus vanellus L., 1758' 0 0,02 0,01 0 0 0,18 0,05
Himantopus himantopus L., 1758 0 0 0 0 0,07 0
Haematopus ostralegus L., 1758 0,05 0 0 0 0,02 0,56 0
Actitis hypoleucos L., 1758 0,03 0 0 0 0 0 0
Philomachus pugnax L., 1758! 0 0 0 0 0 0 0,13
Gallinago gallinago L., 1758! 0 0 0 0 0 1,12 1,90
Larus minutus Pallas, 1776 0 0 0 0 0 0 0,01
Larus ridibundus L., 1766 0,04 1,56 0 0,03 0,03 0,44 0,07
Larus heuglini Bree, 1876 0 0 0 0,02 0 0,01 0,17
Larus cachinnans Pallas, 1811 0 0,01 0 0,02 0,01 0,68 0,01
Chlidonias leucopterus Temminck, 1815 0,02 1,04 0,02 0 0 0,87 0,44
Sterna hirundo L.,1758 0,05 0,05 0,04 0,08 0,03 0,93 0,04
Sterna albifrons Pallas, 1764 0 0 0 0 0,01 0 0
Order Pterocletiformes
Syrrhaptes paradoxus Pallas, 17731V o | o | o | o | o o | 009
Order Columbiformes
Columba palumbus L., 1758! 0 0 0,15
Columba livia Gmelin, 1789! 0 0,15 0
Streptopelia turtur L., 1758! 0,03 0 0 0
Streptopelia orientalis Latham, 1790" 0,04 2,02 0,11 0,12 0,58 0,05 0
Order Cuculiformes
Cuculus canorus L., 1758 o | o | o | 256 | 453 | 112 | 365
Order Strigiformes
Otus scops L., 1758 o o | o | o | o o | o
Order Apodiformes
Apus apus L., 1758 o | o | oo | 048 [ o o | o

120




1.G. Frolov et al.

Table continuation

Areas
Species Kara Yertis Pavlodar region’s Yertis

1] 2 | 3 4 | s | 6 | 7
Order Coraciiformes
Alcedo atthis L., 1758 0 0,23 2,67 0 0 0
Merops apiaster L., 1758 0,01 0,05 0,02
Order Piciformes
Junx torquila L., 1758 0 0 0,52 0 0
Dryocopus martius L., 1758 433 0,66 0 0,21 0,19
Order Passeriformes
Riparia riparia L., 1758 0 0 0,15 0 8,03 2,08 0
Hirundo rustica L., 1758 5,63 0 0,78 9,08 0,11 0,02 0
Melanocorypha yeltoniensis J.R. Forster, 1768 0 0 0 0 0 0 0,19
Alauda arvensis L., 1758 2,26 1,51 0,50 5,46 17,40 10,86 3,27
Anthus campestris L., 1758 2,31 0,72 2,46 0 1,24 0 0
Anthus trivialis L., 1758 0 0 0 9 9,66 5,12 17,31
Motacilla flava L., 1758 0 0 0 0,37 0 0,42 13,72
Motacilla citreola Pallas, 1776 0 0 0 0 0 0 1,09
Motacilla alba L., 1758 0 0 0 0 0 0 2,37
Motacilla personata Gould, 1861 0 0 1,25 0 0 0 0
Lanius cristatus L., 1758 0 1,04 0 0 0 0 0
Lanius collurio L., 1758 0 1,04 0 0 0 0,04 0
Lanius minor Gmelin, 1788 0 2,08 0 0 0 0 0
Oriolus oriolus L., 1758 1,88 7,36 3,43 2,58 498 6.9 1,55
Sturnus vulgaris L., 1758 0 1,61 0,41 0 0 0 0,03
Sturnus roseus L., 1758 0 0,04 1,54 0 0 0 0
Acridotheres tristis L., 1766 0 0 1,25 0 0 0 0
Pica pica L., 1758 0,23 4,28 0,02 0 0,31 0,14 0,02
Corvus monedula L., 1758 0 0 3,09 0,01 0 0 0
Corvus frugilegus L., 1758 0 0,05 0,03 0 0 0 0,5
Corvus corone L., 1758 0,60 10,32 11,99 0,38 0,37 0,07 6,69
Corvus cornix L., 1758 0 0 0 1,12 0,03 1,20 1,51
Cettia cetti Temminck, 1820 0 0 0 4,31 0 0,68 0
Locustella certhiola Pallas, 1811 0 0 0 0 1,85 0 0
Locustella naevia Boddaert, 1783 5 12,5 0 6,76 9,03 5,63 8,16
Acrocephalus schoenobaenus L., 1758 0 0 0 0 2,99 2,09 10,08
Acrocephalus dumetorum Blyth, 1849 12,31 14,73 4,64 2,50 15,60 0 0
Acrocephalus palustris Bechstein, 1798 0 0 0 4,35 2,99 0,70 13,54
Acrocephalus scirpaceus Hermann, 1804 0 0 0 1,45 0 0 0
Acrocephalus arundinaceus L., 1758 0 0 0 0 0 5,15 0
Hippolais icterina Vieillot, 1817 0 0 0 5,88 0 0 10,40
Hippolais caligata Lichtenstein, 1823 0 0 0 66,36 47,33 16,57 0,46
Sylvia atricapilla L., 1758 0 1,04 0 3,27 5,30 0 12,31
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Table continuation

Areas
Species Kara Yertis Pavlodar region’s Yertis

1 2 3 4 5 6 7
Sylvia communis Latham, 1787 5,20 2,85 0,02 40,98 58,83 26,94 4,40
Sylvia curruca L., 1758 0 0 0 7,41 16,13 14,21 1,42
Phylloscopus collybita Vieillot, 1817 0 3,51 0 16,17 0
Phylloscopus trochiloides Sund., 1837 5 5,40 19,39 52,14 0 2,94
Phylloscopus humei Brooks, 1878 21,75 14,51 7,37 7,60 0,02 0 2,51
Muscicapa striata Pallas, 1764 2,33 0 0 0 0 0 0
Saxicola torquata L., 1766 0 0 0 0 0 0 11,03
Monticola solitarius L., 1758 0 0 0,15 0 0 0 0
Phoenicurus phoenicurus L., 1758 0 0,32 0 1,82 0,60 0 0
Luscinia megarhynchos C.L. Brehm, 1831 16,89 6,10 16,51 0 0 0 0
Luscinia luscinia L., 1758 0 0 0 1,53 0 0 0
Luscinia svecica L., 1758 0 4,15 0 1,82 14,4 4,05 4,66
Turdus pilaris L., 1758 0,02 0 0 1,84 3,35 9,32 5,83
Turdus merula L., 1758 0 0 0,99 0 0 1,37 0,71
Turdus iliacus L., 1766 0,15 0 0 0 0 0 0
Turdus philomelos C.L. Brehm, 1831 0,65 0 1,92 1,45 0 0 0
Remiz pendulinus L., 1758 4,30 0 0 0 0 0 0,42
Remiz coronatus Severtzov, 1873 3,66 1,28 0 0 0 0 0
Parus caeruleus L., 1758 0 1,04 2,95 0 0 0 0
Parus cyanus Pallas, 1770 10,51 24,23 5,07 1,25 0 0 0
Parus major L., 1758 40,21 41,38 20,90 0,80 0,62 0,68 0
Sitta europaea L., 1758 0 0,68 0,99 0 0 0 0
Passer domesticus L., 1758 0 0 0,05 0 0 5,39 0,84
Passer montanus L., 1758 0 0 5,89 0 0 0 0
Fringilla coelebs L., 1758 39,18 41,11 13,21 1,15 19,59 18,19 9,17
Carduelis carduelis L., 1758 0 0 0 1,25 0 0 0
Carduelis caniceps Vigors, 1831 1,16 3,94 0 0 0 0 0
Acanthis cannabina L., 1758 0 5,7 1 1,45 2,99 0 0
Carpodacus erythrinus Pallas, 1770 0 5,69 0 35,19 34,71 6,57 4,89
Uragus sibiricus Pallas, 1773 0 0 0 0 0 5,39 0,84
Emberiza citrinella L., 1758 0 0 0 0 0 0 1,92
Emberiza schoeniclus L., 1758 0 0 0 0,73 0 0 0,98
Emberiza aureola Pallas, 1773 0 0 0 0 2,46 23,57 21,06
Emberiza hortulana L., 1758 0 0 0 1,09 0 0 1,01
Total 39 52 48 53 47 58 63

Note* — Roman numerals indicate status categories of bird species according to the Red Book of the Republic of Kazakhstan:
I — endangered or possibly already extinct, IT — catastrophically declining, III — rare, found in small numbers, IV — uncertain

(insufficiently studied) [Red Book, 2010]; 1 — hunting and commercial bird species [28].
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During field studies of the avifauna of the
Kara Yertis floodplain in 2023, 74 species of birds
were identified, which is 54.0% of the total list of
137 species presented in the work of Berezovikov
[16] for this area. In contrast to the 2004 data, the
2023 observations revealed the inability to detect
several Red Book species, including the Great
white pelican (Pelecanus onocrotalus), Dalmatian
pelican (Pelecanus crispus), Eurasian spoonbill
(Platalea leucorodia), Black stork (Ciconia nigra),
Swan goose (Anser cygnoides), White-headed
duck (Oxyura leucocephala), Osprey (Pandion
haliaetus), Booted eagle (Hieraaetus pennatus),
Great bustard (Otis tarda), Yellow-eyed pigeon
(Columba eversmanni), and Eurasian eagle-owl
(Bubo bubo).

It is significant to highlight species with
uncertain nesting status in 2004 Berezovikov, but
confirmed in 2023, such as the Common buzzard
(Buteo buteo), Pheasant, Eurasian scops owl
(Otus scops), Blyth’s reed warbler (Acrocephalus
dumetorum), and Fieldfare (Turdus pilaris). The
verification of their presence allows for a definitive
identification of their habitat within the floodplain of
the Kara Yertis.

Of the six bird species previously recorded
Berezovikov in Kara Yertis (Peregrine falcon,
Pallas’s fish eagle, White-headed duck, Whiskered
tern, Merlin, Crested lark), we found only the
Peregrine falcon.

In 2023, we discovered 25 species in Kara Yertis,
which are not previously recorded by Berezovikov
in 2004. These include the Hen harrier (Circus
cyaneus), Peregrine falcon, Rock pigeon, Collared
Dove (Streptopelia decaocto), Black Swift (Apus
apus), Brown shrike (Lanius cristatus), Rosy Starling
(Pastor roseus), Common Myna (Acridotheres
tristis), Grasshopper Warbler (Locustella naevia),
Blackcap (Sylvia atricapilla), Greenish Warbler,
Hume’s leaf warbler, Spotted flycatcher (Muscicapa
striata), Blue rock thrush (Monticola solitarius),
Common redstart (Phoenicurus phoenicurus),
Blackbird (Turdus merula), Redwing (Turdus
iliacus), Song thrush (Turdus philomelos), Blue
tit (Cyanistes caeruleus), Eurasian Nuthatch (Sitta
europaea), Chaffinch (Fringilla coelebs), Common
linnet (Linaria cannabina), Common rosefinch (see
Figure 5).

The relatively high population density of the
Yellow-breasted bunting (Emberiza aureola)
indicating successful reproduction within the Yertis
River in the Pavlodar region in 2023 calls for
attention to the imperative of habitat protection for
this rare species, since this species has significantly
decreased trends in neighboring region and this area

if Yertis River may be an important reproduction
site for this bird [24].

Conclusion

In summarizing our comprehensive study
on the avifauna of the Yertis basin, we observed
considerable shifts in species compositions over
the past decades. Our survey documented a total
of 127 bird species, a testament to the region’s rich
ecological diversity. Notably, 6 of these species
are listed under the Red Book, highlighting their
conservation significance. In the Kara Yertis region,
we recorded 74 bird species, of which 25 were
documented for the first time. This reflects a dynamic
change in avifaunal diversity, possibly influenced
by environmental factors and human activities.

The hypothesis positing a decline in avifaunal
diversity, particularly among Red Book-listed
species, is partially supported. While we observed
a decrease in some Red Book species, the overall
avifaunal diversity has not diminished significantly.
The decline in certain Red Book species aligns with
our hypothesis, indicating the adverse impacts of
anthropogenic changes such as the construction of
hydroelectric power stations, reservoirs, and global
climate change. This observation is particularly
evident in the Kara Yertis region, where habitat
modifications have likely contributed to these shifts.

Conversely, the Pavlodar region’s Yertis, with
its lower human disturbance and varied biotopes,
exhibited a more diverse avifaunal community,
including 103 bird species. This underlines the
critical role of habitat preservation in maintaining
avian biodiversity.

Our findings underscore the importance of
ongoing monitoring and research to understand the
evolving dynamics of these ecosystems. The observed
changes call for a reevaluation and strengthening
of conservation strategies, particularly for the Red
Book-listed species, to mitigate the impacts of
anthropogenic and environmental changes. This study
contributes insights for the sustainable management
and conservation of avian populations in the Yertis
basin, highlighting the need for adaptive strategies in
the face of changing environmental conditions.
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MTOIM U NMEPCIMNEKTUBDI
OPHUTOAOTUYECKOTO MOHUTOPUHTA
B TOCYAAPCTBEHHOM MPUPOAHOM MAPKE
«KOACAM KOAAEPI»

MoHUTOPHMHI pa3HOOOPA3Ms M UUCAEHHOCTM MTULL MMeeT OOAbLIOE MPAKTUUECKOe 3HauyeHue
M Hay4HbIn uHTepec. B cTaTbe NpeACTaBAEHbl pe3yAbTaTbl M3yueHWs MTWL Ha TeppuTopun
[0CYyAQpPCTBEHHOTO HALMOHAABHOIO TMPUPOAHOrO rmnapka «KeAcam KeAAepi», PacrnoAOXKEHHOro B
CeBepHom TaHb-LLlaHe. MprBeaeHbl AaHHbIE MO XapaKTepy pacrnpeAeAeHus U UYMCAeHHOCTU 81 Buaa
ntuu. B pesyabTate npoBeaeHHbix B 2022-2023 rr. MCCAEAOBAHMI BbISIBAEHO, UTO B 3TM ABA roaa
UYMCAEHHOCTb TaKMX BMAOB MTWL, Kak ropHas Tpsicoryska Motacilla cinerea, 3eaenas nenouka Phyl-
loscopus trochiloides, ceaoroaoeas ropuxsoctka Phoenicurus caeruleocephalus, aAposaa aepsiobl Tur-
dus viscivorus 1 koHonasHkM Acanthis cannabina 6biana CTabUAbHOM, @ Y OCTaAbHbIX — MOABEP>KEHA
KoAebaHMsSIM. BOAbILMHCTBO obuTaTeAenn BOAHO-GOAOTHBIX YrOAMIA M36eralT BCTPeY C YEAOBEKOM,
OAHaKO Ha TepputopmM napka orapu Tadorna ferruginea He GOSIAMCb YeAOBEKA M BbiNpallMBaAK
KopMm. MocelleHne pa3HooOpasHbiX GUOTOMOB M PAOHOB MO3BOAMAO AOMOAHWUTH CMMCOK MTULL MapkKa
BCTPEYaMM HOBbIX BMAOB TaKMX, Kak 00Abwwon GakaaH Phalacrocorax carbo, umMpok-cBuMcTyHOK Anas
crecca, cepbint xypaeab Grus grus, Abicyxa Fulica atra, ubuc Vanellus vanellus n xoayaoununk Himan-
topus himantopus, noATBepAMTbL rHe3A0BaHMe 60AbLLIONM Bbinv Botaurus stellaris n kambiwnmusr Galli-
nula chloropus. 'He3aoBaHMe AbiCyxu 1 unMbuca Brnepeble oTMedeHo B ropax CesepHoro TsHb-LLans. B
MeCTax COCPEAOTOUEHUS TYPUCTOB U UX MPOXXMBAHMS B KEMIMMHIAX M IOPTAX YBEAMUMAACH YUCAEHHOCTb
kopuwyHa Milvus migrans, cusoro roay6s Columba livia, maint Acridotheres tristis, copok Pica pica u
yepHbIx BopoH Corvus corone. 13 BUAOB, BHeceHHbIX B KpacHyto KHury KasaxcraHa, oTMeueHbl cepblit
>kypaBab, 3meesip Circaetus gallicus 1 opea-kapamk Hieraaetus pennatus.

KatoueBble caoBa: ntuubl, CeBepHblii TsaHb-LLlaHb, ropbl, HaUMOHAAbHbIA MPUPOAHbBIA MapK,
UMCAEHHOCTb, Pa3HOO6pasne, aHTPOMOreHHOEe BAUSIHUE.

E.S. Chalikova', S.Kh. Zaripova'", A.Zh. Abaev?, B.B. Arynov?

Republican state enterprise with the right of economic management “Institute of Zoology” of the Science
Committee of the Ministry of Science and Higher Education of the Republic of Kazakhstan, Kazakhstan, Almaty
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Results and prospects of ornithological monitoring
in the State Natural Park “Kolsay Kolderi”

Monitoring the diversity and location of birds is of great practical importance and scientific interest.
This manuscript presents the results of a study of birds carried out in 2022-2023 on the territory of the
State National Natural Park “Kolsay Kolderi”, located in the Northern Tien Shan. 81 species of birds has
been identified and data on the distribution are provided as obtained results of these investigations. The
study showed that in these two years, the abundance of such birds as the Grey Wagtail Motacilla cine-
rea, Greenish Warbler Phylloscopus trochiloides, Blue-headed Redstart Phoenicurus caeruleocephalus,
Mistle Thrush Turdus viscivorus and Linnet Acanthis cannabina were stable, and the rests there were
fluctuating fluctuations. Most inhabitants of wetlands avoid encounters with humans, but in the park,
Ruddy Shelduck Tadorna ferruginea was not afraid of humans and begged for food. Visits to various bio-
topes and areas made it possible to supplement the list of birds in the park with encounters of new spe-
cies such as the great Cormorant Phalacrocorax carbo, Green-winged Teal Anas crecca, Common Crane
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Htorn n TNEPCIEKTHUBBI OPHUTOJIOTMIECKOIO MOHUTOPUHTA B rOCyIIapCTBeHHOM MIPUPOJHOM IMapKe «Kemcait Kennepi»

Grus grus, Coot Fulica atra, Lapwing Vanellus vanellus and Black-winged Stilt Himantopus himantopus,
and confirm the nesting of Bittern Botaurus stellaris and Moorhen Gallinula chloropus. Nesting of coot
and lapwing was recorded for the first time in the mountains of the Northern Tien Shan. In places where
tourists are concentrated and live in campsites and yurts, the number of Black Kites Milvus migrans, Rock
Dove Columba livia, Common Mynahs Acridotheres tristis, Magpies Pica pica and Carrion crows Corvus
corone has increased. Of the species included in the Red Book of Kazakhstan, the Common Crane Grus
grus, the Short-toed Eagle Circaetus gallicus and the Booted Eagle Hieraaetus pennatus are recorded.

Key words: birds, Northern Tien Shan, mountains, national natural park, numbers, diversity, anthro-
pogenic impact.
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«KeAcai keapepi» MemaekeTTiK TabuFu napkiHAeri
OPHUTOAOTUSIABIK, MOHUTOPUHI HATHXKEAEPi MeH GoAaLLaFbl

KycTapAbiH 9pTYPAIAIri MeH KenTiriH 6akblAayAblH MPAKTUKAAbIK, MaHbI3bl >KOHE FbIAbIMM
KbI3bIFYLWbIAbIFbI 30p. Makaaaaa CoaTycTik TaHb-LLlaHbaa opHarackaH «<KeAcain Keaaepi» MEMAEKETTIK
YATTbIK, TaOMFU MapKiHiH aymarbiHAQFbl KYCTapAbl 3epTTey HaTvxkeAepi OepiareH. 81 KyC TypiHiH
TapaAy cunaTtbl MeH KeMTiri TypaAbl aepekTep KeATipiAreH. 2022-2023 K. 6TKE3IAreH 3epTTeyAep
HOTUXKECIHAE, OCbl €Ki XXbIAAA KEAECi KyCTapAbIH Tay wwakuakaibl Motacilla cinerea, »kacbiA capbikac
Phylloscopus trochiloides, 6036ac otkynpbik, Phoenicurus caeruleocephalus, kbiFbiaTna carpak, Turdus
viscivorus »eHe woHarnHak, Acanthis cannabina caHbl e3repmeai, aa 6ackasap aybiTKyAapFa yllblpanAbl.
CyAbl-6aTnakTbl >KEPAEPAIH TYPFbIHAAPbIHbIH, KOMLWIAIri apaMAApPMEH KE3AECYAeH Kallaabl, Oipak,
casibakTa capblarakas Tadorna ferruginea anamaapaAaH KOpbIKMan, KOPbIKTbl CypaAbl. TypAi 6roTonTap
MEH anmakTapfa 6apy HaTMXeciHAe casbakTarbl KyCTapAblH Ti3iMiH YAKEH cyKy3fbiHbl Phalacrocorax
carbo, bicbiAAaK, yperen Anas crecca, cyp TbhipHa Grus grus, kackaaaak, Fulica atra, kbisebiw Vanellus
vanellus >xeHe y3biHCcupak, 6aAlbikwbl Himantopus himantopus crskTbl kaHa TYPAEPAIH Ke3AecyimeH
TOABIKTbIPYFa MYMKIHAIK 6EpAi, YAKEH KeAbOyKaHbIH Botaurus stellaris xxeHe Kbi3biAKacka cyTapTapAblH
Gallinula chloropus ysinaraHbiH pactaabl. COATYCTiK TaHb-LLaHb TayAapbiHAQ aAfall peT KaCKaAAak,
MeH KbI3FbILWTbIH VS CaAybl TIpKeAAL. TYprCTep Ker LOFbIPAAHFaH XXeHe KEMIMUHITEP MEH KUi3 yiAepAe
TypaTbiH >KepAepAe Kapa KeskynpbikTbiH Milvus migrans, kek kentepaid, Columba livia, capbixaraa
Kapartopranabit Acridotheres tristis, cayckaHHbiH Pica pica xxeHe kapa kapraHbiH Corvus corone catbl
eckeH. KasakcTaHHbIH Kbi3bIA KiTabblHa eHreH TypaepAeH cyp ThipHa Grus grus, >KblAaH>Keriw OypKiT
Circaetus gallicus >xaHe 6akaATak 6ypkiT Hieraaetus pennatus ke3aecTi.

Ty#in ce3aep: kyctap, CoaTycTik TaHb-LLlaHb, Tayaap, YATTbIK Tabuen napk, caHAap, 8pTYPAIAIK,
AQHTPOMOreHAiK acep

BBenenue

[Itume! — caMblii pa3HOOOPA3HEI Kacc Ha3eM-
HBIX TI03BOHOYHBIX. OHH SBJISIOTCS BIUATCIBHBIMU
YJIeHAMU KOCHCTEM M BBIMOJHSIOT pa3HOOOpas3HbIe
aKocucTeMHbie ycryru [1-3]. PazHooOpasue nTwil
3aBUCUT OT HAJIMYUS M COCTOSHHS CCTECTBEHHBIX
9KOCHCTEM, arpojaHAmadToOB ¥ aHTPONOT€HHOI'O
BO3JICHCTBHs B MecTax oOutanus [4, 5]. Bozmeii-
CTBHE YEJIOBEKa IMOBCEMECTHO MPHUBOIUT K (par-
MEHTAIINH, Jerpajallii U HAPYIICHUI0 MECT O0U-
TaHUS TTHII, TTO3TOMY TTHIIbI SBISIOTCS OAHUM U3
XOPOIINX IKOJIOTMYECKUX HHIUKATOPOB COCTOSTHUSA
3KocHucTeM [6-8].

OnHOM M3 OCHOBHBIX 333y 3alOBEHUKOB U
HaIlMOHANBHBIX MapkoB Kaszaxcrtana siBisercs co-
XPaHEHHUE €CTECTBEHHBIX SKOCUCTEM U MOHUTOPHUHT
MPOUCXOISIIIMX B HUX U3MeHeHui. Ha nepBom sTa-
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1e MPOBOAMTCS MHBEHTapu3alus (ayHbl, 3aTeM
MPOBOJIUTCSL KOJMYECTBEHHBIH YYET OTIEIbHBIX
BUI0B. PecmyOimnkaHcKkoe TOCy/lIapCTBEHHOE Yd-
pexxaenue ['ocyaapcTBeHHBIH HAIMOHAIBHBIA MPH-
ponubrit mapk (I'HIIIT) «Kemcait xemnepi» cozmax
B 2007 r. mocranosnenueM lIpaButensctBa Pecrry-
omuku Kazaxcran ot 07 despanst 2007 roga Ne 88
B CeeproM Tsmb-1llane (xpeber Kynreit Anaray)
Ha Tepputopun Kerenckoro u Tanrapckoro paiio-
HOB AJIMaTWHCKOM oOmactu. Ero mnenbro sBisercs
COXpaHEHNE W BOCCTAHOBJICHNE YHHUKAIBHBIX IPH-
POIHBIX KOMIUIEKCOB, UMEIOIIUX OCOOYIO 9KOJIOTH-
YEeCKY0, HCTOPUYECKYI0, HAyYHYI0, ICTETHYECKYIO
M pEeKpeanruoHHyI0 IIEHHOCTh, W OOecTieueHne HuX
JlaJbHENIIee pa3BUTHE.

B HacTositiee Bpemst Ha TEPPUTOPUU MTapKa Be-
JTyTCSl MHBEHTapU3aIIMOHHBIC NCCIICIOBAHNS, HAPaB-
HE C KOTOPBIMH HEOOXOAUMO CIICAUTH 32 H3MECHEHH-
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SIMH YHUCIICHHOCTH OOBEKTOB OXxpaHbl. Tem Oomee
3TO aKTyaJbHO MPHU €KEroJHOM HapacTaHW! TIOTO-
Ka TYPHUCTOB, YHCIO KOTOPBIX B IIPUPOJTHOM TapKe
«Kerncail kenmepi» TpEeBHIIIaET TaKOBOE BO BCEX
BMECTE B3STHIX 3allOBEAHMKAX M HAI[MOHAIBHBIX
napkax Kaszaxcrana. KonmuuecTBeHHBIH ydeT HE0O-
XOIUM JUIsl BBIACHEHUS W3MEHEHUH YUCICHHOCTU
¥ COOTHOIIEHUS PAa3INIHBIX BUAOB B COOOIIECTBAX
B pe3yibTaTe W3MEHEHUH okpyxaromeil cpeabl. K
COKaJICHUIO, B OOJIBIIMHCTBE CIIy4aeB OH OTpaHH-
YUBAETCS CIEKEHUEM 32 YHCICHHOCTHIO TOJIBKO He-
KOTOPBIX OXOTHUYBE-TIPOMBICIIOBBIX BUIOB JKUBOT-
HbIX. OJTHAKO MEXTYHAPOIHBIA OMBIT MTOKA3hIBAET,
YTO MHTEPECHBIC PE3YIHTATHl MOXKHO TOJNYYHUTh U
M0 IPYTUM BUJAM, B YaCTHOCTH 10 nitumam [9-11].
IlepBoie cBeaenus o ntunax Kynreit Anaray B
Hagasie XX Beka coopan B.H. lllautaukos [12], a
B ero cepenune — M.H. Kopenos [13]. Ha Teppu-
TOPHUH HBIHE CYIIECTBYIOIIETO MapKa MaTepHAIIbI 110
opuutodayne cooupanu B 1968 r. A.®. Kosmaps u
I0.H. I'paues [1, 14], B 1978 r. b.l. Kyiiko [15], B
1977,1996 u 1999 rr. H.H. bepe3oBukos [16, 17], B
otnenbHbie Tobl — b.M. I'youn [18, 19] u O.B. be-
nsio [17, 20]. Ilocne opranu3anuu mapka cBeje-
Hus 1o opaATO(ayHe ¢ 2012 T. Ha ero TeppuUTOpUU
nmornotHMT A.JK. AGaeB BMecTe ¢ KoJlJleraMu, KOTO-

phle BRI 00o0maromnieit Monorpadueii [21] u o1-
JICJIbHBIMH Ty OJTMKAIMSIMK 110 MHTEPECHBIM BCTpE-
yaM U KPaCHOKHIDKHBIM BujaM ntull [20, 22].

B 2022-2023 rr. 66110 TIPOBEICHBI HAOTIOACHIS
3a pa3HoOOOpa3veM W YUCIEHHOCTBIO MTHIl HAa Tep-
puropuu I'HIIIT «Kesncaii kenpepi». B crarbe npen-
CTaBJICHBI TIOJYYCHHBIE PE3YIbTAThl B CPABHEHHUH C
JMAHHBIMH TPEIBITYIINX UCCICTOBAHUIA.

Marepuaibl 1 METOIBI CCIICTOBAHUS

[ToneBbie paboOTHI HA TEPPUTOPHUH MTAPKA TPOBE-
nenbl 17 — 19 mas, 13 — 14 aBrycra 2022 1. u 14-
17 uronst 2023 r. beum u3yuens! ymenss Tannel,
Komnbcaii, Carbl, KamanOynak, Kaunnel, moiima p.
Tay-Uunuk, a Takke MpeAropHas 4acTb CEBEPHBIX
ckionoB Kynreit Anaray (Pucynok 1 — Kapra-cxe-
Ma pailoHa UCClIeI0BaHUM C yKa3aHUEM MapLIPyTOB
yaeToB niTuIl). B paifone 03. Hmkuuit Konbcaii 3a-
JIOKWJIN JIBa MOHUTOPUHTOBBIX MapuIpyTa, Ha KOTO-
PBIX HEOOXOIUMO TPOBOJIUTH PETYISIPHBIC YYETHI.
Paiion 3axmagky MapIpyToB BEIOpaH HE CITy4aiHO,
MOCKOJIBKY 3TO 03ep0 KpPYTJIOrOAWYHO Haubojee
rnocemnaemMo TypucraMu. Kak 3To MOXXET MOBIUSAThH
Ha YKUBOTHBIN ¥ PACTUTEIIBHBIN MUP TTOKAXYT TOJb-
KO €KeroTHbIe HAOJIOACHHSL.

Pucynok 1 — Kapra-cxema pailioHa HcCII€IOBaHUH ¢ yKa3aHHEM MapIIPyTOB y4ETOB IITHIT

B paiione 03. Hmxuuii Konbcaii Obu10 3amosxe-
HBI 1Ba MOHUTOPUHTOBBIX MapUIpyTa, Ha KOTOPBIX
npoBezieHo 4 yuera nrtuil. Mapupyt 1 (Pucynox 1
— Kapra-cxema paiioHa uccieoBaHuil ¢ ykazaHueM
MapUIpyTOB yUYETOB ITHUI]) HAUMHAETCS OT aBTOMO-

OomnpHON cTossHKH oTens «Konbcaity (42.988879
c.m., 78.331421 B.1.), pacmooKeHHOTO Ha 3araj-
HOM CKJIOHE OJIHOMMEHHOTO YIIEJIbs, 10 KOTOPOIo
MIPOJIOKEHA TI0JIEBasi JOPOTa, BEIyIlas CepriaHTH-
HOM BHU3 TI0 YIIEITBIO 10 MOCTa Yepe3 pexy. Ha Bcem
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MPOTSKEHHUE JIopora HJIET 4epe3 MOXOBOM E€JIOBBIN
nec. IlepBoHauanbHO OH pa3pekeH W MOMUMO JIH-
CTBEHHBIX KYCTapHHKOB 10 00OYHMHAM JOpPOTH pa-
CTYT OTJENbHBIE KYCTBl apYOBOTO CTJIAHMKA, KOTO-
pHIii B OoJiee yBIIAXKHEHHBIX Y4acTKaxX JIyra CMEHSIET
moJisiHa ¢ 3apocisiMu WBHIL. Jlanee mopora mpoio-
JKEHa TI0 TYCTOMY €IIOBOMY JIeCy, Ha Pa3peKeHHBIX
ydacTKax KOTOpPOTO TMPOJOJKAeT BCTpeyaThbes ap-
YOBBIM CTJIaHWK. Ha TOJOrux IyroBBIX ydacTKax
MECTO T'YCTOTO Jieca 3aMEHSIET pa3peKeHHBIH MOJIO-
JIOM, HO KPYThI€ CKIIOHBI TaK YK€ MOKPBITHI CTAPBIMH
essiMi. OOOUYMHBI IOPOTH 3apPOCIU MBOM, )KUMOJIO-
CTBIO U g010HeH. Elie HiKe eJIOBBIi JIeC CTAHOBUT-
cs 6osee pa3peKeHHBIM, a Ha TOJIOTUX y4acTKax
TPYNIIIaMHA PACIIOIOKEHBI UCKYCCTBEHHBIE MTOCAIKH
Monoaeix eneil. B xonme mapmpyta (43.006630
c.ar., 78.339968 B.1.) mopora BeAET HA KAMEHHUCTOE
LIMPOKOE JHO YIIENbs, 3apOcCIlee B/10JIb PEKH UBOI,
00JIeTMX0H, OCHHOM, YKIMOJIOCTRIO U OapOaprcoM.
Mecramu BIIOJIb CKJIOHA Ha THO YIIENbsl CITyCKa-
FOTCSI €ITh, o0pa3ys BMECTE C OCHHOHW HeOOoJbIINe
pouunpl. [IporsikenHocTs MapuipyTa 3.9 kM, nua-
ma3oH BeICOT OT 1750 1o 1920 M Hax ypoBHEM MOpSI.
[loneBass nopora, Mo KOTOPOH OH MPOJIOKEH Halle
WCTIONIB3YeTCSd aBTOMOOWIISIMA BBICOKOW IPOXOJIH-
MOCTH, Y€M TICIIUMHU ¥ KOHHBIMU TYPUCTaMHU.

MapuipyT 2 pacroyiokeH Ha BOCTOYHOM CKJIO-
He yul. Komnbcaii. IlepBoHauyalbHO OT aBTOMO-
OWIBHON CTOSHKH OH HIET 1O acaibTHOW I0-
pore (42.994852 c.m1., 78.326574 B.1.), a OImKe K
CKJIOHY TIpH CITyCKe K jJiaM0Oe Ha o3epe, MepexoauT
B moseByro. OKpauHa JIOPOTH TOKPHITA KyCTapHU-
KOM: KHMOJIOCTh, TaBOJITA, IIUIOBHUK, KPYIIUHA,
Oapbapuc u psiOuHA. Brilie 1o CKIOHY CKalbHUK,
KOTOPBIA MECTaMHU 3apocC €JIbl0, a TI0J] HUM PacIio-
JIOKWIIMCh HEOOJIbIINe poIny OcHHEL. [lamee mopo-
ra IepexoauT B TPOITy, UAYIIYIO TO BBEPX, TO BHU3
Bronb 03. Konbcail. KycTapHuku mnpencTaBieHbl
TEMH K€ BHJIaMH, BBIIIE 110 CKJIOHY CKaJlbl MOKPbI-
THI €JIbI0, HI)KE HEOOJbINE OTKPBIThIE TYXKalKN U
OCBINH, Oeper o3epa 3apoc OCHHOH H einblo. [lanee
CKaJIbl CMEHSIOT JIYT C PEIKUMHU KyCTapHUKaMH, ap-
YOBBIN CTJIAHUK C APEIPOii, eIOBBIN JIEC CTAHOBUT-
Csl TYIIE W TPOIa CITyCKaeTcs K peKe, BIajaromien
B 03epo. Baonbp Hee MBOBBIN Tyrai, a 4yTh BBIIIE
I10 CKJIOHY PacTyT psiOnHa, OCHHA U eIlb (42.976117,
78.319933). IIpoTsKeHHOCTh MapLIpyTa COCTaBIIsI-
et 2.2 kM, nepemnanasl BeIcoT 1820-1890 M. IlepBas
4acTh MapluIpyTa MPOXOAUT MUMO KOTTeIKEH, Kade
Y TIPUBSI3U JIOMIa/ieH, UCTIONB3yEeMbIX IS KaTaHWS
TYpUCTOB. B cBeTioe BpeMsi CyTOK MOTOK JIFOJEH K
03epy 1 00paTHO HECKOHYAEM: IO TPOTIe UX MEHb-
1€, HO OTMEUYEHBI KOHHBIE TPYIIIIHL.
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Ha mapripyTe nTHIl YYUTBIBATH MO CTaHIAPT-
HOW METOJIMKE, a BHE MapuipyTa — IO TSATUMH-
HYTHBIM OTpe3kaM BpemeHnH [1, 9, 23]. Bo Bpems
YYETOB JISl BCEX BCTPEUYCHHBIX IITHII OTMEYajcs
pamuyc mepBoro OOHAPYKEHHsI, UX KOJMYECTBO U
0COOCHHOCTH OOHApPY)XEHUSI — IEHHUE, I'OJI0C, «CH-
JISIIasy, B MoJieTe U T. 1. [Ipu npoBeIcHUH Y4ETOB
JIETaIbHO OMHCHIBAJIMCH MECTA WX MIPOBEJICHHS: THIT
9KOCUCTEMBI, peiibed, CTereHh KAMEHHCTOCTH, pac-
TUTEIBLHOCTb, CTENEHb €€ MOKPBHITUS W TOTOJHBIC
ycnoBus. YUCIIEHHOCTh BHJIa OLICHUBAIACH YUCIIOM
ocobeil, BCTpeueHHBIX B TeueHUe vaca (oc./dac). B
2022 r. nposeaeHo 123 u B 2023 — 227 takux yuéra.
Jlnst HaOnroieHuit UCToIb30Baliu OMHOKIL 8 X 30.
C paspelieHus: COTPYTHHUKOB HAIIMOHAIBHOTO Tap-
Ka B CTaTbe TaK)Ke HMCIOJIb30BaHbl HanOOJIee HTE-
pECHBbIC Pe3yNbTaThl UX HAONIOJCHNUH 32 ITUIIAMH B
2023 r.

Pe3y.]'leaT]>I HCCJICJOBAHUA U UX 06cym11elme

3a mepuon WccIeIOBaHUN COOpaHbl JaHHBIE
[I0 XapaKTepy paclpenesieHusi U YUCIEHHOCTH §1
Buaa ntui. IITuiel, B oTIn4Me OT APYTHX KUBOT-
HBIX, JIOCTATOYHO MOOWIJIBHBI, MMOCKOJIBKY CBOOOJ-
HO TEepeJIeTaloT ¢ OJHOr0 MecTa Ha apyroe. OgHu
BHJBI TIPUCIIOCAONINBAIOTCSA K KU3HHU PSIAOM C dUe-
JIOBEKOM, APYTHe MOKHIAIOT TaKUe PaioHbI, Mpe-
MOYNTAas KUTh B YEIWHEHHBIX MecTax [24-26]. Ha
KOPOTKOM IIPOMEKYTKE BPEMEHH HaM yJanochk yoe-
uThCs B 3ToM. OcoOEHHO 3aMeTHBI H3MEHEHUS pa3-
HOOOpa3us U MoBeIeHHs NTHL B HanboJIee rmocemia-
eMBIX TYpHCTAaMH MECTaX, IJie YHCICHHOCTh MTHII,
MUTAIOLIMXCS MUIIEBBIMU OTOpocamMu, pacteT. Tak
B paiione 03. Komnbcaii B 2022 r. nepxainocs 6, a B
2023 r. — 8 cusbix ronyoeit (Columba livia), cooT-
BETCTBEHHO 3 U 9 maiiH (Acridotheres tristis), 12 u 9
copoxk (Pica pica), 21 u 22 gyepHbix BopoH (Corvus
corone). U3BecTHO, 4TO uepHBId KopiuyH (Milvus
migrans) OOBIYHO KOPMHTCS Ha MYCOPHBIX CBaJ-
kax. B 2022 r. ero B paiione o3epa He HaOIIOJaTH, B
2023 r. 3mech mepikalioch He MeHee Tpex ocoOeit. B
TOKe BpeMs Ha 03. KanHpl, TJie IOTOK TYpHCTOB HE
MEHBIIHH, HO HET BPEMEHHBIX U ITOCTOSIHHBIX MECT
MpOXKUBaHMS 4esloBeKa, B aBrycre 2022 r. Bce 3TH
BUABl OTCYTCTBOBAJIHM, 3a WCKJIIOUYEHHEM BCTpEYU
OJIMHOYHOM YepHoi BopoHbI. KopuryH Obu1 MHOTO-
YHCJICH U PSIJIOM C HACEJICHHBIMU MyHKTaMH. TOJb-
ko B 2022 r. on otmeueH 17 u 19 mas y c. Koknex
(2 m 1 nrumen), B . Cater (1); 17, 18, 19 masg u 13
aBrycTa MeXy MocjaeIHuM cenoM M yil. Konbcait
(9,1, 6 u 1), 18 masg no moiime p. Tay-Umnmk (2),
19 mast — B yctbe p. Konbceait (2), mexxay c. Catel u
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c. KapaOymnak, c. Kapabynak u c. XKanamam (1o 1).
B 2023 r gucno BcTped ObT0 MeHbIIEe — 16 HIOHS
c. Catsr (1) 1 omHOMMEHHOE yIienbe — 16-17 utoHs
(o 3).

[IpucmocoOuiics K KU3HH PSAIOM C YEIIOBEKOM
orapb (Tadorna ferruginea). Ha 03. Konbcait 17-18
Mast 2022 1. 3TH NTUIBI U30ETaTH BCTPEY C JIFOIbMH,
npsiyachk B 3apocisix. B 2022 r. Bce mTULBI NpsiTa-
JIUCh, XOTS YACIO 0COOEH B ATOT W MOCIEAYIOTHIA
roJi Ha o3epe ObUIO CTAOMJILHO — COOTBETCTBEHHO
11 u 13. Ho yxe 15-16 utons 2023 r. ogHa u3 nap
BBINPAIIKBAia KOPM Y JIIOJCH, MPOIUIBIBAIOIINX B
nonkax. [lepBoHa4ambHO TOAIIIBLT CaMell, 3aTeM
caMmKa, KoTopasi, yOeJUBIIUCH B OTCYTCTBUH OIlac-
HOCTH, Io3Bajia 6 nTeHUoB. [ITHLbI mOAIIIBIBAIN K
K0 JIoJiKe, He 0o0sich yelioBeka. J[pyras mapa
TIPH TTOSIBIICHUH JIFOJIEH YBea yTAT B 3aPOCIIH.

Ha meHpmmx mo pasmepaM BOAoOeMax W IpH
MEHBIIIEH aHTPOIMOreHHON HAarpy3Ke YHCIIO MTHI]
He noctosiHHO. Ha Bojoxpanwnuie Catel 15 mas
2022 r. mepkamoch He MeHee 22 ocobei (B3poc-
nble ¢ nteHuamu), a 14 uronst 2023 r. — Bcero 10.
Omnako ypoBeHb BOAel B 2023 r. OBII 3aMETHO
HIDKE. MHOTOYHMCICHHOCTBIO NTHL MOPAa3Hio 03.
TampIpcas, pacronokeHHOe Ha BRIPOBHEHHOU Tep-
pace mexay ymenbsimu Komnscait u Kopmetsl. Bona
3[Iech COOMpAeTcsl B TIEPHOJ CHETOTasIHbS M K KOH-
Iy JeTa UCHapsercsi, HO U1 OKPY’KaIOIIEro 03e-
PO TUIOTHOHM CTEHOM TPOCTHHKA €€, MO-BUAUMOMY,
xBaTaeT. HecMOTpsi Ha HE3HAYUTENHHYIO TUIOMIAIb
o3epa, 14 utons 2023 1. Ha BOJHOW MOBEPXHOCTU
Y HA JIyrax BOKPYT HETO JIEep’KalIHuCh 22 B3POCIBIX
orapst u 6onee 50 ytaT. J[Ba mociemHUX BomoeMa
HAXOJASTCS Ha TPaHUIIE MapKa, ¥ B UX OKPECTHO-
CTSIX Yallle BCTPEYaeTCsl JOMAIIHUKM CKOT, HEKEIN
yenoBek. KpsikBa (Anas platyrhynchos) moka Toxe
n3beraer yenoBeka. B mae 2022 r. Ha 03. Konbcait
HabOmonanmm caMky ¢ 8 yrsaramu (12 aBrycra — 12
oco0eif), KoTOpasl ellle W3Jalu, 3aBUJCB JIIOJCH,
ckpbliack. 14 urons 2023 r. 351ech JieprxKanach JUIb
onHa B3pocias nrtuua. Ha Bomoxpanmnuine CaTbl
KpsikBa ObuTa 00b19HA B 2022 1 HEMHOTOYHCIICHHA B
2023 rr. (10 u 3 cooTBeTcTBEeHHO). Ha 03. TambIpcas
B 2023 r. BUIeTH OBYX B3pOCHBIX U 12 yTAT. 31eCh
JKe BCTpeTHH JbIcyXy (Fulica atra) — 4 B3pocibie
NTUIIBI ¥ 7 ITEHIOB (BEPOSITHO, B BBIBOAKE UX OOJIb-
nre), a taxke napy uubucos (Vanellus vanellus).
Cyns 1Mo moBeIeHUI0 YHOWCOB, Y HUX TOXKE OBLIH
NTEHIBL. 26 Masi B paliloHe o3epa HaOIonau mnapy
ceprIx xypasien (Grus grus) ¢ ITeHIoM. BeTpeua
B ropax Ha THE3/I0BaHWH TIEPBBIX JIBYX BUJIOB YHH-
KaJibHa, TIOCKOJIbKY B Ka3zaxcTaHcKoi gactu Cesep-

Horo Tsmp-1lans uxX BCTpeyanu JUILL HA IPOJIeTe
WM Ha THE3JIOBAHUU B MIPETrOPhsX, & VIS TPETHEro
— THE3JI0BaHKE U3BECTHO TOJIBKO Ui 03. Ty3K0Jb B
Hentpansaom Tsup-lllane [26]. Ynupka-cBUCTyHKA
(Anas crecca) Tax ke He OTMEYAU HA THE3/IOBAaHUN
B ropax Kazaxcrana, a B mapke — gake Ha MpoJieTe.
Ha o3. Konbcaii mapy ocobeit u camky Buzenu 15,
16 utonst 2023 1., mpuYeM MOCHETHSS IPUACPIKUBA-
J1ach OJTHOTO MECTA, YTO YKa3hIBAET HA BEPOSITHOCTh
HAXOXKJICHUs TaMm THe3ga. Ha BoxoxpaHWmuie
Carbl 17 urons 2023 r. 3aMeTHIA TPOJETAIOLIETO
oosbinoro 6axana (Phalacrocorax carbo), a Ha p.
Tay-Uunuk Hanpotus ¢. CaTbl 4 utons 2023 r. — xo-
nynounuka (Himantopus himantopus). 9T0 TiepBbIe
BCTpEUH BUIOB Ha TeppuUTOpHH mapka. Kpome toro,
kampimanna (Gallinula chloropus) Oblna u3BecTHA
Kak 3aJIeTHBIN BUJL, a 15 masg 2022 r. B3pochyto NTU-
1y ¢ 4 nreHnaMu (BO3MOKHO OOJblIe) BUACIH Ha
Bomoxpanwmiie Catel. Tam xe, HO 17 mrons 2023
T. CIBIIIAIU BBIb (Botaurus stellaris), koTopast Be-
POSITHO 371€Ch THE3INIACh. ITOMY CIIOCOOCTBOBAIH
OOIIMpPHBIE 3apOCIM TPOCTHHKA, pa3poclIMecs Ha
MeJKOBOJIbe. PaHee rHe3oBaHNE BUIa B 3TOM paii-
OHE TOJIBKO Mpemnoaranocs [21].

VYdeTsl NTUI] HA MapUIpyTax MPOBEACHBI B pa3-
Hoe BpeMs: Ha mapuipyte 1 — 13 aBrycra 2022 r.
u 15 wmions 2023 r., na mapupyte 2 — 17, 18 mas
2022 r. u 16 utonsa 2023 r. B nepBsIii rox Ha yuyetax
BcTpeueHo 33, Bo BTopoi — 38, a Bcero 48 BUI0OB
ntull. X oTHOCHTENbHAs YUCIEHHOCTh B OTH JIBa
rojia okasanack rnocrossHHon — 47.2 u 47.5 oc./4ac.
JlaHHBIE O BCTPEYAEMOCTH Pa3IMYHBIX BUJIOB MTHII
npe/cTaBiicHbl B Tabauie. OTHOCUTENILHO CTaOUIIb-
HOM YHCIIEHHOCTh ObIJIa JIUIIb Y 6 BUIOB: TYCKIIOH
3apHUYKH, 1eps0bl, TOPHON OBCSIHKH, TOPHOW Tpsi-
COTY3KH, CEJIOTOJIOBOM TOPUXBOCTKH M KOHOTUISTHKA
(tabmuua 1). B 2022 r. BcTpeyaeMOCTh ObLIA BBIIIIS
y 11 BunoB no cpaBuenuro ¢ 2023 r. B 2023 r. no
CPaBHEHHUIO C MpPENUIECTBYIOUINM TOJIOM BO3pOC-
7a 9uciaeHHocTh 4 BunoB. Ciemyromune BHIBI, I10-
BUAMMOMY, B yiI. Konbcaii THe3sTCS IeprHoanye-
CKU: TIEpPETENATHUK, MEPEeBO3YNK, OOBIKHOBEHHAsS
KYKYILKa, TPEXMaJbIi IATel, IECHOM KOHEK, CaB-
Ka-3aBHPYIIKa, OOBIKHOBEHHBIH CBEPYOK, apyo-
Basl YyeueBHUIIA M NpOcAHKa. Takue BUABI Kak (a3an
(Phasianus colchicus), OOBIKHOBEHHAsI ITyCTENIbra
(Falco tinnunculus), 4epHblii cTpyx (Apus apus),
CKaJlbHAas JIacTouka (Ptyonoprogne rupestris), po30-
BBII cKkBOpen (Sturnus roseus), albIIAACKasl rajika
(Pyrrhocorax graculus) m OOBIKHOBEHHBIN BOPOH
(Corvus corax), oTMEUeHHBIC Ha y4eTax, 3TOT pai-
OH TTOCEIIAIOT JUIIb Ha KOUEBKaX.
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Ta6auna 1 — Berpewaemocts nrun Ha Tepputopun I'HITIT «Kencait kemuepi»

HasBanue BuoB 2012 r, o Hamm nannsie (oc./49ac) TenneHus
TpuBuanapHOE Hayunoe AanHbM [20] 2022t 2023 M3MEHEHHIT
MEPEBO3YHK Actitis hypoleucos 0 0.1 0 ?
0oIbIas Topanna Streptopelia orientalis + 0.4 2.7 1
(azan Phasianus colchicus + + +
OOBIKHOBEHHAs! KyKyIIIKa Cuculus canorus 0.1 1
TpeXHabli AiTel Picoides tridactylus 0 0.1 T
YerI0K Falco subbuteo + 1.0 0.1 l
OOBIKHOBEHHaAsI ITyCTEIIbra Falco tinnunculus + + ?
HepenessITHUK Actitis hypoleucos 0.2 0 l
TyCKJIast 3apHUYKa Phylloscopus humei 2.3 2.6 stable
nepsada Turdus viscivorus + 0.9 0.8 stable
YepHBIN apo31 Turdus merula 0.9 0.1 !
TOpHasi OBCSHKA Emberiza cia + 0.7 0.7 stable
MPOCSIHKA Emberiza calandra 0.1 ?
JKEITYHAsT OBCSIHKA Emberiza bruniceps + + + l
TOpHast TPSICOTY3Ka Motacilla cinerea 0.5 0.5 stable
CeIIoTOJIOBasi TOPUXBOCTKA | Phoenicurus caeruleocephalus + 0.4 0.5 stable
KOHOIUISTHKA Acanthis cannabina + 0.4 0.3 stable
MOCKOBKa Parus ater + 3.9 0.3 1
Oernast 1a30peBKa Parus cyanus + 1.8 0.7 !
MHANICKAs IEHOYKa Phylloscopus griseolus 2.0 0.2 !
3eNeHas IeHOYKa Phylloscopus trochiloides 9.0 2.6 l
JKENITOTOJIOBBII KOPOJIEK Regulus regulus 0.5 0.1 !
OOBIKHOBEHHBIH CBEPYOK Locustella naevia 0.1 0 ?
KPaCHOLIAMIOYHBIN BHIOPOK Serinus pusillus 4.0 1.8 !
cepast ciaBKa Sylvia communis 2.8 1.8 !
TOpHas CIaBKa Sylvia althaea 1.0 0.5 !
CJ1aBKa-3aBHpYIIKa Sylvia curruca 0 0.3 )
KEIPOBKa Nucifraga caryocatactes 0.6 0.3 !
O0OBIKHOBEHHASI YCUCBUIIA Carpodacus erythrinus 2.8 8.1 i
ap4oBas YeueBuIa Carpodacus rhodochlamys 0 0.3 i
CE/IOTOJIOBBIH MIETOJ Carduelis caniceps + 0 3.0 i
cepasi MyX0JIOBKa Muscicapa striata 0 0.5 i
JIECHOH KOHEK Anthus trivialis 0 0.1 ?
YEepHBIH CTPIK Apus apus + + + l
CKaJIbHas JIACTOYKa Ptyonoprogne rupestris + + ?
PO30BBII CKBOpeL] Sturnus roseus + + ?
aJbITUICKas Tanka Pyrrhocorax graculus + + ?
0OBIKHOBCHHBIN BOPOH Corvus corax + + 1
YyepHas BOPOHA Corvus corone + + ?
rajka Corvus monedula + + ?
TypPKECTaHCKHH JKyTaH Lanius phoenicuroides 0 0 ?
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TIpooonacenue mabauyvl

Ha3zBanwue Bug0B 2012 1, o Hamm nannsie (oc./9ac) Tennenuus

TpusuanbHOE Hayunoe nauHbiM [20] 2022 r. 2023 r. H3MCHEHHUIA
OOBIKHOBEHHAS OJISITIKA Cinclus cinclus + + + ?
YEepHOTOJIOBBIH YeKaH Saxicola torquata + + + 1

— YUCJICHHOCTh CTa0MIbHA

IIpumeuanue: + — Buja oOHapyKeH, ? — TEHASHLUS HE ICHA, | — YUCIEHHOCTh yBEJINUHIIACH, | — YHCIEHHOCTh YMEHBIINIIACH, Stable

Cpasuenue nomydeHHsix Hamu B 2022 12023 1.
Pe3ybTATOB C AaHHBIMHU B HAa4aJbHBIH TIEPHOA Op-
raHu3allMd HaluuoHanbHOro mapka [20] mo3Bonu-
JIO BBISIBUTh M3MEHEHHS B COCTaBE W YMCICHHOCTH
nTull. B jecHslx OmoTomax, KyjAa BKIIOYEHBI JIH-
CTBEHHBIE M XBOWHBIE Jieca, U B TOT, U JIPYTOH Tie-
pro GOHOBBIMHU BUAMH SIBUIINCH 3€JICHas! TICHOUKA
(cootBetcTBeHHO 8.3 M 9.3%, OT BceX BCTPEUEHHBIX
NTHUI]), OOBIKHOBeHHast 4eueBnna (8.7 u 6.1%) u
ceporonoBelii meron (7.2 u 4.7%). B nocneannii
NepuoJ B UX YUCIO BOILIA M 4yepHas BopoHa (2.1
u 6.8%), KoTopas TeEepBOHAYAIBHO ObLIa JIUIIb
o0bruHa. K gnciy oObIYHBIX BHIOB OTHECEHBI Kpac-
Homano4yHsli Beropok (1.2 u 3.5%), cepast cnaBka
(2.3 u 3.1%), 60ompmas ropauna (1.3 u 2.4%) u xo-
HOIUIIHKA (Acanthis cannabina, 2.1 n 1.0). Eciu B
2012 r. 0OBIYHBIMH BHJIAMH cuuTamu derioka (1.1
u 0.6%), xkeaposky (1.5 u 0.5%), cemoronoByto ro-
puxBocTKy (1.8 u 0.5%), KenTorosoBoro Kopoib-
ka (1.2 u 0.3%) u Typkectanckoro xynana (Lanius
phoenicuroides, 1.3 u 0.2%), To B 2022-2023 1T.
OHU OBLIM JIMIIb HEMHOTOYUCICHHBI U JIAXKE pej-
k. Ho B mocienHuii mepuoj; 0OBIYHBI — MOCKOBKA
(Parus ater, 2.0 %), 6enas nazopeBka (1.9%), neps-
0a (1.5%), ropuas cnaBka (Sylvia althaea) v ropHas
oBcsHKa (1m0 1.1%).

Ha pexax u o3epax B 2012 r. orapb ObI1 00BIUCH
(4.0%), B 2022-2023 rr. — muorouuciieH (7.0%),
ropHast Tpsicory3ka — o0bruHa (2.4 u 1.9), 00BIK-
HOBEHHas oJisinka — o0bpraHa 1 penka (1.6 m 0.2%).
B ckanax u oOpbIBax B NMEPBBIH M BTOPOH MEPUONT
0OBIYeH YepHBIl cTpuXk (Apus apus, 8.0 u 3.9%) n
ranka (Corvus monedula, 3.4 n 4.5%), oObIYHBI U
pelKu Ha Jyrax — 4epHOTOJIOBBIN uekaH (Saxicola
torquata, 1.2 n 0.3%) u xxemuHas oBcssHka (Emberiza
bruniceps, 1.0 u 0.2%).

B nepunoa Hammx HaOII0ACHUH IPU MOCEIEHUH
JIPYTHX PaiOHOB TapKa COCTOSUIMCH BCTPEYH H C
pEeIKMMU BUJIaMH IITHI, KOTOpbIE BHECEHBI B Kpac-
Hyto kaury Kazaxcrana [27]. 9T0, mpexe BCero ce-
PBIN )KypaBIlb, 0 KOTOPOM COOOIIIEHO BBIIIE, 3MEesiT
(Circaetus gallicus) — onuHouka BcTpeueHa 17 mas

2022 r. y c. Kananam, u open-kapnuk (Hieraaetus
pennatus) — 16 uronst 2023 1. mapa Kpy>kKuia B paiio-
He Bogoxpanuuina CaTsl.

[Tomy4yeHHble MaHHBIE MMOKA3aJiH, YTO PAa3HOO-
Opaswe W YHUCIEHHOCTh MTHUI[ Ha TEPPUTOPUU Ha-
[IHOHAJLHOTO TMapKa MEHAIOTCSA. 3MeHeHHs BU-
JIOBOTO COCTaBa U YWCJICHHOCTH TOMYJISIUN TTHII
OTMEUYEHBI Ha 0CO00 OXpaHSIEMBIX TEPPUTOPHSIX
B pazNMYHBIX pernoHax mupa [8, 10, 11, 25, 26].
[IpuumHON STOTO SBISAIOTCS KaK €CTECTBEHHBIC
(HamM9IMe WIN OTCYTCTBHE KOPMOBBIX OOBEKTOB,
YPOKaHOCTh NIEPEBhEB U KYCTAPHUKOB, KIUMa-
TUYECKUN W BOJHBIA PEKUM, MEKBUIOBBIC OTHO-
EeHUus W T.JA.), TAK U aHTPOMOTEHHbIE (DAKTOPHI
(u3MeHeHHe OHMOTONOB, MPSIMOE YHHUYTOXKCHHUE,
0ecrnoKOCTBO, KOpMIIEHUE U T.1.) [24-26, 28]. 1o-
HSATb MPUYUHBI IPOUCXOISIINX U3MEHEHUIN TOMO-
TYT JIMIIb PEryJIipHbIE MOHUTOPUHTOBBIC UCCIIC]O-
BaHus. C 3TOH LEJIbI0 Ha 3aJI0KEHHBIX B palloHe
03. Kousibcail 1ByX MOHUTOPUHIOBBIX MapLIpyTaXx,
HEO0OXOMMO TTPOJIOJIKUTH MPOBOJIUTH YUETHI ITHII
€XKEeTOAHO B TEpHOJ THE3OBaHUS (Mal-HIONb).
Y4uThIBaTh NTHUIl HA HUX JOJIKEH YeOBEK, 00Jia-
JIAIOIIUH CTIeIIMAIbHBIMU 3HAHUSIMU, OTINYAFOIIHIA
BHJIBI IPYT OT JIpyTa Kak MO BHEITHEMY BH]Y, TaK
10 T0JIOCaM U TIOBE/ICHHUIO.

3akaoueHne

Habmonenus 2022 u 2023 rr. mokasanad, 4TO
HapacTaHUE W CHIDKCHHE YHCIICHHOCTH BHIA 3aBHU-
CAT OT AQHTPOIIOTEHHBIX (PAKTOPOB, YPOBHS BOJIbI B
pekax U o3epax. ITO B MEPBYIO OUEpEIb KacaeTcs
MITHII, TIEPEIIeANINX Ha MMATaHUE OTOPOCAMH KHU3-
HEJCATSIIPHOCTH 4YeJIOBeKa W BHJOB, CBSA3AHHBIX
C BOJIHO-OONIOTHBIME YrojbsiMu. [locemenue pas-
HOOOpa3HBIX OMOTOIOB M PaliOHOB ITO3BOJIHIIO JO-
MOJIHUTH CITMUCOK IITHUII TAPKA BCTPEUAMHU HOBBIX JJIs
ATOW TEPPUTOPHH BHJIOB: OOJBIION OaKiIaH, YHPOK-
CBHCTYHOK, CEpBIH KypaBib, JIbICYXa, YHOUC, XOIY-
JIOYHUK, W TTOITBEPAUTH THE3/I0BAHUE KAMBIIITHUIIBI
U BBIIIH.

133



Htorn n TNEPCIEKTHUBBI OPHUTOJIOTMIECKOIO MOHUTOPUHTA B rOCyIIapCTBeHHOM MIPUPOJHOM IMapKe «Kecait Kennepi»

BaaropapHocTn

Asmopbl uckpenne NPUHAMeENIbHbl COMPYOHU-
xam I'ocyoapcmeenno2o HAYUOHANLHO2O NPUPOO-
nolll napk «Kencail kendepiy, okazasuwium nomousb
60 8peMsl IKCNEOUYUOHHBIX 8ble3008 U 8 cOope UH-
Gopmayuu no nmuyam.

HcTouHuk (pMHAHCHMPOBAHUS

Paboma evinoanena no npoexmy BRI18574058
«Paspabomka Kpacrnotl knueu scusomuvix Kazax-
CMAaHa u 31eKMpPOHHOU 0a3bl OAHHBIX NO DPEeOKUM
U ucuezalowuM HCUBGOMHbIMY. DuHanCUpOsaHue
npedocmaeieno Munucmepcmeom HayKu u gvicule-

20 obpazoeanus Pecnybnuxu Kazaxcman 6 pamrax
npoepammHo-yeneso2o unarncuposanus na 2022-
2024 20001

Jluteparypa

1.  Kosmapp A.®. [Ituus Taus-Ulass. T. 1. — Anvatsr, 2019. — 376 c.

2. Paulsch D., Moller-Hohenstein K. Bird species distribution along an altitudinal gradient in southern Equador and its
functional relationships with vegetation structure/ E. Beck, J. Bendix, 1. Kottke, F. Makeschin, R. Mosandl (Eds.), Gradients in a
Tropical Mountain Ecosystem of Ecuador, Springer, Berlin Heidelberg (2008), pp. 149-156

3. Whelan C.J., Wenny D.G, Marquis R.J. (2008) Ecosystem services provided by birds Annals of the New York. Academy
of Science, 1134:1, pp. 25-60 doi.org/10.1196/annals.1439.003

4. Moning, C., & Miiller, J. (2008). Environmental key factors and their thresholds for the avifauna of temperate montane
forests. Forest Ecology and Management, 256(5), 1198-1208. https://doi.org/10.1016/j.foreco.2008.06.018

5. Bregman, T. P., Sekercioglu, C. H., & Tobias, J. A. (2014). Global patterns and predictors of bird species responses to
forest fragmentation: implications for ecosystem function and conservation. Biological Conservation, 169, 372-383. https://doi.
org/10.1016/j.biocon.2013.11.024

6. Morelli, F., Pruscini, F., Santolini, R., Perna, P., Benedetti, Y., & Sisti, D. (2013). Landscape heterogeneity metrics as
indicators of bird diversity: determining the optimal spatial scales in different landscapes. Ecological indicators, 34, 372-379. https://
doi.org/10.1016/j.ecolind.2013.05.021

7. Terrigeol, A., Ebouele, S. E., Darveau, M., Hébert, C., Rivest, L. P., & Fortin, D. (2022). On the efficiency of indica-
tor species for broad-scale monitoring of bird diversity across climate conditions. Ecological Indicators, 137, 108773. https://doi.
org/10.1016/j.ecolind.2022.108773

8. Kahl, S., Wood, C. M., Eibl, M., & Klinck, H. (2021). BirdNET: A deep learning solution for avian diversity monitor-
ing. Ecological Informatics, 61, 101236. https://doi.org/10.1016/j.ecoinf.2021.101236

9. Yamuxosa E.C. [Itumer B apyoBHuKax Tamacckoro Amatay // Tp. Akcy-)KaOarinHCKOTo rocy1apCTBEHHOTO IPUPOTHOTO
3anoeaauKa. [Iemvkent, 2007. Beim. 9. — C. 48-113.

10. Ladin, Z. S., Higgins, C. D., Schmit, J. P., Sanders, G., Johnson, M. J., Weed, A. S., ... & Shriver, W. G. (2016). Using
regional bird community dynamics to evaluate ecological integrity within national parks. Ecosphere, 7(9), e01464.

11. Khan, M. S., & Pant, A. (2017). Conservation status, species composition, and distribution of Avian Community in Bhim-
bandh Wildlife Sanctuary, India. Journal of Asia-Pacific Biodiversity, 10(1), 20-26. https://doi.org/10.1016/.japb.2016.07.004

12. HlantaukoB B.H. [Ituusr Cemupeuss. — M.; JI. — 1949. — 665 c.

13. Kopenos M.H. Crmcok nitun u opautoreorpadudeckue paiionsl Ceseproro Tsub-1lans//Tp. Mu-Ta 3001. AH KasCCP.
—1961, 1. 15. - C. 55-103.

14. Kosoraps A.®D. Marepuaisl o rHe3goBanuto ntun B Kynreit-Amnartay// Opautonorus, Beimt. 10. M. — 1972. — C. 343-345.

15. Kyiixo B.I1. 3emnsnoit qpo3n B Kynreii-Anaray (Tsub-11lans) / Opauronorus, Beim. 15. — M. — 1980. — C. 196.

16. bepesoukoB H.H. K opuurodayne Kynreit Anartay (CeBepubiii Tsup-lllanp) //KazaxcTaHCKHII OPHHUTOIOTHYECKUI
oromrerens 2004. Amvartsr: «Tethysy», 2005. — C: 215-222.

17. BepesosukoB H.H., Bunokypos A.A., bensuio O.B. Iltuust ropasix nonus Liearpansaoro n Ceeproro Tsub-1lans /
Tethys ornithological research, V.1. Anmmatsr: «Tethys», 2005. — C. 19-130.

18. T'yomn B.M. 1991. Kpartkoe coobuienue o cuneii ntune (B Kynreit Anaray)// Penkue ntuis! u 38epu Kazaxcrana. — Anma-
Arta. — C. 258.

19. T'youn b.M. K opuutodayne nonunsl pexku XKennmke// Kazaxcranckuii opautonorndeckuii OromnereHs 2008. Anmarsr:
«Tethys», 2009. — C.204-254.

20. Aoaes A. K., I'aBpuinos A.D., bersnos O.B., 3apunosa C.X. Matepuans! o opaurodayne 'HIIIT «Konbcaiickue o3epa»
//Hayunsie Tpynst IHIIIT «Kencaii kenaepi» Beim. 1. — Anmater 2012. — C.76-84.

21. Aoae A.K., I'aBpunoB A.D., AxmetoB X.A., Canap6aes C.K., 3apumnosa C.X. [Itunsr PI'Y 'HIIII «Kesncait kenmepi»
Catpr 2016. — 157 c.

22. A6aeB A.K., I'aBpunoB A.D., ApeiHoB b.b. Marepuansl mo opuurodayne I'HIII «Kencaii xennepi» // Marepuanst
MexayHapoaHOH HaydyHO-TIpakTHUecKoi KoHpepeHmu: HesaBucumocts Kasaxcrana: ACHEKThl COXpaHEHHsT OHOpa3HOO0pasus».
Anmarer, 2021. — C. 218-220.

23. Hosuxos T.A. [loneBsie nccienoBaHus 10 SKOIOTHN HA3EMHBIX TTO3BOHOUHBIX. — M. — 1953.

134



E.C. Yanukosa u np.

24. Hockin, D., Ounsted, M., Gorman, M., Hill, D., Keller, V., & Barker, M. A. (1992). Examination of the effects of distur-
bance on birds with reference to its importance in ecological assessments. Journal of Environmental Management, 36(4), 253-286.

25. Fernandez-Juricic, E., Jimenez, M. D., & Lucas, E. (2001). Alert distance as an alternative measure of bird tolerance to
human disturbance: implications for park design. Environmental Conservation, 28(3), 263-269.

26. Carter, N. H., Shrestha, B. K., Karki, J. B., Pradhan, N. M. B., & Liu, J. (2012). Coexistence between wildlife and humans
at fine spatial scales. Proceedings of the National Academy of Sciences, 109(38), 15360-15365. Doi:10.1073/pnas.1210490109

27. Trumst. [Hox pen. Kosmaps A.®.//Kpacnas kaura Pecrryommku Kazaxcran. Tom 1. XKusornsie. Yacts 1. [To3zBoHOUHBIE.
— Ammatser: DPS, 2010. — ¢.82-197

28. Smith-Castro J. R., Rodewald A. D. (2010). Behavioral responses of nesting birds to human disturbance along recreational
trails. Journal of Field Ornithology, 81(2), 130-138.

References

1. Abaev A.ZH., Gavrilov A.E., Belyalov O.V., Zaripova S.H. Materialy po ornitofaune GNPP «Kol’sajskie ozera» //
Nauchnye trudy GNPP «Kelsaj kelderi» Vyp. 1. — Almaty 2012. — S.76-84.

2. Abaev A.ZH., Gavrilov A.E., Ahmetov H.A., Saparbaev S.K., Zaripova S.H. Pticy RGU GNPP «Kelsaj kelderi» Saty
2016.— 157 s.

3. Abaev A.ZH., Gavrilov A.E., Arynov B.B. Materialy po ornitofaune GNPP «Kelsaj kelderi» // Materialy Mezhdunarodnoj
nauchno—prakticheskoj konferencii: Nezavisimost” Kazahstana: Aspekty sohraneniya bioraznoobraziya». Almaty, 2021. — S. 218-
220.

4. Berezovikov N.N. K ornitofaune Kungej Alatau (Severnyj Tyan’-SHan’) //Kazahstanskij ornitologicheskij byulleten’
2004. Almaty: «Tethysy», 2005. — S: 215-222.

5. Berezovikov N.N., Vinokurov A.A., Belyalov O.V. Pticy gornyh dolin Central’nogo i Severnogo Tyan’-SHanya // Tethys
ornithological research, V.1. Almaty: «Tethysy», 2005. — S. 19-130.

6. Bregman, T. P., Sekercioglu, C. H., & Tobias, J. A. (2014). Global patterns and predictors of bird species responses to
forest fragmentation: implications for ecosystem function and conservation. Biological Conservation, 169, 372-383. https://doi.
org/10.1016/j.biocon.2013.11.024.

7.  Carter, N. H., Shrestha, B. K., Karki, J. B., Pradhan, N. M. B., & Liu, J. (2012). Coexistence between wildlife and humans
at fine spatial scales. Proceedings of the National Academy of Sciences, 109(38), 15360-15365. Doi:10.1073/pnas.1210490109.

8.  CHalikova E.S. Pticy v archovnikah Talasskogo Alatau // Tr. Aksu-ZHabaglinskogo gosudarstvennogo prirodnogo za-
povednika. SHymkent, 2007. Vyp. 9. — S. 48-113.

9.  Fernandez-Juricic, E., Jimenez, M. D., & Lucas, E. (2001). Alert distance as an alternative measure of bird tolerance to
human disturbance: implications for park design. Environmental Conservation, 28(3), 263-269.

10. Gubin B.M. 1991. Kratkoe soobshchenie o sinej ptice (v Kungej Alatau)// Redkie pticy i zveri Kazahstana. — Alma-Ata.
—S.258.

11. Gubin B.M. K ornitofaune doliny reki ZHenishke// Kazahstanskij ornitologicheskij byulleten” 2008. Almaty: «Tethys»,
2009. — S.204-254.

12. Hockin, D., Ounsted, M., Gorman, M., Hill, D., Keller, V., & Barker, M. A. (1992). Examination of the effects of distur-
bance on birds with reference to its importance in ecological assessments. Journal of Environmental Management, 36(4), 253-286.

13. Kahl, S., Wood, C. M., Eibl, M., & Klinck, H. (2021). BirdNET: A deep learning solution for avian diversity monitor-
ing. Ecological Informatics, 61, 101236. https://doi.org/10.1016/j.ecoinf.2021.101236.

14. Khan, M. S., & Pant, A. (2017). Conservation status, species composition, and distribution of Avian Community in Bhim-
bandh Wildlife Sanctuary, India. Journal of Asia-Pacific Biodiversity, 10(1), 20-26. https://doi.org/10.1016/j.japb.2016.07.004.

15. Korelov M.N. Spisok ptic i ornitogeograficheskie rajony Severnogo Tyan’-SHanya//Tr. In-ta zool. AN KazSSR. — 1961,
t. 15.—S. 55-103.

16. Kovshar’ A.F. Materialy po gnezdovaniyu ptic v Kungej-Alatau// Ornitologiya, vyp. 10. M. — 1972. — S. 343-345.

17. Kovshar’ A.F. Pticy Tyan’-SHanya. T. 1. — Almaty, 2019. — 376 s.

18. Ladin, Z. S., Higgins, C. D., Schmit, J. P., Sanders, G., Johnson, M. J., Weed, A. S., ... & Shriver, W. G. (2016). Using
regional bird community dynamics to evaluate ecological integrity within national parks. Ecosphere, 7(9), ¢01464.

19. Moning, C., & Miiller, J. (2008). Environmental key factors and their thresholds for the avifauna of temperate montane
forests. Forest Ecology and Management, 256(5), 1198-1208. https://doi.org/10.1016/j.foreco.2008.06.018.

20. Morelli, F., Pruscini, F., Santolini, R., Perna, P., Benedetti, Y., & Sisti, D. (2013). Landscape heterogeneity metrics as
indicators of bird diversity: determining the optimal spatial scales in different landscapes. Ecological indicators, 34, 372-379. https://
doi.org/10.1016/j.ecolind.2013.05.021.

21. Novikov T.A. Polevye issledovaniya po ekologii nazemnyh pozvonochnyh. — M. — 1953.

22. Paulsch D., Méller-Hohenstein K. Bird species distribution along an altitudinal gradient in southern Equador and its func-
tional relationships with vegetation structure/ E. Beck, J. Bendix, I. Kottke, F. Makeschin, R. Mosandl (Eds.), Gradients in a Tropical
Mountain Ecosystem of Ecuador, Springer, Berlin Heidelberg (2008), pp. 149-156.

23. Pticy. Pod red. Kovshar’ A.F.//Krasnaya kniga Respubliki Kazahstan. Tom 1. ZHivotnye. CHast’ 1. Pozvonochnye. — Al-
maty: DPS, 2010. —s.82-197.

24. Smith-Castro J. R., Rodewald A. D. (2010). Behavioral responses of nesting birds to human disturbance along recreational
trails. Journal of Field Ornithology, 81(2), 130-138.

135



Htorn n TNEPCIEKTHUBBI OPHUTOJIOTMIECKOIO MOHUTOPUHTA B rOCyIIapCTBeHHOM MIPUPOJHOM IMapKe «Kecait Kennepi»

25. SHnitnikov V.N. Pticy Semirech’ya. — M.; L. — 1949. — 665 s.

26. Terrigeol, A., Ebouele, S. E., Darveau, M., Hébert, C., Rivest, L. P., & Fortin, D. (2022). On the efficiency of indica-
tor species for broad-scale monitoring of bird diversity across climate conditions. Ecological Indicators, 137, 108773. https://doi.
org/10.1016/j.ecolind.2022.108773.

27. Whelan C.J., Wenny D.G, Marquis R.J. (2008) Ecosystem services provided by birds Annals of the New York. Academy
of Science, 1134:1, pp. 25-60 doi.org/10.1196/annals.1439.003.

28. ZHujko B.P. Zemlyanoj drozd v Kungej-Alatau (Tyan’-SHan’) // Ornitologiya, vyp. 15. — M. — 1980. — S. 196.

Ceedenusn 06 agmopax:

Yanuxosa Enena Cepeeesna — kanoudam 0uonoeuyeckux Hayk, cmapwuti Hayunvlii compyoruux PITI « Ancmumym 300102uuy
(Anmamul, Kaszaxcman, e-mail: e.chalikova@mail.ru)

3apunosa Cuipviveyny Xaipyinaeena — mazucmp ouonoeuu, Hayunvlii compyonux PITI «HUncmumym 300n02uuy (Aimamel,
Kazaxcman, e-mail: zaripova_syrymgul@mail.ru)

Abaes Anmam JKonoacbaesuu — Hayunbvlil compyOHUK omaoena Hayku u monumopunea PI'Y I'HIII «Kexcail xendepiy (Aima-
mot, Kazaxcman, e-mail: a.abayev@mail.ru)

Apvinos Bayvipocan baxvimynwl — cmapuiuil Hayumvitl compyOHuK omoena Hayku u mowumopunea PIY T'HIII «Kencail
xendepi» (Camvl, Kazaxcman, e-mail: baukasgc@mail.ru)

Information about authors:

Chalikova Yelena Sergeevna (corresponding author) — Candidate of Biological Sciences, Senior Researcher at the Institute of
Zoology of the Republic of Kazakhstan (Almaty, Kazakhstan, e-mail: e.chalikova@mail.ru)

Zaripova Syrymgul Khairullaevna — Master of Biology, researcher at the Institute of Zoology of the Republic of Kazakhstan
(Almaty, Kazakhstan, e-mail: zaripova_syrymgul@mail.ru)

Abaev Almat Zholdasbaevich — researcher at the Departament of Science and Monitoring of the Kolsai Kolderi State National
Natural Park (Almaty, Kazakhstan, e-mail: a.abayev@mail.ru)

Arynov Bauyrzhan Bakytuly — Senior researcher at the Departament of Science and Monitoring of the Kolsai Kolderi State
National Natural Park (Saty, Kazakhstan, e-mail: baukasgc@mail.ru)

Hocmynuna 9 saueaps 2024 200a
IHpunsma 20 ¢gespans 2024 200a

136



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Nel (98). 2024 https://bb.kaznu.kz

IRSTI 34.33.27 https://doi.org/10.26577/eb.2024.v98.11.012

S.S. Kantarbayev'?" * , A.A. Grachev'?

Yu.A. Grachev? ~ , N.A. Bizhanova'*?

Republican state enterprise with the right of economic management “Institute of Zoology” of the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan, Kazakhstan, Almaty
2Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: sanzhar kantarbayev@zool kz

THE INFLUENCE OF THE PROTECTED AREAS
ON THE PRESENT DISTRIBUTION OF THE HIMALAYAN BROWN BEAR
(URSUS ARCTOS ISABELLINUS HORSFIELD, 1826) POPULATION
IN THE TRANS-ILI ALATAU, SOUTH-EAST KAZAKHSTAN

The aim of this study is to assess the current distribution of the Tian Shan brown bear (Ursus arctos
isabellinus Horsfield, 1826) in two study areas: the Almaty State Nature Reserve (ANR) and in the adja-
cent territories of the Ile-Alatau State National Nature Park (IANP) between 2005 and 2018. Both areas
are characterized by different degrees of anthropogenic transformation and conservation measures.

Data collection was carried out using two techniques: ground survey (GS) in 2005-2013 and a cam-
era trapping survey (CT) in 2013-2018.

The comparison of the data obtained by the two methods, GS and CT, showed that the CT data is
more extensive as it confirms and supplements the data collected with traditional GS methods.

The Kilometric Abundance Index (KAI) was 0.56 (+0.33) individuals per km in the ANR and 0.41
(£0.23) individuals per km in the IANP. Using CT, the average occurrence index was 4.4 registrations
per 100 trap days in ANR, while 2.9 registrations per 100 trap days in IANP. We observed the bears
to have different daily activity patterns in the two study areas, with the bears appearing to be active
throughout the day in ANR, and mainly active during the night and early morning in IANP.

This study outlines the role of the territory of the ANR as the nucleus for the settlement of brown bear
individuals in the Trans-Ili Alatau Mountain range, due to the abundance of the species remaining high
for 40 years. The high observation rate (photos and direct observations) suggest that the bear population
has a healthy conservation status. The territory of the IANP can serve as a buffer zone where individual
groups of bears can function successfully, provided that they are afforded good protection and that low
anthropogenic impact is maintained. On the other hand, the presence of bears in the IANP was mainly
observed in sectors with low level of human activity.

Key words: Tian Shan (Himalayan) brown bear, Trans-1li Alatau Mountain range, protected areas.
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'KasakcraH Pecriy6AnKkach! FbIAbIM XKoHe >KoFapbl GiAIM MUHUCTPAIrT FbIAbIM KOMUTETIHIH «300A0TMSI MHCTUTY Thbi»
LIAPYaLUbIABIK, XYPri3y KYKbIFbIHAAFbI PECTTYOAMKAABIK, MEMAEKETTIK KaCinopbiHbl, KaszakcraH, AAMarbl K.
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OnrycTik-LUbirbic KazakcTaHHbIH, Ine AAaTaybIHAQFDI
Tanb-LUaub koHpip atobl (Ursus arctos isabellinus, Horsfield, 1826)
NONYASILMSACBLIHBIH, Ka3ipri TapaAyblHa
epekxilie KOpFaAaTblH TAOMFU ayMaKTapAbIH, dcepi

byA 3epTTeyain Makcatbl 2005 xbiapaH 2018 >XblAFa AeMiH XXYPri3iAreH 3eptrey HeridiHAe TaHb-
LLlaHb KOHbIP AlObIHbIH €Ki 3epTTey aymarbl: AAMaTbl MEMAEKETTIK Tabuiun Kopblrbl (AMTK) >kaHe Iae-
AAaTtay MEMAEKETTIK YATTbIK TabuFu napkiHin (IA MYTI) ipreaec aymakTapbliHAQFbl 3aMaHyM TapaAybiH
baranay 60AbIN TabbiraAbl. EKi aymak, ap TYypAi ASpeKeAeri aHTPOMOreHAIK e3repicTepmMeH >KeHe
KOpFay pexXMMiMeH cunatTarasbl. MaAiMeTTepAi XKMHay eki aaicneH xypriziaai: 2005-2013 xbiapap
apaAbIFbIHAQ XKYPri3iAreH AQAAAbIK, 300A0TUSIAbIK, 8AiCTep >kaHe 2013 XbIAAAH 6epi KOAAAHbIAbIM KeAe
>KaTkaH (poToKaKNaHAAPAbl KOAAAHY apKblIAbl Tipkey.

AaAaAblK,  >K8He KallbIKTaFbl ©AICTEPMEH aAblHFaH MOAIMETTEPAI CaAbICTbIpY HeridiHAe
poTOKAKMaHAAPAAH aAbIHFAH aAblHFaH AEPEKTEPAIH HEFYPAbIM  ayKbIMAbl >KOHE TUIMAI €eKeHi
AHbIKTaAAbI, OAAP ABCTYPAI AAAAABIK, BAICTEPMEH aAbIHFaH AEPEKTEPAI pacTaiAbl >KOHE TOAbIKTbIPAAbI.

© 2024 Al-Farabi Kazakh National University 137


https://doi.org/10.26577/eb.2024.v98.i1.012
https://orcid.org/0000-0003-4384-250X
https://orcid.org/0000-0001-6051-8299
https://orcid.org/0000-0003-3311-2079
https://orcid.org/0000-0002-1804-2511
mailto:sanzhar.kantarbayev@zool.kz
mailto:sanzhar.kantarbayev@zool.kz

The influence of the protected areas on the present distribution of the Himalayan brown bear ...

Typaepain, kentiri nHaekci (KAI) AAMaTbl KOpbIFbl YiWiH MapwpyTTbiH, 1 kM-iHe 0,56 (£0,33) aapa,
Ine-Anatay yATTbIK napki ywin 1 km-re 0,41 (+£0,23) aapa 60Aabl. KOPbIKTa aloAbIH, KE3AECY MHAEKCI,
oprauua ecenneH, 100 dpoTokaknaH/TayAikke 4,4 TipkeAy 60AAbl, aA ¥ATTbIK napkTe 100 choTokaknaH/
TOyAIKKe 2,9 TipKeAy KypAbl.

3epTTeAreH eki aiMakTa aloAapAbIH KYHAEAIKTI GeACeHAIAIriHIH ap TypAi ekeHi 6aiKaAbIHAbIL:
AAMATbI KOPbIFbIHAQ atoAap KYHAI3 6eaceHal 6oaca, IA MYTIT aymarbiHAQ OAQp HETi3iHEH TYHAE XXoHe
TaHepTeHri yakbITTa (POTOKAKMAHAAPFA TIPKEAAI.

byA 3epTTeyae Ine Aaataybl >KOTaCbIHAAFbI KOHbIP alo AapaAapblHbIH TapaAy e3eri peTiHAe AAMaThbl
KOPbIfbl ayMarblHbIH POAI KEpCETIAreH. AAMaTbl KOpPbIFbl OYA TYpAiH Iane AAaaTaybiHaa 40 >KbiA 6OMbI
CaHbIHbIH, KeMNTiriHe OOAbIN CaKTaAyblHa 30p YAECIH KOCyAa. TipKeyAiH >koFapbl AeHreni ((poTtocypeTrep
koHe TikeAen 6GakblaayAap) a0 MOMYyASUMSCbIHbIH, TypakTbl TaburFaTTbl Kopfay MeprebeciHe wue
ekeHAIriH kepceteai. 1A MYTIT aymarbl >KakCbl KOpPFaAFaH >X8He TOMEH aHTPOMOreHAIK >KYKTeMeHi
yCTaraH >KarAariAa aloAapAbIH >KeKe TONTapbl TYPaKThl TIPLIAIK eTe aAaTbiH GyepAaik aimak, peTiHae
KbI3MeT KepceTe anaabl. backa »xarbiHaH, |A MYTIT aymarbiHAQ aloAap apaM GEACEHAIAIriHIH TemeH
AeHreni 6ap cekTopAapAa kebiHece HGaiKaAAbl.

Tynin cesaep: TaHb-LLlaHb KOHbIp aiobl, lae AaaTaybl XoTacbl, epekile KOpFaAaTbliH Tabuin
aymakrap.

C.C. KaHTap6aes'?", A.A. I'paues'?, lO.A. I'paues?, H.O. buxkaHosa'?
PecrnybANKaHCKOE roCyAQpPCTBEHHOE MPEANPUSTHE Ha NMpaBe XO35MCTBEHHOrO BEAEHUS «MHCTUTYT 300A0TMM»
KomuteTa Haykn MuHUCTEpPCTBA HAayku 1 Bbicliero obpasosanus Pecriy6ankm KasaxcraH, KasaxcraH, r. AAmMarbi
2Ka3axckmm HaLumMOHaAbHbIN yHUBEpCUTET nMmeHn aab-Dapabu, KasaxcraH, r. AAamarsl
*e-mail: sanzhar.kantarbayev@zool.kz

BAusiHe 0c060 oxpaHsieMbiX NMPUPOAHBIX TEPPUTOPUIA
Ha COBpeMeHHOoe pacrnpocTpaHeHue NMonyAsilMu THb-LLAHbCKOro OYporo MeABeAs
(Ursus arctos isabellinus Horsfield, 1826) B 3anauiickom Aaaray,
IOro-BocTtouHbiit Kazaxcran

LleAblo HacToOSLLEr0 MCCAEAOBAHMS SBASETCS OLEHKA COBPEMEHHOrO pPacrpoCTpaHeHus TSHb-
LIAHbCKOro BYpOro MeABeAsl Ha ABYX M3y4Yaemblx TeppUTOpPUSX: AAMATMHCKOM TFOCYAAPCTBEHHOM
NprMpPoAHOM 3arnoBeAHMKe (AIT13) 1 conpeaeAbHbIX TeppUTOpUsX MAe-AaaTayCcKOro rocyAapCTBEHHOro
HaUMOHaAbHOIO npupoaHoro napka (MA THIM) B neproa ¢ 2005 no 2018 rr. Obe TeppuTOpUM
XapaKTEPU3YIOTCS PA3HOM CTEMEHbIO aHTPOMOreHHOM TPAHCHOPMALIMM MU PEXXMMOM OXPaHbl.

C60p AQHHbIX OCYLLECTBASIACS C MCMOAb30BAaHMEM ABYX METOAOB: MOAEBble 300AOrMYecKue
MeToAbl, npoBoamBlumecs ¢ 2005 no 2013 rr., n perncrpaums C UCNOAb30OBaHMEM (DOTOAOBYLLEK,
KoTopas npumeHsiaacb ¢ 2013 no 2018 rr. CpaBHeHME AQHHbIX, MOAYYEHHbIX ABYMS MOAEBbIMU U
AVCTAHUMOHHbBIMM METOAAMMU, MOKA3aA0, UYTO AdHHbIE C POTOAOBYLIEK HOAEe 0BLLMPHDI 1 3 HEKTUBHDI,
TaK KakK MOATBEPXKAQIOT M AOMOAHSIOT AQHHblE, MOAYUYEHHbIE TPAANMLMOHHBIMU MOAEBLIMMU METOAAMM.

MHaekc 06umans Buaa (KAI) coctaBna 0.56 (£0.33) ocobeit Ha 1 KM MapLupyTa AASt AAMAaTUHCKOTO
3anoBeaHnka n 0.41 (£0.23) ocobm Ha T KM AAg MAe-AAaTayCckoro HaumMOHaAbHOrO napka. MHaekc
BCTPEYAEMOCTM B CPEAHEM AAS 3aroBeaHuKa — 4.4 permctpaumnii Ha 100 pOTOAOBYLIKO/CYTOK, AAS
HaLMOHAAbHOIO napka — 2.9 perncrpaumii Ha 100 (hOTOAOBYLLKO/CYTOK.

OTMeYeHo, UTO MeEABEAM MMEIOT PA3AMYUHDBIN XapakTep CYyTOYHOM aKTUBHOCTM B ABYX MCCAEAYEMbIX
pernoHax: MeABeAM MPOSBASAM aKTMBHOCTb B TeueHue AHs B AlT13, Toraa kak B MA THII oHwn
pPernMcTpupoBaAmCb B OCHOBHOM HOYUbIO M PAHHUM YTPOM.

B AaHHOM MccAeaoBaHMM 0603HaueHa poab Tepputopmn AlT13 kak sapa pacceaermnst ocobern 6yporo
MeABEAS B TOPHOM MaccuBe 3aMAMIMCKOro AAaTtay, B CBS3M C T€M, YTO UYMCAEHHOCTb BMAQ OCTaeTCs
BbICOKOM B TeueHue 40 AeT. Bblcokmit ypoBeHb permcrpaumm (dotorpadmm m HenocpeACTBeHHble
HaOAIOAEHUS) MO3BOASIET MPEANOAOXKMWTD, UTO MOMYASILMS MEABEAEN UMEET YCTOMUMBbLINA OXPaHHbIN
ctatyc. Tepputopusi MA THIITT MoxeT cAy>kuTb 6ydepHO 30HOM, B KOTOPO OTAEAbHbIE TPYIMbl
MEABEAEN MOTYT YyCrewHo (hyHKUMOHMPOBATbL MPU YCAOBMM OBGECreveHrs UM XOpOoLLei OXpaHbl U
COXPAHEHMSI HU3KOWM QHTPOMNOreHHom Harpy3kn. C Apyroi CTOPOHbI, NMPUCYTCTBUE MeABeAel B MA
HIIM B 0CHOBHOM HabAIOAAAOCH B CEKTOPAX C HM3KMM YPOBHEM aKTMBHOCTM YEAOBEKa.

KAtoueBble CAOBa: THb-LIAHbCKMI GYPbi MEABEAb, TOPHbIA MAacCMB 3aMAMIMCKOro AAartay, 0co60
OoXpaHsieMble MPUPOAHbIE TEPPUTOPUM.

Introduction large and connected populations, as well as in small
and isolated ones, which has resulted in the exis-

The brown bear (Ursus arctos) has the larg-  tence of several subspecies (U. a. horribilis Ord,
est range among the bears (Family Ursidae, Order  1815; U. a. horribilis middendorffi Merriam; U. a.
Carnivora) worldwide [1, 2], and is present in both  pruinosus Blyth 1854; U. a. isabellinus Horsfield,
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1826; U. a. jeniseensis Ognev 1924). In Central
Asian populations, there is an uncertainty about
the level of isolation of the bear populations in the
Tian Shan Mountains of Kyrgyzstan, Kazakhstan,
Uzbekistan, and Xinjiang (Northwest China). Tian
Shan bears are considered to be separated from
bears in the Altai Mountains of Northeastern Ka-
zakhstan and Russia by the Dzhungarian (Zhetisu)
mountain system and the less mountainous plains
in Northeastern Kazakhstan [3, 4]. Therefore, as
a preventive management approach to ensure re-
gional conservation objectives in Kazakhstan and
other Central Asian countries, — Uzbekistan, Ta-
jikistan, and Kyrgyzstan, the Tian Shan brown bear
(Ursus arctos isabellinus Horsfield, 1826) is listed
in the Red Data Books. In the latest edition of the
Red Data Book of the Republic of Kazakhstan, the
Tian Shan bear is listed in the 3rd category (“with
the declining range and numbers”) [5]. In 2017, the
Tian Shan brown bear was included in the IUCN
Red List as a Vulnerable subspecies for the Tian
Shan mountains and included in Appendix I of the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES). One of
the challenges for the coming decades is the neg-
ative impact of climate change on the quality of
Tian Shan bear habitats and consequently to its dis-
tribution [6]. In this regard, the primary challenge
is to better understand the present distribution and
potential of currently available habitats to host the
present population, the existing limiting factors as
well as human-bear relationships.

The Tian Shan brown bear was common in the
Trans-Ili Alatau range before 1900s, and became
rare in the valleys of Big and Small Almatinka Riv-
ers in the 1920s and 1930s. By the 1940s, the bear
was exterminated in the Syrdarya Karatau ridge [1,
7], and has not been observed in the region since
1960s. In Kazakhstan, the Tian Shan brown bear is
currently found only in the Tian Shan and Dzhun-
garian Alatau mountain regions. Following the cre-
ation of the Ile-Alatau State National Nature Park
(IANR) on this territory and the improvement of the
conservation measures, bear sightings began to be
registered in the Big Almatinka Gorge, becoming
increasingly regular [8].

The latest and most comprehensive studies of
Tian Shan brown bear ecology in the Almaty State
Nature Reserve or Almaty Nature Reserve (ANR)
were carried out by V.A. Zhiryakov [9]. According
to his data, the brown bear population density was
0.7-1.0 individuals per 10 km? in the spruce forest
belt of the reserve. In the first half of the summer
(June-July), the animals were distributed more or
less evenly across all the high-altitude zones of the

mountains, from deciduous forests to alpine mead-
ows. In the second half of summer and autumn,
bears would move to apricot apple forests, where
their density reached 5 individuals per 10 km?. The
total number of bears in the reserve at that time was
estimated at 25 individuals [10].

According to the legislation of the Republic of
Kazakhstan, the protection status is established over
the entire territory of ANR, with the prohibition
of any economic, recreational and other activities
(hunting, collection of useful plants and mushrooms
etc.), considering the peculiar properties of the area.
On the territory of the IANP following zones are
distinguished: natural reserves, environmental sta-
bilization zones, tourist zones, recreational activity
zones and limited economic activity zones. Some
limited grazing, red deer (maral) breeding, haymak-
ing, non-professional picking of mushrooms, fruits
and berries, and gardening are allowed in the limited
economic activity zones. Hunting had also been per-
mitted until a moratorium was introduced in 2017.

This study was conducted in two study areas —
the Almaty Reserve (ANR) and in the adjacent terri-
tories of the Ile-Alatau National Park (IANP) in the
period between 2005 and 2018, where both areas are
characterized by different degrees of anthropogenic
transformation and conservation status.

Our hypothesis regarding the current distribu-
tion is that there has been no change towards an in-
crease in the area used by bears as a result of natural
and anthropogenic barriers. We assume that the bear
population of the ANR is higher than in the [ANR
as a result of the bear population of the IANR be-
ing influenced by the metropolitan city of Almaty
in recent decades due to its constant population
growth and expanding infrastructure. The observed
negative dynamics can lead to their complete disap-
pearance from their ancestral habitats in the future.
The primary reasons for this negative phenomenon
are the factor of anxiety as a result of an excessive
recreational load, accompanied by the construction
of resorts and various infrastructure as well as an
unregulated (spontaneous) flow of tourists. In 2018,
the IANR set up hiking trails and installed covered
gazebos for tourists in the hard-to-reach gorges of
Ayusai and Prokhodnoye. This measure made some
parts of the mountains which were constant brown
bear habitats increasingly accessible to humans.

Due to the different conservation statuses and
the effect of anthropogenic transformation, we de-
cided to test our hypothesis about the differences in
daily bear activity in these two territories. In particu-
lar, our goal was to understand, describe and com-
pare the following data between ANR and IANR:
(1) the relative abundance index, (2) the age and sex
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structure, (3) temporal activity and behavioral char-
acteristics.

Study area

In order to achieve our goals, the study area
which extended over several mountain belts was di-
vided into 6 pilot sites where field monitoring stud-
ies were carried out in the mountain gorges of the
Trans-1li Alatau: the Right Talgar River, Middle
Talgar River, Big Almatinka River (including the
Prokhodnoye River) and the Ayusai, Aksay and
Kargaly Rivers (Figure 1).

The Almaty Nature Reserve is located in the
south-east of Kazakhstan (N 43° 06’00, E77° 19°00)
in the central part of the Trans-Ili Alatau ridge of
the Tian Shan mountain system. The reserve has a
surface area of 717 km? and the altitude ranges from
1500 to 4979 m above sea level. The main part of
the protected area is located on the northern macro
slope of the ridge in the basins of the Talgar, Yesik
and Turgen Rivers. The western border of the terri-
tory runs along the Left Talgar River, the northern
border along Right Talgar River and the eastern bor-
der along the crest of a high spur dividing the val-
leys of the Yesik and Turgen Rivers. The southern
part of the border passes near Toguzak pass and ex-
its through the Bogatyr glacier to the upper reaches
of the Shelek River. Data collection was conducted
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mainly in the Middle Talgar Gorge, rarely visited
by people, with human disturbance practically ab-
sent. We will consider the reserve as a reproductive
nucleus where the largest group of bears inhabits the
Trans-1li Alatau.

The Ile-Alatau National Park (N 43°04°00, E
77° 10°00) is located in the central and the eastern
parts of the northern macro slope of the Trans-Ili
Alatau. The total area of the park is 2000 km? and
the altitude ranges from 600 to 4540 m above sea
level. The bears are more negatively affected by
humans in this area.

The park has a developed network of walking
routes, buildings (campsites, sanatoriums and
residential buildings), pastures and roads, including
two major roads — to the Big Almatinka Lake in
the Big Almatinka Gorge and to the Small Almaty
Gorge, with developed infrastructure and residential
buildings around the perimeter. The Kargaly Gorge,
with a length of 18 km, is located to the west of the
Big Almatinka Gorge. Our research was carried out
in the basins of the Big Almatinka, Ayusai, Kargaly
and Aksai Rivers.

The Big Almatinka River is composed of two
sources — Prokhodnoye River and Big Almatinka
River itself. In the south, the state border with
Kyrgyzstan runs along the main ridge. The area of
the Big Almatinka River basin within the mountains
is 282.4 km?.
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Figure 1 — Map of the research area with places of visual bears meeting, bear signs and installed camera traps
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The basins of the Right and Middle Talgar,
Aksai, Kargaly and Big Almatinka Rivers are
occupied mainly by Schrenk’s spruce (Picea
schrenkiana). The protective conditions for bears
are good (Figure 2). The slopes are covered
with thickets of sea buckthorn (Hippophae

rhamonides), hawthorn (Crataegus almaatensis),
barberry (Berberis sphaerocarpa), wild rose
(Rosa canina), wild apricot (Armeniaca vulgaris)
and Sievers’ apple tree (Malus sieversii). Their
fruits are the typical feeds of the Tian Shan brown
bear.

Figure 2 — The habitat of the Tian Shan brown bear in the Trans-Ili Alatau

Materials and Methods

Field work was carried out from 2012 to 2018
on the territory of the ANR and from 2016 to 2018
in the adjacent territories of the IANR. It was also
analyzed, collected by the ANR Researchers Saltore
K. Saparbayev and Altynbek D. Dzhanyspaev, dur-
ing the accompanying field trips from 2005 to 2013,
as well as in 2015 and 2018. The observations were
made from April to July (the spring-summer season)
and from September to November (autumn season).
In the ANR ground surveys were conducted in a
total of 37 days of observation. The ground IANP
surveys were conducted over a total 40 days of ob-
servation.

Data collection was carried out using traditional
methods of (1) track and signs ground survey and
(2) direct visual observations for mapping the bear

presence. The data obtained using these traditional
methods was used to plan and develop a working
protocol for (3) the camera trap monitoring activi-
ties. Due to the field work conditions in the IANR
we focused on recording bear signs, while using di-
rect observation in the ANR. Camera trapping was
used in both ANR and TANR.

Track and signs ground survey

We used the footprint measuring method to
monitor the bear presence using our ground survey
for tracks [11-15]. We used this method to estab-
lish the presence of bears at the pilot sites and esti-
mate their relative abundance. The full footprint of
a brown bear’s front paw on the ground includes the
fingerprints of five fingers with claws, a print of a
large transversely located palm cushion and a little
behind it, closer to the outer edge, the print of a small
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round pillow. The large transverse cushion (“cal-
lus”) on the forepaw is called a palmar (from the
Latin word “palma”, i.e. palm). Its greatest length,
lying almost across the track as a whole, serves as
the most suitable indicator for measuring the tracks
of a bear. This value varies less than others depend-
ing on the soil and the speed of the bear. For the
sake of simplicity, we will call this measurement the
“palm width” in the rest of the manuscript (Figure
3). The front and outer edges of the large palmar
cushion and middle fingers leave the best imprints,
while all of the other elements may be unclear and
completely absent. When a bear is being “tracked”,
the measurements of those prints where the edges of
the palm are quite clearly visible are used.

The data collection protocol included: the es-
tablishment of the teams for field work composed
by 1-2 individuals; planning and mapping the moni-
toring routes (considering various types of land use
— forest plantations, rocky talus, alpine meadows
along the main river valleys, along river banks on
long-term animal trails as well as taking the strong-
ly rugged terrain of the Tian Shan mountains into
account, where long-term animal trails usually run
along river valleys and there is a high concentra-
tion of material for ground survey observations);
preparation of cartographic materials for GPS units,
verification of equipment and instruments; training
on safety rules. Observers were provided with GPS
units on which spatial information about the bears
tracks and signs was recorded. A special training
session was conducted to explain the proper method
for the measurement of tracks and to avoid measure-
ment errors by making sure that only undistorted
impressions of the plantar corns of the forepaw were
measured.

All bear tracks were recorded, while the number
of tracks, the degree of their freshness, the direction
of movement of the animals and the width of the
footprint of the plantar callus were registered and
used to determine individual bears. We also regis-
tered signs of marking activity (scratches, tears and
bites on trees).

The data collected was used to calcuiate Kilo-
metric Abundance Index (KAI) using the & formula,
where n = total life traces and L = track length.

Direct visual observations

The direct visual observation method was used
to determine the relative abundance and sex-age
composition of the animals. In mountainous condi-
tions, in places where it is possible to view a large
area from the elevations of the slopes of the moun-
tains and ranges, we observed bears directly using
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binoculars (Bushnell brand — 12x). Given the direct
correlation between the number of traces of animal
activity and the number of animals recorded visually
throughout the entire research period, we mapped
traces of animal activity and noted visual encounters
[16-18].

The observation routes were surveyed once ev-
ery 2-3 days, using the following time intervals: 8.00
—12.00 and 15.00 — 20.00. Historical observation
showed that bears are inactive between the 12.00
and 15.00. At the time the animals were inactive be-
tween 12.00 to 15.00, the observers moved as far
as possible along the track for the greatest possible
coverage of the territory. Observations were con-
ducted with good visibility from early April to early
June. During the visual observation of the bears, the
place and time of the observation, the number of dif-
ferent individuals, their relative position to the ob-
server (the distance and orientation) were recorded.
We also opportunistically registered the size, color,
gender, direction of movement and type of activity
at the time of the observation.

Among the animals encountered, two groups
were distinguished: females with cubs and solitary
animals (adult and semi-adult males and spring
females, which cannot be reliably distinguished).

Camera trapping material

Special studies of different species including
bears were carried out using automatic camera trap-
ping cameras [19-22]. Using this method, we tried
to obtain primary data on the relative abundance of
bears in the territory, their distribution in different
biotopes, sex and age composition and daily activ-
ity.

Two camera trap surveys have been conducted
in the ANR. The first took place between 2013-
2014, where 15 automatic security cameras were
installed and provided data for 802 camera trapping
days, while the second survey carried out in 2014-
2015 resulted in 615 camera trapping days.

10 camera traps were also installed in a sector
of the IANP of 150 km? in 2016-2018, and they re-
mained active for 956 camera traps-days.

Automatic security cameras (brands Reconyx,
Bushnell Trophy Cam HD and Bushnell Trophy
Cam HD Aggressor were used and placed within
the forest belt at altitudes from 1770 m to 3083 m
above sea level. Camera traps were installed in plac-
es where any signs of bear activity were discovered.
The traps were placed on trees with flat areas under
the crown, if possible and attached at a height of 50-
60 cm (the average height at the withers of the Tian
Shan brown bear). The main indicators of the opera-
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tion of camera traps and the successful capture of
animals are as follows: the number of camera trap-
ping days per camera; the number of passes / regis-
trations of individuals; the total number of camera
shots; and the animal occurrence index.

When analyzing the data, we performed calcu-
lations according to the generally accepted method
to determine the animal occurrence index [23, 24].
The animal occurrence index per 100 camera trap-
ping days was determined by the formula: X="= X1
, Where n = the number of passes of animals and M
= total number of camera trapping days.

Results and Discussion

Results of traditional approach

In the ANR, bears we registered bears visually
more often than in the IANP. A total of 37 bears
and 6 animal traces were recorded, such as broken
anthills (n =2), digs (n = 1), consumed grass (n = 2)
and traces of eating carcasses (n = 1).

We registered 38 signs of bear presence in the
territory of the IANP, including two visual contacts

and four “bear trees” with bites and scratches
(Figure 3) [25, 26]. On different substrates, we found
footprints of brown bears (n = 17). In the fall, before
lying in a den, bears eat apple and apricot trees,
inflicting some damage to them. We found broken
branches and damaged young trees (n = 10). During
our observation in the Kok-Zhailau plateau (a site
between the Big and Small Almatinka Rivers) we
did not find any signs of brown bear activity during
the entire research period, which was also confirmed
by earlier studies in this territory [27, 28].

The Kilometric Abundance Indices (KAI) in the
Almaty Nature Reserve, based on visual observa-
tions and in the Ile-Alatau National Park, were de-
termined based on the recording of bear tracks and
signs. Two research sites with different conserva-
tion statuses and animal habitats as a result of an-
thropogenic transformation are presented in Table
1. The relative abundance of bears, according to
photographic registration and the number of visual
encounters of animals, is noticeably higher in the
Almaty Reserve as a result of its long-term conser-
vation status.

Figure 3 — Footprints and scratches on the bark of a tree left by bears

The camera trap method made it possible to ac-
curately determine a date when the bear entered its
den in the Middle Talgar River on November 16 in

2013. During heavy snowfall, a single bear moved
up arocky slope. After this date, there were no bears
registered with camera traps.
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Camera trapping results

Relative abundance

18 bears were registered over 189 camera
trapping days in the Almaty Nature Reserve in
2013, from August to November, with an average
of 3.92 per 100 trap days. In 2014, from April to
August, there were 15 registrations per 343 camera
trapping days, with an average of 4.4 per 100 trap

days. From August 2014 to April 2015 there were
31 registrations with an average of 4.8 per 100 trap
days.

28 bears were registered in the Ile-Alatau
National Park between April and November 2016-
2018 over 956 camera trapping days at an average
of 2.9 per 100 trap days.

The animals were all registered at an altitude of
1879 to 2480 m above sea level (Figure 4).

Bushngll % Camcia Name 791»25'(: . 04 11 2015 13:02:32

Figure 4 — Bears in the field of vision of camera traps

Age and sex composition

In the Almaty Reserve in 2013, the 18 bears
recorded on the camera traps included 15 (83.3%)
single animals and 3 (16.7%) female bears with cubs.
The 15 registrations in 2014 consisted of 12 (80%)
single animals and 3 (20%) female bears with cubs.

Of the females recorded by the camera traps in
2013, two had 2 cubs and one had 1, with an average
of 1.6 cubs per female. In 2014, three females had
one cub each.

In Ile-Alatau National Park in 2016-2018 out of
28 meetings, 26 (92.8%) were single animals and

2 (7.2%) were female bears with cubs. Of the two
females, one had 1 cub, the second — two, an average
of 1.5.

Daily activity

An analysis of the camera trap data for the entire
observation period in the ANR has shown that 6
(9%) of the sightings were registered in the morning,
23 (34.4%) in the afternoon and 38 (56.7%) of the
animal encounters were recorded at night (n = 67).
Bears are mainly active from 18 p.m. to 6 a.m.
(Figure 5).
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The data for the IANP shows that 6 (18.2%)
were recorded in the morning, 5 (15.2%) in the
afternoon and 22 (66.7%) encounters took place at
night (n = 33) (Figure 6).

To assess whether the pattern of activity differs
between the two study areas, we applied the Pearson

chi-square test (Statistics 10.0 After plotting the
diagram (Figure 7)), which showed that the level
of statistical significance between the difference
in ANR and IANP did not show the statistical
significance of the chi-square test (P = 0.339559) in
Table 2.

Figure 5 — Daily activity of bears in the Almaty Reserve (% of the number of encounters)

Figure 6 — Daily bear activity in the Ile-Alatau National park (% of the total number of encounters)
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Table 2 — Results of the significance of the Pearson chi-square test

Summary table: Expected Frequencies
Marked cells have counts > 5
Pirson chi-square: 0.912106; df=1; P=0.339559

Daily activity Daily activity
Study area dark light Row totals
ANR 40.2 26.8 67.0
IANP 19.8 132 33.0
Total 60.0 40.0 100.0
Circle diagramm
_ ney
e 4 "
Daily activity: darck Daily activity: light
Stady area
Figure 7 — Diagram of the difference in daily activity in ANR and [ANP
Discussion animals also occur during the day, which may be

The group of Tian Shan brown bears occurring
on the territory of the ANR has remained stable over
the past 40 years due to the isolation of the locations
they inhabit, as well as the conservation status of the
territory and the restrictions on human incursions.
There is no increase in the effect of the presence
of humans there. The high level of registration of
animals by camera traps and the frequent visual
sightings give reason to believe that the bears are
relatively evenly distributed over the entire territory
suitable for the species habitation. The Kilometric
Abundance Index (KAI) of visual animal encounters
was 0.56 (= 0.33) individuals per 1 km of the route.
This is confirmed by the available data on bear
activity mainly taking place in the hours of the
early morning, evening and night [27]. However,

related to weather and food conditions, as well as
the disturbance factor. The occurrence index for
camera traps showed 4.4 registrations per 100 trap
days for the reserve on average.

Bear concentration in the TANP is observed
mainly in inaccessible areas with good forage
supply and protective conditions where there are
practically no traces of human activity. For the Ile-
Alatau National Park, the occurrence index was
2.9 registrations per 100 trap days. The Kilometric
Abundance Index (KAI) by traces of animal activity
was 0.41 (£ 0.23) individuals per 1 km.

As a result, the hypothesis about different
daily activity levels in territories with different
conservation statuses was not confirmed. However,
this difference can be clearly traced and may possibly
be associated with other environmental factors (the
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forage supply, territorial distribution and protective
factors). We plan to find this out in our further
studies. It was shown that in the territory with a
lower conservation status the activity of animals is
noticeably reduced in the daytime.

Our study concluded that the spatial dynamics of
the brown bear population in the specially protected
nature areas of the Trans-Ili Alatau show that two of
the key areas of its habitat where bears live mainly
in gorges have been identified as areas with different
levels of anthropogenic transformation. Their daily
activity in the two pilot sites remains the same,
which indicates a low disturbance factor both in the
ANR and in the IANP. The role of the territory of the
ANR can be defined as the nucleus for the settlement
of individuals of the brown bear in the mountains
of the Trans-Ili Alatau, since the abundance of the
species there has remained high for the last four
decades. The territory of the IANP can serve as a
buffer zone, where, subject to good protection and
low anthropogenic impact, individual groups of
bears can function successfully. The first covers
the Kaskelen, Kyrgauldy, Aksai, Karagalinka,
Prokhodnoye, Ayusay Gorges and part of the left
bank of the Big Almatinka River in the Ile-Alatau
National Park. The second is concentrated within
the Left, Middle and Right Talgar, Issyk, Turgen
and Shelek Gorges (the entire territory of the Almaty
Reserve). The insulating barrier between the two
groups is an extended section between Small and
Big Almatinka Rivers, with a developed network of
roads, residential buildings, ski resorts, recreational
lodges and other infrastructure with an increased
disturbance factor for bears.

Early data from field studies by other theoretical
scientists such as S.I. Ognev and A.A. Sludsky for
the western part of the Trans-Ili Alatau ridge and in
the valleys of the Big and Small Almatinka Rivers
shows that Tian Shan brown bears were already
quite rare in 1930-1939 [29, 30]. Later references
from the 1980s report on the absence of brown bears
in the valleys of these rivers. In the mountains of
the Trans-Ili Alatau, bears were rare in the valleys
of the Small and Big Almatinka Rivers, although
animals were still found in the neighboring gorges
[27]. After the creation of the Ile-Alatau National
Park on this territory in 1996 and an increase in their
conservation status, rare visits of bears began to
be noted in the Big Almatinka Gorge and then the
permanent settlement of bears in the area [31]. At
present, a permanent stay of a brown bear is noted
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in the Ayusai and Prokhodnoye Gorges within the
basin of the Big Almatinka River. These gorges
are part of the recreational zones where bears
regularly encounter humans and traces of their life.
In our work, we tried to supplement the previously
conducted research using new technologies (camera
traps). Prior to this, there had been no special
studies with the use of camera traps conducted in
Kazakhstan, so we decided to use this method.

This provided us with results that allowed us to
assess the current state of the brown bear population
in the territories of two protected areas in the Trans-
Ili Alatau in terms of their relative abundance and
daily activity.

In September 2018, we discovered abear’s den in
the Banditsai canyon (upper reaches of the Karagaly
canyon) (Figure 8). The den was among the rocks
in a stone cave with a depth of around 2.5-3 meters
and with the width of its forehead (entrance) being
80x80 cm. Inside the den, old branches (litter) and
a hollow in the ground were discovered, serving as
the place for winter hibernation. The den is located
7 km away from local housing estates, at the exact
GPS coordinates of N43° 03.886° E76° 52.141° and
at a height 2654 m. In the spring, traces of 4 different
bears were noted in this area at once. According to
our assumptions, several dens can be located in this
biotope, since there are many rocky niches and caves
on this site, which can potentially serve as shelters.
for bears.

It is known from a previous publication that
bears in the Tian Shan mountains prefer biotopes
characteristic of what we found in the Karagalinka
canyon at altitudes of 2600-3600 m above sea level
[27]. This site is important during the den-building
period, which is a key part of the life of brown
bears.

However, in the process of conducting out
research, limitations to the study of the demographic
and spatial structures of the population of this
species became apparent. The limited resources and
information available have also made it necessary
for the authors of this work to continue their research
and monitoring of brown bear groups in the Trans-
Ili Alatau and throughout its range in Kazakhstan.

As the observations show, an increase in the
number and an expansion of the bear’s range in
those areas where it lived earlier are predicted. In
this regard, the most acute problem is the occurrence
of conflicts with humans, which will become a threat
to both sides.



S.S. Kantarbayev et al.

Figure 8 — View of the bear’s den from the outside and from the inside,
September 2018. Photo by M. Bespalov

The main reason for the occurrence of possible
conflicts between bears and humans is the increasing
tourist load, and, as a result, the large amount of
garbage that tourists leave. On the main trails in
all the areas studied by us within the recreational
areas, garbage and food debris were discovered. It
is known that garbage attracts bears and they can
eventually lose their fear of humans and traces of
their life. To date, we do not know of any cases of
bear attacks on humans in the territory of the Ile
Alatau National Park. However, we do not exclude
that such undesirable confrontations may occur in
the near future.

Conclusion

The need for a systematic study of brown bears
within their range in our country is long overdue. The
last review article on the bear in Central Asia and
Kazakhstan was published in 1994, but it is based
on materials from the 1970s. Since then, no systemic
monitoring studies have been carried out, with the
exception of our preliminary attempt to assess the
current population of bears in Kazakhstan [32].

The brown bear, as an inhabitant of the mountain
forests of Central Asia, plays a comprehensive
and substantial biocenotic role: as a predator, as a
consumer of a large number of species and number
of invertebrates, as well as a distributor of seeds of
wild-fruited plants, including rare and endangered
species such of apple and apricot trees.

The outlined theses allow us to believe that the
research being carried out is relevant, high-priority

and important both in scientific and practical terms.
The goals and objectives set here correspond to the
requirements of the Convention on Biodiversity
(1992) provisions of the “National strategy and
action plan for the conservation and balanced use
of biological diversity” (1999) and “Ecology of
Kazakhstan for 2010-2020” national programs.

Acknowledgements

This work was carried out as one of the set of
projects of the Institute of Zoology of the Republic
of Kazakhstan titled “BR18574058: Development of
the Red Data Book of Animals of Kazakhstan and an
electronic database of rare and endangered animals”
and “AP05133572: Patterns of spatial structure
and biotopic distribution of rare and economically
important species of mammals in the protected
and recreational areas of the Northern Tian Shan
as a basis for their conservation and rational use”,
2018-2020; and the “Pilot study of the genetics and
population ecology of the Himalayan brown bear
(Ursus arctos isabellinus) in the recreational areas
of the Northern Tian Shan mountains” (IBA grant
program, 2018).

We would like to thank the IBA R&CG
Foundation for the opportunity to conduct pilot
studies in Kazakhstan on the population ecology of
the brown bear.

We would also like to extend our gratitude for
the help in collecting field material to Laboratory of
Theriology team members Saltore K. Saparbayev
and Altynbek D. Dzhanyspaev.

149



The influence of the protected areas on the present distribution of the Himalayan brown bear ...

References

1. Heptner V.G., Naumov N.P., Yurgenson P.B., Sludskiy A.A., Chirkova A.F., Bannikov A.G. Mlekopitayuschie Sovetskogo
Soyuza [Mammals of the Soviet Union]. — 1967. — Vol. 2, Part 1. Morskie korovy i khischnye [Sea Cows and Carnivores]. Moscow,
Vysshaja shkola. — p. 410 (In Russian)

2. Swenson J.E., Taberlet P., Bellemain E. Genetics and conservation of European brown bears Ursus arctos // Mammal
Review. — 2011. Vol. 41, Issue 2. — pp. 87-98.

3. Loginov O.V. Medvedi Kazakhstana. Obyknovennyj ili evrazijskij buryj medved’ (Ursus arctos arctos L.) [Bears of
Kazakhstan. Eurasian brown bear (Ursus arctos arctos L.)] // Available at http://www.slf.kz/ru/habitatsinkz/67-medvedi-kazakhstana
(accessed on 14.04.2022) (In Russian)

4. Tumendemberel O., Zedrosser A., Proctor M.F., Reynolds H.V., Adams J.R., Sullivan J.M. et al. Phylogeography, genetic
diversity, and connectivity of brown bear populations in Central Asia // Plos One. —2019. Vol. 14, Issue 8. €0220746. doi:10.1371/
journal.pone.0220746

5. Grachev Yu.A. Tyan’-Shan’skiy buryy medved’ [Tian Shan brown bear] // Red Data Book of Republic of Kazakhstan. —
2010. — Vol. 1, Part 1. 4th edition. Almaty, Kazakhstan. — pp. 232-233 (In Russian)

6. Sul., Aryal A., Hegab I.M., et al. Decreasing brown bear (Ursus arctos) habitat due to climate change in Central Asia and
the Asian Highlands // Ecology and Evolution. — 2018. No. 8. — pp. 11887-11899. doi:10.1002/ece3.4645.

7. Antipin V.M. Ocherki nazemnykh pozvonochnykh khrebta Karatau [Essays on the terrestrial vertebrates of the Karatau
ridge] // Bulletin of the Moscow Society of Naturalists. Biological series. — 1955. Vol. 60, Issue 1. — pp. 33-38 (In Russian)

8. Kantarbayev S.S., Mynbayeva B.N. Ekologiya burogo medvedya v uschel’yakh Zailiyskogo Alatau (Severnyy Tyan’-
Shan’) [Ecology of the Brown Bear in the Gorges of the Ile Alatau (Northern Tian Shan)] // Abay Kazakh National Pedagogical
University Bulletin. The “Estestvenno-geograficheskie nauki” Series. — 2016. Vol. 4, Issue 46. — pp. 70-78 (In Russian).

9.  Zhiryakov V.A. Pitanie i biotsenoticheskaya rol’ burogo medvedya v Severnom Tyan’-Shane i Dzhungarskom Alatau
[Nutrition and biocenotic role of the brown bear in the Northern Tian Shan and Dzhungarian Alatau] // Bulletin of Moscow Society
of Naturalists. Biological series. — 1980. — Vol. 85, Issue 2. — pp. 20-30 (In Russian)

10. Zhiryakov V.A. Vzaimootnosheniya burogo medvedya i dikikh kopytnykh v Zailiyskom Alatau [The relationship of
brown bear and wild ungulates in Trans-Ili Alatau] // Ecology of Bears. — 1987. — Novosibirsk, Nauka. — pp. 91-97 (In Russian)

11. Pazhetnov V.S. Buryy medved’ [Brown bear]. — 1990. — Moscow, Agropromizdat. — 213 p. (In Russian)

12. Danilov P.I., Rusakov O.S., Tumanov I.L. Khischnye zveri Severo Zapada SSSR [Carnivores of the North-West of the
USSR]. — 1979. Leningrad, Nauka. — 164 p. (In Russian)

13. Danilov P.I., Tirronen K.F., Belkin V.V., Panchenko D.V., Fedorov F.V. Buryy medved’ i otsenka ego chislennosti v
Evropeyskoy tayge [The Brown Bear and an Assessment of its Numbers in the European taiga]. — 2014. Petrozavodsk, PetroPress.
—59 p. (In Russian)

14. Pazhetnov V.S., Korablev N.P. Absolyutnyy uchet chislennosti burogo medvedya v Tsentral’nolesnom zapovednike
[Absolute counts ofbrown bear in the Central Forest Reserve] // Ecological basis for the protection and rational use of predatory
mammals. — 1979. — Moscow, Nauka. — pp. 227-228. (In Russian)

15. Gubar Y.P. Metodicheskie ukazaniya po opredeleniyu chislennosti burogo medvedya [Guidelines for Determining Brown
Bear Numbers] // State Service for the Registration of Hunting Resources of the USSR. — 1990. — Moscow. — 32 p. (In Russian)

16. Kudaktin A.N., Chestin L.E. Ispol’zovanie razmerov sleda pri izuchenii ekologii burogo medvedya v gorakh Kavkaza [The
use of Trace Sizes in Studying the Ecology of the Brown Bear in the Mountains of the Caucasus] // Ecology of Bears. — 1987. —
Novosibirsk, Nauka. — pp. 171-174. (In Russian)

17. Barnes, V.G., Smith, R.B. Estimates of brown bear abundance on Kodiak Island, Alaska // Ursus. — 1998. Vol. 10. — pp.
1-9. https://www.jstor.org/stable/3873102

18. Edwards M.A., Nagy J.A., Derocher A.E. Using subpopulation structure for barren-ground grizzly bear management //
Ursus. —2008. Vol. 19, Issue 2. — pp. 91-104. doi:10.2192/1537-6176-19.2.91

19. Noyce K., Garshelis D., Coy P. Differential vulnerability of black bears to trap and camera sampling and resulting biases
in mark-recapture estimates // Ursus. — 2001. — Issue 12. — pp. 211-226.

20. Paczkowski J., Seryodkin 1.V. Methods of registering brown bears and determining the density of their populations. —
2004. — Petropavlovsk-Kamchatsky.

21. Mace R.D., Minta S.C., Manley T.L., Aune K.E. Estimating grizzly bear population size using camera sightings // Wildlife
Society Bulletin. — 1994. — Issue 22. — pp. 74-83.

22. Martorello D.A., Eason T.H., Pelton M.R. A sighting technique using cameras to estimate population size of black bears //
Wildlife Society Bulletin. —2001. — 29. — pp. 560-567.

23. Kelly M.J., Holub E.L. Camera Trapping of Carnivores: Trap Success Among Camera Types and Across Species, and
Habitat Selection by Species, on Salt Pond Mountain. Giles County. Virginia // Northeastern naturalist. — 2008. — Vol. 15, Issue
2. —pp. 249-262.

24. Linnell J.D.C., Swenson J., Landa A., Kvam T. Methods for Monitoring European Large Carnivores. A Worldwide Review
of Relevant Experience // Norsk institute for natursforskning. — 1998. — Issue 549. — pp. 1-38.

25. Puchkovskiy S.V., Buinovskaya M.S., Voronetskaya D.K., Neustroev G.V. On the studies of marking behavior of brown
bear in terms of tree diameter selectivity // Contemporary Problems of Ecology. —2012. —Vol. 5, Issue 1. — pp. 104-109. doi:10.1134/
$1995425512010146

150



S.S. Kantarbayev et al.

26. Revilla E., Fernandez D.R., Fernandez-Gil A., Sergiel A., Selva N., Naves J. Brown bear communication hubs: patterns
and correlates of tree rubbing and pedal marking at a long-term marking site // Peerj. — 2021. — Vol. 9. — e10447. doi:10.7717/
peerj.10447

27. Grachev Yu.A. Buryy medved’ / Gvozdev EV, Strautman EI (eds) Mlekopitayuschie Kazakhstana: v 4 t. [Mammals of
Kazakhstan: in 4 parts]. — V. 3, Part 1: Khischnye (sobach’i, medvezh’i, enotovye), lastonogie (nastoyaschie tyuleni) [Carnivores
(Canidae, Ursidae, Procyonidae), Pinnipedia (Phocidae)]. — 1981. Almaty, Nauka, KazSSR. — pp. 149-191. (In Russian)

28. Seryodkin 1.V., Kostyria A.V., Goodrich J.M. Marking Activity Of Brown Bear (Ursus arctos) In The Sikhote-Alin
Mountains // Zoologichesky Zhurnal. — 2014. — Vol. 93, Issue 5. — pp. 694-702. doi:10.7868/s0044513414050079

29. Ognev S.I. Mlekopitayuschie Tsentral’nogo Tyan’-Shanya (Zailiyskogo i Kungey-Alatau) [Mammals of the Central Tian
Shan (Trans-Ili and Kungei Alatau)] // Materials for the knowledge of the fauna and flora of the USSR. Department of Zoology. —
1940. — Moscow. Moscow Society of Naturalists. — Vol. 3, Issue 18. — 40 p. (In Russian)

30. Sludskiy A.A. Otryad khischnye [Order Carnivora] / Afanasyev A.V., Bazhanov V.S., Korelov M.N., Strautman E.I. (eds)
et al. Zveri Kazakhstana [Animals of Kazakhstan]. — 1953. — Almaty. The Academy of Sciences of the Kazakh SSR. — pp. 105-123
(In Russian)

31. Grachev Y.A., Ismagulov E.Z. O territorial’'nom raspredelenii i chislennosti khischnykh mlekopitayuschikh v tsentral’noy
chasti Zailiyskogo Alatau [On the territorial distribution and number of carnivorous mammals in the central part of the Zailiyskiy
Alatau] // Zoological research for 20 years of independence of the Republic of Kazakhstan. Materials from the International Scientific
Conference. — 2011. — Almaty. — pp. 205-207 (In Russian)

32. Kantarbaev S.S., Mynbaeva B.N., Grachev A.A.., Voronova N.V. Distribution and Abundance of the Brown Bear
Population in Kazakhstan: an Analytical Review // Bulletin of the national academy of sciences of the Republic of Kazakhstan. —
2015.—Vol. 4, Issue 3. — pp. 87-93.

References

1. Antipin V.M. (1955) Ocherki nazemnykh pozvonochnykh khrebta Karatau [Essays on the terrestrial vertebrates of the
Karatau ridge]. Bulletin of the Moscow Society of Naturalists. Biological series 60(1): 33-38 (In Russian)

2. Barnes, V.G., Smith, R.B. (1998) Estimates of brown bear abundance on Kodiak Island, Alaska. Ursus 10: 1-9. https://
www.jstor.org/stable/3873102

3. Danilov P.I., Rusakov O.S., Tumanov L.L. Khischnye zveri Severo Zapada SSSR [Carnivores of the North-West of the
USSR]. Nauka: Leningrad, 1979. 164 p. (In Russian)

4. Danilov P.I., Tirronen K.F., Belkin V.V., Panchenko D.V., Fedorov F.V. Buryy medved’ i otsenka ego chislennosti v
Evropeyskoy tayge [The Brown Bear and an Assessment of its Numbers in the European taiga]. PetroPress: Petrozavodsk, 2014. 59
p. (In Russian)

5. Edwards M.A., Nagy J.A., Derocher A.E. (2008) Using subpopulation structure for barren-ground grizzly bear manage-
ment. Ursus 19(2): 91-104. doi:10.2192/1537-6176-19.2.91

6.  Grachev Yu.A.(1981) Buryy medved’. In: Gvozdev EV, Strautman EI (eds) Mlekopitayuschie Kazakhstana: v 4 t. [Mam-
mals of Kazakhstan: in 4 parts]. — V. 3, Part 1: Hischnye (sobach’i, medvezh’i, enotovye), lastonogie (nastojaschie tjuleni) [Carni-
vores (Canidae, Ursidae, Procyonidae), Pinnipedia (Phocidae)]. Nauka, KazSSR: Almaty, pp. 149-191. (In Russian)

7. Grachev Yu.A. (2010) Tyan’-Shan’skiy buryy medved’ [Tian Shan brown bear]. In: Red Data Book of Republic of Ka-
zakhstan, Vol. 1, Part 1. 4th edition. Almaty, Kazakhstan, pp. 232-233 (In Russian)

8. Grachev Y.A., Ismagulov E.Z. (2011) O territorial’nom raspredelenii i chislennosti khischnykh mlekopitayuschikh v
tsentral’noy chasti Zailiyskogo Alatau [On the territorial distribution and number of carnivorous mammals in the central part of the
Zailiyskiy Alatau]. In: Zoological research for 20 years of independence of the Republic of Kazakhstan. Materials from the Interna-
tional Scientific Conference. Almaty, pp. 205-207 (In Russian)

9.  Gubar Y.P. (1990) Metodicheskie ukazaniya po opredeleniyu chislennosti burogo medvedya [Guidelines for Determining
Brown Bear Numbers]. In: State Service for the Registration of Hunting Resources of the USSR, Moscow. 32 p. (In Russian)

10. Heptner V.G., Naumov N.P., Yurgenson P.B., Sludskiy A.A., Chirkova A.F., Bannikov A.G. Mlekopitayuschie Sovetsk-
ogo Soyuza [Mammals of the Soviet Union], Vol. 2, Part 1. Morskie korovy i khischnye [Sea Cows and Carnivores]. Vysshaja
shkola: Moscow, 1967. p. 410 (In Russian)

11. Kantarbaev S.S., Mynbaeva B.N., Grachev A.A.., Voronova N.V. (2015) Distribution and Abundance of the Brown Bear
Population in Kazakhstan: an Analytical Review. Bulletin of the national academy of sciences of the Republic of Kazakhstan 4(3):
87-93.

12. Kantarbayev S.S., Mynbayeva B.N. (2016) Ekologiya burogo medvedya v uschel’yakh Zailiyskogo Alatau (Severnyy
Tyan’-Shan’) [Ecology of the Brown Bear in the Gorges of the Ile Alatau (Northern Tian Shan)]. Abay Kazakh National Pedagogical
University Bulletin. The “Estestvenno-geograficheskie nauki” Series 4(46): 70-78 (In Russian)

13. Kelly M.J., Holub E.L. (2008) Camera Trapping of Carnivores: Trap Success Among Camera Types and Across Species,
and Habitat Selection by Species, on Salt Pond Mountain. Giles County. Virginia. Northeastern naturalist 15 (2): 249-262.

14. Kudaktin A.N., Chestin LE. (1987) Ispol’zovanie razmerov sleda pri izuchenii ekologii burogo medvedya v gorakh Ka-
vkaza [The use of Trace Sizes in Studying the Ecology of the Brown Bear in the Mountains of the Caucasus]. In: Ecology of Bears.
Nauka: Novosibirsk, pp. 171-174. (In Russian)

15. Linnell J.D.C., Swenson J., Landa A., Kvam T. (1998) Methods for Monitoring European Large Carnivores. A Worldwide
Review of Relevant Experience. Norsk institute for natursforskning 549: 1-38.

151



The influence of the protected areas on the present distribution of the Himalayan brown bear ...

16. Loginov, O.V. Medvedi Kazakhstana. Obyknovennyyj ili evrazijskij buryj medved’ (Ursus arctos arctos L.) [Bears of Ka-
zakhstan. Eurasian brown bear (Ursus arctos arctos L.)]. Available at http://www.slf kz/ru/habitatsinkz/67-medvedi-kazakhstana
(accessed on 14.04.2022) (In Russian)

17. Mace R.D., Minta S.C., Manley T.L., Aune K.E. (1994) Estimating grizzly bear population size using camera sightings.
Wildlife Society Bulletin 22: 74-83.

18. Martorello D.A., Eason T.H., Pelton M.R. (2001) A sighting technique using cameras to estimate population size of black
bears. Wildlife Society Bulletin 29: 560—-567.

19. Noyce K., Garshelis D., Coy P. (2001) Differential vulnerability of black bears to trap and camera sampling and resulting
biases in mark-recapture estimates. Ursus 12: 211-226.

20. Ognev S.I. (1940) Mlekopitayuschie Tsentral’nogo Tyan’-Shanya (Zailiyskogo i Kungey-Alatau) [Mammals of the Cen-
tral Tian Shan (Trans-1li and Kungei Alatau)]. In: Materials for the knowledge of the fauna and flora of the USSR. Department of
Zoology. Moscow Society of Naturalists: Moscow, 3(18): 40. (In Russian)

21. Paczkowski J., Seryodkin 1.V. Methods of registering brown bears and determining the density of their populations.
Petropavlovsk-Kamchatsky, 2004.

22. Pazhetnov V.S., Korablev N.P. (1979) Absolyutnyy uchet chislennosti burogo medvedya v Tsentral’nolesnom zapoved-
nike [Absolute counts of brown bear in the Central Forest Reserve]. In: Ecological basis for the protection and rational use of preda-
tory mammals. Nauka: Moscow, pp. 227-228 (In Russian)

23. Pazhetnov V.S. Buryy medved’ [Brown bear]. Agropromizdat: Moscow, 1990. 213 p. (In Russian)

24. Puchkovskiy S.V., Buinovskaya M.S., Voronetskaya D.K., Neustroev G.V. (2012) On the studies of marking behavior of
brown bear in terms of tree diameter selectivity. Contemporary Problems of Ecology 5(1): 104-109. doi:10.1134/s1995425512010146

25. Revilla E., Fernandez D.R., Fernandez-Gil A., Sergiel A., Selva N., Naves J. (2021) Brown bear communication hubs:
patterns and correlates of tree rubbing and pedal marking at a long-term marking site. Peerj 9: ¢10447. doi:10.7717/peerj.10447

26. Seryodkin I.V., Kostyria A.V., Goodrich J.M. (2014) Marking Activity Of Brown Bear (Ursus arctos) In The Sikhote-Alin
Mountains. Zoologichesky Zhurnal 93(5): 694-702. doi:10.7868/s0044513414050079

27. Sludskiy A.A. (1953) Otryad khischnye [Order Carnivora]. In: Afanasyev A.V., Bazhanov V.S., Korelov M.N., Strautman
E.L (eds) et al. Zveri Kazakhstana [Animals of Kazakhstan]. The Academy of Sciences of the Kazakh SSR: Almaty, pp. 105-123
(In Russian)

28. Sul., Aryal A., Hegab [.M., et al. (2018) Decreasing brown bear (Ursus arctos) habitat due to climate change in Central
Asia and the Asian Highlands. Ecology and Evolution 8: 11887-11899. doi:10.1002/ece3.4645.

29. Swenson J.E., Taberlet P., Bellemain E. (2011) Genetics and conservation of European brown bears Ursus arctos. Mam-
mal Review 41(2): 87-98.

30. Tumendemberel O., Zedrosser A., Proctor M.F., Reynolds H.V., Adams J.R., Sullivan J.M. et al. (2019) Phylogeography,
genetic diversity, and connectivity of brown bear populations in Central Asia. Plos One 14(8): €0220746. doi:10.1371/journal.
pone.0220746

31. Zhiryakov V.A. (1980) Pitanie i biotsenoticheskaya rol’ burogo medvedya v Severnom Tyan’-Shane i Dzhungarskom
Alatau [Nutrition and biocenotic role of the brown bear in the Northern Tian Shan and Dzhungarian Alatau]. Bulletin of Moscow
Society of Naturalists. Biological series 85(2): 20-30 (In Russian)

32. Zhiryakov V.A. (1987) Vzaimootnosheniya burogo medvedya i dikikh kopytnykh v Zailiyskom Alatau [The relationship
of brown bear and wild ungulates in Trans-Ili Alatau]. In: Ecology of Bears. Nauka: Novosibirsk, pp. 91-97 (In Russian)

Information about authors:

Kantarbayev Sanzhar (corresponding author) — master’s degree, Research associate in Laboratory Bioceniloge and Game
management of the Institute of Zoology of the Republic of Kazakhstan (Almaty, Kazakhstan, email: sanzhar.kantarbayev@zool.kz)

Grachev Alexey — master’s degree, Head of Laborotory of Teriologi of the Institute of Zoology of the Republic of Kazakhstan
(Almaty, Kazakhstan, email: alexey.grachev@zool.kz)

Grachev Yuri — Candidate of Biological Sciences, Senior researcher in Laborotory of Teriologi of the Institute of Zoology of the
Republic of Kazakhstan (Almaty, Kazakhstan, email: yuriy.grachev@zool.kz)

Bizhanova Nazerke — PhD of biology, Research associate in Laboratory of Teriologi of the Institute of Zoology of the Republic
of Kazakhstan (Almaty, Kazakhstan, email: nazerke.bizhanova@zool.kz)

Aemopnap mypansl manimem:

Kanmapbaes Canoicap Caxenosuu (koppecnonoenmubiii asmop) — macucmp, buoyenonoeus scone Anwvinvixkmany aabopamo-
pusicwl, 300102us UHCIUMYmbl ebLabIMU Kbizmemxepi, (Aimamol, Kazaxcman, email: sanzhar.kantarbayev@zool.kz)

I'paues Anexceii Anexceanoposuu — macucmp, Tepuonoeus nabopamopusicel 300102usl UHCMUMYMbL 3ePMXAHA MeHeepPYWiCI,
(Anmamul, Kazakceman, email: alexey.grachev@zool.kz)

I'paues FOpuii Anexcnoposuu — buonozus gvtivimoapuvinbiy kanouoamul, Tepuonoeus 1abopamopusicvl 300102uUs UHCIUNYMbL
aga evlnbimu Kpizsmemrkepi, (Animamol, Kazaxceman, email: yuriy.grachev@zool.kz)

Buosicanosa Hazepre Okimxwvizvr — PhD, Tepuonocus nabopamopusicol 300102us uHCIMumymul SulivblMu Kvlzmemkepi, (Animamol,
Kazaxcman, email: nazerke.bizhanova@zool.kz)

Received November 30, 2023
Accepted February 20, 2024

152



5-0e11M
AJIAM MEH KAHYAPJIAP
OUBNOJIOTI'UMACHI

Section 5
HUMANS AND ANIMALS
PHYSIOLOGY

Pa3znen 5
OU3NO0JIOTI' U
YEJOBEKA U ')KUBOTHbIX



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Nel (98). 2024 https://bb.kaznu.kz

IRSTI 34.05.17 https://doi.org/10.26577/eb.2024.v98.i11.013

A.K. Zhantleuova'* @, A.S. Karimova' @, B.A. Davletov? ™

"Department of Biophysics, Biomedicine and Neuroscience, Al-Farabi Kazakh National University,
Kazakhstan, Almaty
2Department of Biomedical Science, University of Sheffield, UK, Sheffield
*e-mail: zhantleuova_aisha@live.kaznu.kz

USE OF RAT GRIMACE SCALE IN PAIN RESEARCH

Since its introduction in 2011, the Rat Grimace Scale (RGS) has proven to be a valuable tool for pain
assessment in preclinical studies. This scale includes the assessment of four functional units to quantify
pain responses in rats. By observing and assessing changes such as orbital tightening, nose/cheek flat-
tening, ear changes, whisker change researchers can objectively assess the severity of pain experienced
by animals. In our article, we offer an overview of a various studies applying this method across surgi-
cal and postoperative pain models, inflammatory pain models, orthodontic and orofacial pain models,
neuropathic pain models, and others. This study specifically investigates the effectiveness of the RGS
in assessing pain in rats, with a particular focus on a nitroglycerin-induced migraine model. The article
underscores the humane and non-invasive nature of the RGS, aligning with current ethical standards in
animal research. Additionally, it explores the potential application of the RGS across diverse disciplines,
including neuroscience, pharmacology, and veterinary medicine. The study also addresses limitations
and biases in the current pain assessment methods, proposing future research directions to enhance
accuracy and ethical practices in animal pain research. The development of an automated RGS system
capable of identifying facial action units in rat images and predicting RGS scores has become imperative
to to reduce the labor intensity of the image acquisition and scoring process.

Key words: rat grimace scale, pain, migraine, preclinical study.
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AybIPCbIHYAbI 3€pTTey Ke3iHAe ereyKyMpbiKTapAbIH,
bet-aAneti LLIkaracbiH KOAAQHY

2011 XbIAbl eHrisiareHHeH 6acTar, EreykyipbikTapabiH, bet-aaneti LLkaaackl (EBLL) kanHuMKara
AENiHr  3epTTeyAepAeri - ayblpCbiHyAbl  0aFraAayAblH  KYHAbl  KypaAblHa aiHaAabl. ByA likaAa
ereyKympblKTapAarbl ayblPCbiHY peakuMsSAapbiH CaHAbIK, 6araAay YLiH TOPT PyHKUMOHAAAbI BipAIKTi
6ararayAbl KaMTuAblL. OpOUTaAAbIK TapbIAY, MYPbIH MEH LLLEKTIH, TEriCTEAYI, KYAaK MeH MypTTbiH e3repyi
CUSIKTbI e3repicTepai 6akbiaay >keaHe 6araray apKbiAbl 3epTTeyLiAep XKaHyapAapAbIH, ayblPCbIHYbIHbIH
aybIPAbIFbIH OOBEKTMBTI TypAe Oararar anaabl. Bi3aiH Makarapa 6i3 GyA 8AiIC XMPYPrUsIAbIK, XKoHe
ornepauusiaaH KemiHri ayblpCbiHy YATIAEpiHAE, KabbiHy aypybl YAriAepiHAE, OPTOAOHTMSIAbIK, >KoHe
aybi3-6eT aypybl YAriAepiHAE, HEBPOMATUSIAbIK, aYbIPCbIHY YATIAEPIHAE XKOHE T.6. KOAAAHbBIAFAH BPTYPAI
3epTTEYAEpre WOAY XKacaMbi3. 3epTTey ereykynpbikTapAarbl ayblpCbiHyAbl 6ararayAa EBLL TUimaiAiriH
KepceTeAi, HUTPOrAMLIEPUHMEH WMHAYKUMSAQHFAH MUIpeHb YATiCiHe epeklle Ha3ap ayAapblAaAbl.
JKaHyapAapAbl 3epTTeyae Kasipri 3TMKaAblK, CTaHAQPTTapFa COMKEC KEAETIH N'YMaHUTapPAbIK, MHBA3UBTI
emec aaic petiHae EBLL peai atan eTiAeai. HelpofbiAbIM, hapMakOAOrMs >KeHe BeTepMHapUsIHbI Koca
aAFaHAa, apTypAi neHaepae EBLLI koaaaHy aAeyeTi 3epTTeseai. 3epTrey ayblpCbiHyAbl GararayAblH,
KOAAQHBICTaFbl ©AICTEPIHAErN LUEKTEYAEPAI KapacCTblpaAbl, aybIpCbiHYAbl 3epTTeY CaAaCbIHAAFbI
ABDAAIKTI XKaKCapTy XXOHEe 3TUKAAbIK epeXxxeAepAi cakTay YiLiH 6oAallak 3epTTeyAepAiH 6arbITTapbiH
YCblHaAbl. Ereykympblk KeckiHAepiHAEeri (pyHKUMOHaAABIK, BipAikTepAi aHbikTayFa >keHe EBLLI
GararayAapblH GoAXKayFa KabiAeTTi aBToMaTTaHAbIpbiAFaH EBLL >xyreciH a3ipAaey KeckiHAEpAI aAy
>KaHe Baraay NMPOLECiHiH KYPAEGAIAITIH a3anTy yiiH Ka>keT 60AADI.

Ty¥iH ce3aep: ereyKymnpbIKTapAbiH OET-9AMETI LKAAACDI, ayblPCbIHY, MUTPEHb, KAMHUKaFa AEMiHTi
3epTTey.
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Mcnoab3oBanue LLkaabl pumac KpbiCbl
B MCCAEAOBAHUSAX 6OAM

C MomeHTa cBoero BHeapeHns B 2011 roay Lllkaaa Tpumacbl Kpbic (LUTK) ctasra ueHHbIM
MHCTPYMEHTOM AASI OLEHKM BOAM B MPEKAMHUYECKMX MCCAEAOBAHMSIX. JTa LWIKAAA BKAIOYAET OLEHKY
yeTbipex (PYHKLMOHAAbHbBIX € AVHULL AASI KOAMUYECTBEHHOM OLLeHKM GOAEBbIX peakLmii y Kpbic. Habatoaast
M OLLEHMBAs TaKMe U3MEHEHMs Kak OpOUTAAbHOE Cy>KEHME, YTMAOLLEHME HOCA U LLIEK, U3MEHEHUE yLleit
M YCOB, UCCAEAOBATEAM MOTYT OOBEKTUBHO OLEHUTb TSXKECTb GOAU, KOTOPYIO UCTIbITHIBAIOT KUBOTHbIE.
B Halweit cTatbe Mbl peAoCcTaBAsieM 0630p Pa3HOOOPA3HbIX MCCAEAOBAHUI, B KOTOPbIX AQHHbIA METOA
MPUMEHSIACS B XMPYPIrUUECKMX U MOCAEONEePALMOHHbIX MOAEASIX BOAM, BOCMIAAUTEABHBIX MOAEASIX BOAM,
OPTOAOHTMYECKMX M OpOPaLMaAbHbIX MOAEASX OOAM, HEBPOMATUUECKMX MOAEASIX 60AM U Apyrux. B
NCCAEAOBaAHMM AeMOHCTpupyeTcst addpekTrBHOCTb LUTK npm oueHke 60AM y KpbiC, 0cO60€ BHMMaHMe
YAEGASETCS MOAEAM MUIPEHU, WHAYLIMPOBAHHOM HUTPOrAMUEpuHOM. B cTaTbe mnoauvepkumBaeTcs
poab LLTK kak ryMaHHOro, HeMHBa3MBHOIO METOAQ, COOTBETCTBYIOLLENO COBPEMEHHbBIM 3TUUYECKMM
CTaHAQPTaM B MCCAEAOBAHMAX Ha >KMBOTHbIX. Kpome Toro, nayyaercs noteHuman npumerenmns LLITK
B Pa3AMYHbBIX AMCLIMMAMHAX, BKAIOYAS HEMPOHAyKy, )apMakKOAOrMio 1 BeTepuHapuio. MccaepoBaHue
TaKKe pPacCMaTpuBaeT OrpaHuWueHus B CYyLLECTBYIOWIMX METOAAX OUeHKM 00AM, MpeaAsaraer
HanpaBAeHUS GYAYLUMX UCCAEAOBAHUI AAS MOBbILEHUSI TOYHOCTU M COBAIOAEHMS 3TUYECKMX HOPM
B 00AaCTM MCCAeAOBaHMin 60An. PaspaboTtka aBTomatmsmpoBaHHoOi cucTembl LUK, crnoco6Hom
MAEHTUDULMPOBATL (DYHKLIMOHAAbHbBIE EAMHMLBI HA M306PAKEHUSAX KPbIC M MPOrHO3MPOBATb OLLEHKM
LLTK, cTarna HEOGXOAMMOM AASI YMEHDbLLEHWS TPYAOEMKOCTHM MPOLIECCA MOAYUEHUS M300PAKEHNIA U 1X
OLLEHKM.

KAtoueBble CAOBa: LKAAQ FPUMAChI KPbIC, 6OAb, MUTPEHb, MPEKAMHUYECKME MCCAEAOBAHUS.

Abbreviations
RGS — rat grimace scale, NTG — nitroglycerin
Introduction

It is imperative to employ a diverse range of
methods for assessing pain in animal models. This
necessity arises from the fact that animals lack
the ability to provide feedback on their pain in the
manner humans do during a medical examination.
A similar challenge is encountered in studies
conducted on non-verbal patients, such as children
who have not yet learnt to speak. In such cases,
pain assessment is often relies on analyses of facial
characteristics. Drawing on Darwin’s observation
that animals exhibit changes in facial expressions
analogous to humans when expressing emotion
[1], a mouse grimace scale [2] was developed in
2010. Subsequently, in the following year, a similar
rat grimace scale was introduced to evaluate the
pain state of rats [3] This progression was logical,
considering that the number of studies utilizing rats
in pain research has consistently outnumbered those
employing mouse models (Figure 1).

The rat grimace scale is utilized to assess rat
head images based on four distinctive features
[3]:

1. Orbital Tightening: This involves the
narrowing of the orbital area, manifesting either
as (partial or complete) eye closure or eye
“squeezing”;

2. Nose/Cheek Flattening: This feature observes
the reduction inbulging of the nose and cheek,
eventually leading to the absence absence of the
crease between the cheek and whisker pads;

3. Ear Changes: Ears exhibit folding, curling
and angling forwards or outwards, resulting in a
pointed shape, and the space between the ears may
appear wider;

4. Whisker Change: Vibrissae move forward
(away from the face) from the baseline position,
tending to bunch and giving the appearance of
whiskers standing on end.

The manifestation of these characteristics varies
in relation to the presence and severity of pain, as
depicted in Figure 2. Each of the four functional
units is assigned a score on a 3-point scale: 0
indicates no change, 1 indicates moderate change,
and 2 indicates marked change.
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Figure 1 — Number of articles in the PubMed database for the keywords “pain” and “rat”
or “pain” and “mice” for 2010-2023. (A) Articles by year ; (B) Total number for the period.
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Figure 2 — Comparison of rat grimaces without pain (left) and with pain (right).

A comprehensive search of the PubMed database  scale in various pain models, assess its suitability for
was conducted, covering articles up to October 23,  gauging pain status, and determine the optimal timing
2023, using the keywords “rat grimace scale” and  for obtaining photographs post-surgery or injection.
“pain” The aim was to analyze the utilization of the =~ The article selection workflow is outlined in Figure 3.

Figure 3 — Scheme for selecting articles for analysis.
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The application of the rat grimace scale and postoperative pain models, inflammatory pain
extends to various pain models, which can be models, orthodontic and orofacial pain models,
broadly categorizedinto five main types: surgical  neuropathic pain models and others (Table 1).

Table 1 — Studies that have used RGS to assess different pain models

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Yes, there was a significant increase until 6
Sotocinal et al. (2011) [3] hours, with the highest level observed at 6
hours
Yes, there was a significant increase until 8
Chi et al. (2013) [4] hours, with the highest level observed at 4
hours
Yes, there was a significant increase until 8
Kawano et al. (2014) [5] hours, with the highest level observed at 4
hours
Waite et al. (2015) [6] Yes
Laparotomy .. . .
Thomas et al. (2016) [7] Yes, there was a significant increase until 8
hours
Gao et al. (2017) [8] Yes

Yes, all surgical groups developed significant
Guo et al. (2017) [9] acute pain starting 2 h postoperatively and
recovered to baseline level 12 h after surgery

Yes, with the highest level observed at 0.5 hour

Klune ez al. (2019) [10] post-operatively

Surgical apd Koyama et al. (2019) [11] Ees, Wl;h the }klnlgh?st levgl (()ibserved at2,4,6
postoperative ours after inhalation perio
pain models

Yes, there was a significant increase until 8
Implantation surgery Oliver et al. (2014) [12] hours, with the highest level observed at 4
hours

Yes, there was a significant increase at 6 hours

De Rantere et al. (2016) [13] and 9 hours

Incisional pain Kawano et al. (2016) [14] Yes, there was a significant increase at 2 hours

Yes, there was a significant increase at 2 hours

Yamanaka et al. (2017) [15] L
post 1incision

Yes, animals exhibited a significant increase in
Schneider et al. (2017) [16] average grimace score 20 sec after the acetone
application

Yes, presence of pain was evident until Day 7

Krishnan ef al. (2019) [17] in the conventionally spinal cord injured group

Laminectomy
Harikrishnan ez al. (2021) [18] Yes
Yes, all rats exhibited pain, which diminished
Pal et al. (2022) [19] by 10 days and stayed low
Semita et al. (2023) [20] Yes
Craniotomy model Tsaousi et al. (2022) [21] Yes
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Table continuation

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Yes, there was a significant increase until 24
Sotocinal ef al. (2011) [3] hours, with the highest level observed at 6
hours
Complete Freund’s Yes, the RGS score was significantly increased
adjuvant (CFA) model from the baseline at 6 hour, day 1 (the highest)
Asgar et al. (2015) [22] and day 3 and returned to the baseline level by
day 7
De Rantere et al. (2016) [13] Yes, the highest increase was at 4 hours
Sotocinal ef al. (2011) [3] Yes, there was a significant increase at 3 hours
lnﬂ.ammatory De Rantere et al. (2016) [13] Yes, there was a significant increase at 6 hours
pain models and 9 hours
Kaolin/carrageenan

carrageenan model

Leung et al. (2016) [23]

Yes, there was a peak in carrageenan-induced
pain at 6 hours

Leung et al. (2019) [24]

Yes, with an expected peak in carrageenan-
induced pain at 6 hours

Lipopolysaccharide-

induced dental pulp Nurhapsari ef al. (2023) [25] Yes
inflammation

Exper.1 meI}tal AC ute Lovrenci¢ et al. (2020) [26] Yes, within 40 minutes after injection
Rhinosinusitis

Orthodontic and
orofacial pain
models

Tooth Movement

Liao et al. (2014) [27]

Yes, there was a significant increase on day 1
and day 3

Long et al. (2015) [28]

Yes, it started to increase on day 1, peaked on
day 3, maintained at the increased level on day
5 and day 7, and returned to baseline level on
day 14

Gao et al. (2016) [29]

Yes, RGS scores were significantly higher on
day 1, day 3, day 5, and day 7

Guo et al. (2019) [30]

Yes, there was a significant increase until 7
days, with the highest level observed on day 3

Jaw loading

Sperry et al. (2018) [31]

Yes, there was a significant increase until 7
days, with the highest level observed on day 5

Force-induced pain

Thammanichanon et al. (2021) [32]

Yes, there was a significant increase until 3
days

Orofacial Pain

Long et al. (2017) [33]

Yes, the pain levels were the highest on days
1 and 3

Neuropathic pain
models

Cervical Radiculopathy

Philips ef al. (2017) [34]

Yes, RGS values were the highest at 6 hours
after cervical nerve root compression

Trigeminal neuropathic
pain

Akintola et al. (2017) [35]

Yes, RGS scores 10 days 27 days after CCI
were higher in experimental group
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Table continuation

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Goder et al. (2021) [36] Yes
Burn model
Goder et al. (2022) [37] Yes
Model of intracerebral Saine et al. (2016) [38] Yes
hemorrhage Wilkinson e al. (2020) [39] | Yes
Model of e
No, RGS lacked the sensitivity to successfull
Chemotherapy-Induced George et al. (2019) [40] discriminate pain in this mo dgi y
Mucositis
Yes, a significant increase in the RGS score,
. which was sustained for 2 weeks or more after
Model of fibromyalgia Nagakura et al. (2019) [41] the induction of fibromyalgia-like state by
Other pain reserpine injection
models

Tanei et al. (2020) [42]

Yes, RGS score for reserpine-induced
fibromyalgia-like rats was significantly higher

Model of fibromyalgia
Traumatic Injury compared to that for control group
Uddin et al. (2019) [43] Yes
Traumatic Injury Kudsi et al. (2023) [44] Yes

NGF-Induced
Trunk Mechanical

Reed et al. (2020) [45]

Yes, RGS scores increases reached significance

Hyperalgesia on Day 5 +4h
Temporomandibular Yes
joint osteoarthritis Liu et al. (2022) [46]
chronic pain
Endometriosis model Chen et al. (2024) [47] Yes

In terms of the number of scorers, vary in
their approach, ranging from a single experienced
scorer to several researchers trained in the use of
the scale but lacking prior experienceexperience
in image assessment. It is crucial to highlight
that these scorers analyzed the images blindly,
without information about the groups or conditions
of the study. Data analysis commonly involves
calculatingthe mean values of each scorers’ scores
for each of the four functional units, followed by
averaging these values across all assessors. This
method ensures the generation of reliable and
objective results, minimizing the potential impact
of subjective assessments by individual scorers.
In cases involving multiple assessors,statistical
measures such as Cronbach’salpha are often
employed. Ponterotto and Ruckdeschel [48]
proposed that alpha values exceeding 0.75 are
excellent for scales with a small number of items.
Two methods are employed for obtainingimages
of rats: video recording of rats over a period of a

specified period, followed by photo extraction, and
direct photography of rats. It’s worth noting that
both frontal and profile images of rats can be used
for grimace estimation. Following photography,
the images wundergo processing, including
randomization and the removal of removing all
identifying features, before being presented to
assessors for evaluation.

The RGS has emerged as a valuable tool for
pain assessment in laboratory rats, offering several
advantages over other methods. Most of the methods
assess pain by evaluating responses to nociceptive
stimuli like mechanical, thermal, and chemical
reactions or overall changes in behavior such as
weight loss and socialization pattern changes.
Although these tests offer valuable insights into the
well-being of rats, conventional evaluations of pain
responses face challenges in establishing a direct
correlation between behavior and the actual pain
experience. Many of these tests primarily monitor
secondary responses to pain, such as withdrawal
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latency from a stimulus, rather than directly
capturing the subjective pain experience itself.

The RGS measures characteristic changes in
facial expressions associated with pain, providing
a non-invasive means of pain evaluation. This
method has been shown to be sensitive in different
pain models, demonstrating its its versatility and
effectiveness in different pain contexts. Compared
to other pain assessment tools, the RGS has been
noted for its ability to capture spontaneous pain,
representing the animal’s affective response to
pain [32]. This is a crucial advantage, as the RGS’s
remarkable ability to measure spontaneous pain,
particularly in conditions like migraine characterized
by this type of pain, holds immense potential for
successfully translating basic science findings into
clinically relevant applications.

The RGS provides ethical advantages in the
assessment of pain in laboratory rats. By offering a
non-invasive method for quantifying pain through
facial expressions, the RGS reduces the need for
invasive procedures or distressing manipulations that
may be involved in other pain assessment methods.
This aligns with the ethical principle of minimizing
harm and distress to research animals, as the RGS
allows for pain assessment without subjecting the
animals to additional stress or discomfort.

The primary goal of this study was to
investigate the potential of the RGS as a tool for
pain assessment across diverse scientific research
contexts. Subsequently, the secondary aim was to
reassess the effectiveness of the RGS in evaluating
pain in rats, with a specific focus on a model of
nitroglycerin-induced migraines. Lastly, the tertiary
objective aimed to advocate for the integration of
technological advancements in pain assessment
methods.

Materials and Methods

Ethical approval.

All experiments conducted in this study received
ethical approval from the local Ethics Committee
of Al-Farabi Kazakh National University located
in Almaty, Republic of Kazakhstan. Approval was
granted with the permission number IRB-377 on 24
February 2022.

Animals and their housing.

The study utilized sexually mature male
white laboratory mongrel rats born and bred in
the educational and scientific laboratory base of
Al-Farabi Kazakh National University. Animals
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were housed under natural light conditions at a
temperature of 21-22°C, in cages with hard floor and
soft bedding. Food and water were provided to the
animals ad libitum. Prior to behavioral tests, animals
underwent a one-week acclimatization period and
were familiarized with the test equipment and
procedures. All tests were conducted between 8:00
to 14:00.

Migraine model.

To induce and chronicize migraine, five
intraperitoneal injections of nitroglycerin at a dose
of 10 mg/kg were administered every other day for
ten days, using an insulin syringe with a 30G needle.
Animals in the control group received injections of
0.9% saline solution in the same volume The injected
volume was determined by measuring the weight
of the animals on the day of the study. Following
injection, animals were placed in recovery cages
and observed for several minutes.

Rat grimace scale.

The rat grimace scale was employed to quantify
pain. Photographs were manually taken 30 minutes
after each of the five injections. Evaluation was
based on the image that best depicted orbital
tightening, based on a 3-point scale (0 — no change,
1 — moderate change, 2 — obvious change). Two
independent investigators, unaware of the groups,
performed these evaluations.

Methods of statistical processing of data.

Data were statistically analyzed using GraphPad
Prism version 10.0.3 and SPSS 29.0 software.
Results are presented as mean values (MEAN)
with standard error (SEM). Two-way ANOVA was
employed to determine the statistical significance of
the behavioural results, with significance defined as
P<0.05.

Results and Discussion

Image collection

A total of 60 images (see Figure 4A), gathered
from 12 rats on each of the 5 days during the
induction of migraine episodes, were selected for
analysis. The scores were averaged across the two
raters to derive an overall pain score for each rat.

Reliability assessment

Reliability varied based on the action unit being
rated. The overall inter-rater reliability, as measured
by was Cronbach’s alpha, was 0.89 (see Figure 3B).
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Grimace scores and stability

Grimace scores were consistently higher in the
NTG group, remaining relatively stable over the
course of the 5 test sessions when compared to the
control group (refer to Figure 3C).

ANOVA results

A two-way ANOVA conducted on this dataset
revealed substantial main effects for Treatment
[F(1,10) = 63.00, p < 0.0001] and the Treatment
x Test Session interaction [F(4,40) = 2.755, p =
0.0409]. However, the Test Session [F(2.970,29.70)
=2.741, p = 0.0613] did not reach significance.

In the context of migraine research, the RGS
proves to be a valuable tool for evaluating pain
in various pain models, demonstrating consistent
patterns in response to nitroglycerin across multiple
migraine episodes. Among the four functional
units comprising the Rat Grimace Scale, orbital
tightening emerges as the most observable and
quantifiable in this rodent migraine model. The data
reveal the highest inter-rater agreement in assessing
orbital tightening. According to the Harris et al
[49], orbital tightening may represent a behavioral
manifestation of acute hyperalgesia related to

( A) 1 injection 2 injection
2
S
2
g
O
o
£
5
=
(B) Cronbach a
RGS overall 0,893
Orbital tightening 0,965
Nose or cheek 0,693
flattening
Ear position 0,790
Whisker change 0,690

3 injection

migraine photosensitivity. On the other hand,
Yamamoto et al. study in 2016 [50] offers evidence
supporting the idea that nausea can influence the eye
action unit.

However, there are several critical aspects
surrounding the application of grimace scales in
rats that should be considered. Notably, in both the
original study and subsequent investigations, no sex
differences were identified in grimace responses
among rats. However, a notable observation is that
the majority of grimace studies in rats appear to
have been conducted in a singular sex, signifying
a potential gap in our understanding of sex-specific
responses. Furthermore, external environmental
factors, such as the presence of observers, have been
shown to influence grimace responses in rodents.
The study by Sorge ef al. suggests that the gender
of the observer can affect grimace scores, with
significant decreases recorded in the presence of
male observers, indicating a potential physiological
stress response [51]. This finding prompts questions
about the potential confounding effects of external
stimuli on grimace scales and underscores the
necessity for careful consideration of environmental
factors in experimental design.

5 injection

4 injection
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Figure 4 — (A) Representative images used to evaluate the RGS, (B) Internal consistency
of scoring (Cronbach a)) among 2 blinded raters, (C) RGS across 5 test sessions. Values represent mean+SEM.
*Indicates p<0.05, ** indicates p<0.01, **** indicates p<0.0001. Sample size was n=6 per group.
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While grimace scales offer valuable insights into
pain assessment in rats, the discussion underscores
the need for a comprehensive exploration of factors
influencing grimace responses, including sex
differences and external environmental stimuli.

Conclusion

In conclusion, the field of rat grimace scale in
biomedical research holds immense promise, with
the potential to transform both preclinical pain
research and veterinary pain management. Despite
a decade of investigation, widespread adoption has
been hindered by labor-intensive methodologies
involving manual image extraction and scoring.
However, recent advancements, particularly the
integration of Artificial Intelligence (Al) and object
recognition technologies, offer exciting possibilities
for automation and efficiency.

The future trajectory of grimace scales is poised
to benefit significantly from Al, streamlining
tasks such as image selection, parameter
randomization, data reassembly, and statistical

processing. Al systems have the potential to
excel in key areas, including selecting optimal
photographs, standardizing images, and conducting
measurements. This technological evolution not
only enhances efficiency but also opens avenues
for large-scale implementation, addressing practical
challenges associated with dealing with substantial
numbers of animals.

Furthermore, the success demonstrated in mice,
as evidenced by Tuttle et al. [52] convolutional
neural network achieving a remarkable accuracy
of approximately 93%, underscores the viability
and reliability of machine learning and Al in
grimace recognition. As these technologies
mature, they hold the promise of making rat
grimace scale scoring a routine outcome measure
through facility-automated systems, addressing
public concerns about ethical decision-making in
biomedical research. The integration of Al is not
just a technological advancement but a pivotal step
toward unlocking the full transformative potential
of grimace scales in advancing pain research and
management.
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OLIEHKA COPBUPYIOLLLIMX CBOMCTB LLUPOTA KOPHEM KATPAHA
KOYU (CRAMBE COCHIANA) U CBEPBUIM BOCTOYHOM
(BUNIAS ORIENTALIS L.) U3 CEMEMCTBA KAMYCTHbIE
(BRASSICACEAE B.)

Mpob6AaeMa 3arpsi3HeHMs OKPY>KAIOLWEN CPeAbl SIBASIETCS FTAOBAAbHOM U MMEET MHOrOCTOPOHHMWE
nocaeactsms. OAHO M3 HWX — MoOMaAaHWe TOKCMKAHTOB B OpraHM3m YeAoBeKa C MUTbEBOM BOAOM
M MNPOAYKTaMM MNUTaHUS. XPOHMUYECKAs WMHTOKCUMKAUMS TIKEAbIMA MeTaAAaMK  MPeACTaBASET
ype3BblyalHyI0 ONMACHOCTb 3A0POBbIO YeAoBeKa. B CBS3M € 3TM, pa3paboTku 1 MOUCK MyTei BbIBEAEHMS
M3 OpraHM3mMa TOKCUKAHTOB M HEMTpaAM3aumn MX HeBAarornpsiTHOro BO3AEMCTBMSI HA OpraHu3Mm He
TepseT akTyaAbHOCTW. Ha CeroAHsILWHMN AeHb HA OCHOBE MHOTOUYMCAEHHbIX MCCAEAOBAHMIN U NMPAKTUKM
MOXHO YTBEPXAATb, UTO HOAbLLAS YaCTb PACTUTEALHOIO ChIPbSIM UX OTXOAOB SBASIETCS MCTOUHUKOM
AASI TOAYYEHUS pasHbIX MPOAYKTOB, K MPUMepY MULLEBbIX BOAOKOH, KOTOPble HAaxXxOAAT MpPUMEHeHne
B KauectBe copbeHToB. Halle mMccaeaoBaHme BbIAO HaMpPaBAEHO Ha OLEHKY COPOMPYIOLLMX CBOMCTB
M3 LWpOTa KOPHEN TakKMX HETPAAMLIMOHHBIX BMAOB MULLEBbIX pacTeHuit M3 cemeiictBa KanycTHble
(Brassicaceae B.) kak katpaH Koum (Crambe Cochiana) n cep6ura BoctouHas (Bunias orientalis L.)
MO OTHOLLEHUIO K COASIM CBMHLLA M KaaMms. Kak nmokasaAm MCCAeAOBaHUS, MULLEBbIE BOAOKHA KOPHeMN
AQHHbIX pacTeHWI1 06AAAAIOT COPOLUMOHHOM aKTUBHOCTBIO MO OTHOLLEHMIO K MOHaM CBMHLLA U KaAMMS.
KopHu 060ux pacTeHuini o6Aasaam GOAbLIMM CPOACTBOM K MOHaM KaAMMS, Tak>Ke BbISIBAEHO, 4TO
COPOLMOHHBIM MOTEHUMAA LIPOTA KOPHEN CBEPOUIM HECKOAbKO BbllE, YeM Yy KaTpaHa, XOTs Mnpu
MCCAEAOBAHMM OOPA3LOB Ha HAAMUME MULLEBbIX BOAOKOH B KOPHSX CBEPOUIrM BbIAO OBHApY>KeHO MX
MeHblLiee CoAEp>KaHMe.

KAloueBble CAOBa: TSKEAblE METaAAbl, COPOLMS, MULLEBble BOAOKHA, COPOLMOHHA €MKOCTb,
KOHCTaHTa paBHOBeCHS.

A.N. Aralbayev

Almaty Technological University, Kazakhstan, Almaty
e-mail: altayaralbayev@gmail.com

Evaluation of the sorption properties in crambe Kochiana
and bunia orientalis (Brassicaceae B. family) roots’ meals

The problem of environmental pollution is global and has multilateral consequences. One of them
is the ingestion of toxicants into the human body with drinking water and food. Chronic intoxication
with heavy metals poses an extreme danger to human health. In this regard, the development and
search for ways to remove toxicants from the body and neutralize their adverse effects on the body
does not lose relevance. Currently, based on numerous studies and practice, it can be argued that most
of the plant raw materials and their waste is a source for obtaining various products, for example, di-
etary fibers, which are used as sorbents. Our study was aimed to evaluation of the sorption properties
in katran Kochiana and bunia orientalis roots’ meals on lead and cadmium salts. Studies have shown
that the dietary fibers from the roots of these plants have sorption activity in relation to lead and cad-
mium ions. The roots of both plants had a greater affinity for cadmium ions, and it was also revealed
that the sorption potential of the bunias roots’ meals was slightly higher than that of katran Kochiana,
although when examining samples for the presence of dietary fibers in the roots of bunia orientalis,
their lower content was found.

Key words: sorption, heavy metals, dietary fibers, sorption capacity, equilibrium constant.
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KblipbikkabatTap (Brassicaceae B.) TyKbIMAACbIHA XaTaTbiH Kouu KaTbipaHbl
(Crambe Cochiana) meH wbiFbic Maipakeodici (Bunias orientalis L.) TambipAapblHaH KaAFaH
LUPOTTbIH, COPOLMSIAQYLLIbI KACMeTTepiH Gararay

KopuwaraH opTaHbiH AacTaHybl >kahaHAbIK AEHremAeri KerkakTbl caapapbl 6ap npobaema. OA
CarAApAapAbIH Gipi aaaM aF3acbiHa TOKCMKAHTTApAbIH, aybi3 Cy >KOHE Tamarbl apKblAbl TyCyi. Aybip
METAAAAAPMEH Y3aK, yakbIT 60Mbl YAAHY aaaM A€HCAYAblFbiHa opacaH 30p Kayin TeHaipeai. Coa cebenTi
aF3aAaH YbITTbl 3aTTAPAbI LLbIFAPY KOHE OAAPAbIH KEAEHCI3 8CepiH TOMEHAETY KOAAAPbI MEH BAICTEPIH
i3AECTIpin 3epTTey MBCEAECI ©3EKTIAITIH XXOFaATNan OTbIp.

byriHri TaHaa KenTereH 3epTTeyAep MeH Toxipubere cyreHe OTbIpbIn, ©CIMAIK LWMKi3aTbIHbIH
Ke6iCi >KoHe 0AAPAbIH KAAABIKTapbl 9PTYPAI OHIMAEPAI, MblCaAbl, COPOEHTTEP PETIHAE KOAAAHbIAATBIH
AMETAAbIK, TAALLBIKTAPAbI aAy ke3i GOAbIN TabblAaaabl Aen aTyra Heri3 6ap. bisai 3epTreyaepimis
KOPFacblH MEH KaAMMIA Ty3AapbiHa KaTblCcTbl Koun katbipabl (Crambe Cochiana) MeH wibiFbic Marpake6ici
(Bunias orientalis L.) cuKTbl ASCTYPAI 6OAbIN TabbIAMAMTbIH TaFamAbIK, 6CIMAIKTEP TamblpAapbiHaH
KaAFaH WPOTTbIH COPOGEHTTIK KacueTTepiH OararayFa OarblTTaAAbl. 3epTTeyAep KOPCETKEHAEN,
OYA OCIMAIK TambIpAApPbIHbIH AMETAAbIK, TAALLIbIKTApbl KOPFACblH MEH KaAMMIA MOHAAPbIHA KaTbICTbI
copbumsAbIK, GeAceHAiAikke re. Eki eciMAiK TypAepiHiH A€ TambIpAapbiHbIH KaAMMIA MOHAAPbIHA
AereH appuHAiri >korapbl 60AAbl. COHbIMEH KaTap MaipakebiC TaMblpbIHbIH, KYPaMbIHAAFbl AUETAAbIK,
TAAWbIKTapAbIH MOALIEpi KaTblpaHMeH CaAbICTbIpFaHAQ a3 6oACa Aa, COPOUMSABIK MOTEHLIMAADI

GipLIamMa >KorFapbl EKEHAITT aHbIKTaAAbI

Tyiin ce3aep: copbums, ayblp METAAAAAP, TaFaMAbIK TaALIbIKTAP, COPOLMSIAbIK, CbIMbIMABIABIK,

Teﬂe—TeHAi K KOHCTAHTaChbI.

CoxpameHusi ¥ 0003HAYEHUS

TM — Tspxensle MeTamibsl, I1B — nuineBsie BO-
1okHa, Pb ?* -uonsl ceunna, Cd ?" -HOHBI KaaMus

BBenenune

IToBcemecTHOE yXyaIIEHHE IKOJIOTHIECKOM 00-
CTaHOBKH HAOJIIOJIaeTCs TOJ OT Troja. Pa3suTue ar-
POIIPOMBIIIIICHHOTO CEKTOPA, BEICOKUE TEMITHI ypOa-
HU3AIWHN 1 WHIYCTPHUATU3AINN OOIECTBA TPUBEITH
K MTOBBIIICHUIO TOTPEOICHIS SHEPTUH U PECYPCOB U
KaK CJIEJICTBHE YBEIUYEHHUIO cOpoca oTxoJoB. [1].
M3BecTHO MHOXKECTBO BEIIECTB PA3IMUHON MIPUPO-
JIbI TIPEJICTABIISIONINX MTOTCHIIMATBHYIO OMTACHOCTh B
TUTaHE 3arpsi3HEHHUST 00BEKTOB OKPYIKAFOIIEH Cpe/Ibl
1 UMEIOINX CEPhE3HBIC TOCIEACTBUS, KaK IS Cy-
[IECTBOBAHUS YKOCUCTEM, TaK U HAMIPSIMYIO I Ue-
noBeka. [loaTomy npoOremMa HEraTUBHOTO BIUSTHHS
XUMUYECKAX COCITUHEHUN MCKYCCTBEHHOTO ITPOWC-
XOKJICHUS HA 3JJOPOBBE JIIOACH U KUBOTHBIX AKTY-
anbHa 1o ceil aeHs [2]. Cpeau pa3nUyuHbIX MOJUITIO-
TaQHTOB B OTJCIHHYIO TPYIIITY BBIJCIISIOTCS TSHKETBIC
METaJUIbl U UX COCTUHEHUS, KaK OPTaHUYECKOH, TaK
Y HEOpPTraHWYEeCKOU MpHUpobl. [t HUX XapakTepHa
OompImast pacrpoCTPaHEHHOCTh, TOKCUYHOCTD, IS
OOJIBIIMHCTBA U3 HUX —CIHOCOOHOCTD K KyMYJISILIUA
B OpraHm3Max 3arps3HeHHe OKpYKalomled Cpessl
TsoxensiMu Metaiiamu (TM) mpoucxoauT Bo BceM

MHpE, 3TO CBSI3aHO C UX ITUPOKUM HCIIOTH30BAHUEM
B MPOMBILIUICHHOM MPOU3BOJACTBE HAPSIy CO Clia-
OBIMHU CHUCTeMaMHt OYHCTKU. TM momnamarmT B OKpy-
JKAIOIIYIO CPENly ¢ OBITOBBIMU CTOYHBIMH BOJIAMU, B
pe3yabTaTe BBHIIAACHUS adPO30JIbHBIX OTXO0I0B MPO-
MBIIIJICHHBIX U TOPHOJOOBIBAIOIINX TIPEIIPUATHH.
TM moryT 00pa3oBbIBaTh CTaOMJIbHBIE OpraHHYe-
CKHE COCIUHEHUS, C BBICOKOH PACTBOPUMOCTBIO ,
YTO CITIOCOOCTBYET MX MHUTpaluu B Boje [5-8]. Pac-
TEHUS HAKAIUTUBAIOT TSDKEIbIE METAJUIBI U3 Pa3HBIX
HCTOYHUKOB — BCIICACTBHE 00PaOOTKY MECTHUIIH/IOB,
W3 pacTBOPUMBIX OTXOJIOB, OPOILIEHUEM CTOYHBIMU
BOJIaMU U T.J1. B KOHEUHOM pe3ysbTaTe TAKEIbIE
METaJUIbl OMAAal0T MPOAYKTHI MUTAHUS, 3arPs3HSs
n otpaBisig uX. C pacTUTENFHBIM CBIPHEM OHH I10-
MajaloT B OPraHU3M CEIhCKOXO3SICTBEHHBIX JKU-
BOTHBIX U yenoBeka. [9-10] .

Tsokenble MeTauibl — TpyINa IIAPOKO pac-
MPOCTPAHEHHBIX SKOTOKCHKAHTOB, OKAa3bIBAIOIIMX
HeOIaronpusaTHOE AeWcTBUE Ha opraHu3M. Ha ce-
TOJHAIIHUN JI€Hb TSKENBIE METAIIBI OTHOCATCS K
MIPUOPUTETHBIM 3arPSI3HAIONIMM BeUIECTBaM. s-
KENble METAJJIbl YK€ ceilluac 3aHMMarT BTOPOE
MECTO I10 CTCTICHH OMACHOCTH, B TIPOTHO3E KE OHU
JIOJDKHBI CTaTh caMbiMu onacHbIMU [11]. Beicokum
MTOTEHIIMAIIOM PHUCKA IS 3/I0pPOBBSI O0JIAJIAI0OT CO-
eIMHEHUsT XpoMma , KobOaimpTa, MaprHama, HUKEIs,
LIMHKA, KaMUs, MEIU, CBUHIIA U MBIIIbsIKa. Takue
MEeTaJIbl KaK MapraHell, IIMHK, MeIb W K0OaJabT
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SIBIISTIOTCSL 9CCEHIHMAJIbHBIMH U HYKHBl OpraHH3-
My B MaJIbIX KOJIMYECTBaxX AJIS MOANEPIKAaHUS €ro
(GyHKIME B HOpME, TOTJa KaK COeIMHECHUS KaJMus,
CBHUHILIA, MBIIIbSIKA, XpOMa M HHUKENS TOKCHYHBI U
SBIISIFOTCS NPUUYUHON PA3IUYHBIX MATOJIOTHYECKUX
coctosiauii [12].

JlocTaToyHO MHOTO MCCIIECAOBAHUN MOCBAIICHO
TOKCHUYHOCTH TSDKEJIBIX METAJJIOB. TSDKENble MeTa-
bl MHIYUUPYIOT pa3ludHble MOpQosoruueckue,
¢uznonornyeckue U OMOXUMHUYECKHE OTKIOHECHUS
HanpsMyl Ju0O0 OIOCPEOBAHHO M B KOHEYHOM
cyeTe NPUBOAAT K NOBpexaAcHUsAM. TM BIHSIOT
MIPAKTUYECKN Ha BCE CHCTEMBI OPraHU3Ma, OKa3bl-
Basg TOKCHYECKOE, aJuIepTuIecKoe, KaHIIEPOTeHHOE,
roHaoTponHoe aelcTBue. JlokazaHo SMOPHOTOK-
cudeckoe aeiicreue TM depes (eroraneHTapHyto
CHUCTEMY, a TaKK€ WX MYTareHHOE BO3JIEHCTBHE.
MHorue TsKenble MeTallTbl 00J1aJal0T TPOITHOCTHIO
— n30upaTeNbHO HAKAIUIMBAIOTCS B ONpPEIeJICHHbBIX
OpraHax W TKaHsX, CTPYKTYpHO U (DYHKIIMOHAIHHO
Hapymas ux [13-14] . TloaTomy Bompoc AeTOKCH-
KallUM OpraHu3Ma Ipu nocTyrieHun TM He Tepsier
CBOEH aKTyaJIbHOCTH.

TpaauuuOHHBIM €cIIOCOOOM BBIBEICHUSI COCIHU-
HEHMH TSDKEJIBIX METAJIJIOB U3 OpraHu3Ma sBISETCS
HCTIOJIb30BaHHUE XeNAaTHUPYIOIIUX areHTOB, KOTOphIE
00pa3yrloT MeHee TOKCHYHBIC KOMIUIEKCHI C HOHa-
MU TSDKEJIBIX METAJIJIOB U BBIBOJSTCS U3 OpraHn3Ma
[15].

OnHuM U3 CIOcOO0B AETOKCHKALIMK OpraHu3Ma
SBJISIETCS] IPUMEHEHHUE Pa3IMYHbIX BEIIECTB UMEIO-
mmx copoupyromuit 3¢pdext. MoHsl MeTamioB Mo-
I'YT CBA3BIBaTb TaKHe HNPUPOIHBIC COCIUHECHUS KaK
L€OJIUThl, KapparvuHaHbl, ajlblMHATBl U HUX MOIM-
($unMpoBaHHBIE Mpenaparhl. JKCIEPUMEHTAIBLHBIE
JJaHHBIC TIOKA3bIBAIOT, YTO HA3BaHHBIC COCAMHEHHUS
MOTYT OBITh 2((EKTHBHBIM CPEICTBOM BBIBEICHUS
TOKCHUHOB U3 opranusma [16 -19].

OnHUM U3 BUAOB HATYPaJIbHBIX COPOECHTOB MO-
I'YT BBICTYIIATh MMHUIIECBbIC BOJIOKHA, KaK HEPACTBO-
pumble (LIEJUTI0NI03a, XUTHH), TaK U PacTBOPUMEBIE
(MeKTUHBI, UHYJIMH), COAEPIKAILIMECs B MPOAYKTAX
PACTHTEIBHOTO MPOUCXOXKJICHHS (3/1aKax, OBOIIAX,
¢dpykTax, sronax, BOAOPOCIIX, MXax, rpubax, ape-
BECHBIX OINMJIKAX, KOPE JI€PEBbEB, MIICHUYHBIX OT-
pyOsiX, THbHSHOM BOJIOKHE U JIp.). BONbIIMHCTBO U3
HUX cIIOCOOHBI (P PEKTHBHO CBSI3bIBATH MOHBI TSKE-
JbIx Mmetamion [20-21].

Llenpro HaImero wmcciaenoBaHMs SBHIIACH OIECH-
Ka COpOMpYIOIINX CBOMCTB LIPOTa U3 KOpHEW He-
TPaJUIIMOHHBIX THUILIEBBIX PACTEHUN W3 ceMercTBa
Kanyctuble (Brassicaceae B.) — xarpana Koun
(Crambe Cochiana) u cBepOuru BoctrouHol (Bunias
orientalis L.)
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MaTepl/laJ'll)I U METOJAbI HCCJICAOBAHUSA

B ¢Bs131 ¢ TOCTaBIIEHHOI IIETBIO OBIIO TIPOBEIE-
HO HCCIIeJIOBaHNE 0Opa3IOB HAa HATMYNE MUIICBBIX
BOJIOKOH M CIIOCOOHOCTH TOTJIONATh HOHBI TSXKE-
JIBIX METAJJIOB U3 PACTBOPOB.

s mccnenoBaHus MPUMEHSIUTA IIPOT U3 KOP-
HEWl pacCTeHMH MONMYYEHHBIA IOCJIC BBIMBIBAHUS
Kpaxmana. {7 u3BIeueHus Kpaxmajaa U OoJbIiei
YaCTH PACTBOPUMBIX BEUIECCTB KOPHU PACTCHUU U3-
MeNbUaId U CMEIIMBAIIN C BOJON B COOTHOIICHHH
5:1, MOy9EeHHYIO CYCIIEH3HWIO CO B3BECHIO MEJIKO-
JIUCTICPCHBIX YACTHI] OTACISUIA OT MIPOTa PHIILTPO-
BaHUEM uepe3 cuTo. LLpoT msITukpaTHO MIPOMBIBAIH
BOJIOM W TOJICYIIMBAINA Ha TOBEPXHOCTH olecte-
YUBArOIIe CBOOOHYIO IUPKYJISAIUIO BO3AyXa MPH
temneparype 40 °C B cylmiabHOM mKady.

HccnenoBanne B cofep aHUs KOPHAX TEKTH-
Ha MPOBOJAWIM 1O MeToay yTBepxkaeHHoMmy ['OCT
29059-91 u xneruatku o 'OCT 31675-2012 [22-
23].

OreHKa COpOUPYIONIUX CBONCTB THIIEBBIX BO-
JIOKOH M3 KOpPHEW pacTeHHU MPOBOJIMIIACH HOHOME-
TPUIECKUM METOIOM JI0 ¥ TIOCTIE KOHTAKTa PacTBOpa
C MUIIeBbIMU BOJIOKHAMU. CKOPOCTH COpPOLIMU O11e-
HUBAJIM TIOCPEJIICTBOM H3MEPEHHS KOHIICHTPAIHH
CoJICH KaJMusl ¥ CBHHIIA B JIECATUMHUHYTHBIX IPO-
MeXyTKax BpeMmeHU. COpOIMOHHYH CHOCOOHOCTH
HCCIIeyeMbIX 00pa3IoB OLEHUBAINA [0 W TIOCIE
B3aUMOJICUCTBHSI TTUIICBBIX BOJOKOH C PACTBOpPaMHU
COJICH METaJIOB C BO3pacTarolleil KOHIICHTpaluen
Ha ripoTsbkernd 100 munyT [24] . B skcriepuMenTax
WCIIOJIB30BAJIM BOJHBIC PACTBOPHI HUTpAaTa CBUHIIA
(Pb ?* ) u cynedara kaamus (Cd*"), mokazatens pH
pacTBOPOB HEUTpaIbHBIA. {11 OIEHKH COpPOITMOH-
HO CITOCOOHOCTH PACTUTEIBHOTO CHIPhS UCTIOIB30-
BaJI PACTBOPBI TSHKEIBIX METAJUIOB B CJICIYIOIIUX
koHneHnTparusax: 0,05 mmons/n, 0,1 Mmmomns/n, 0,25
MMOJIE/11, 0,5 MMOae/1, 1 MMOIE/I, 2,5 MMOJL/T,
5 mmonb/n, 10 mmonw/n. Bpems skcriosunu — 24
gaca, MpoOBl MEPHOANYECKH BCTPSIXUBAIHA W TIepe-
MemuBanu. [lpu mocTmwXeHUn COPOIIMOHHOTO PaB-
HOBECHs 4Yepe3 CYTKHM PacTBOP OTAEISUIA OT COp-
ocnra nentpudyrupoarrem mpu 10000 06./MuH. 1
OTIpEICIISUIH PABHOBECHBIC KOHIICHTPAIIMH aJicopOa-
TOB. [0 OKOHYaHWH TIPOBOIMIIM MOHOMETPHUECKOE
M3MEpPEHNE KOHIICHTPAITUH PacTBOPOB.

CopOIMOHHY0 CIIOCOOHOCTD PACCUNTHIBAIH 110

¢dopmye:

{:(CG—C]XV
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rae C— UCXo/iHast KOHIEHTPAIUs MFOHOB (MMOJIB/JT);
C — KOHIICHTpAaIXs HOHOB ITOCJIe cOpOIny (paBHO-
BecHasi KOHIeHTpalus) (MMOJIb/1); V — 00beM pac-
TBOpa (J1); m — Macca copOenTa (T).

B 00paboTke maHHBIX TMPUMEHSIIN ypaBHEHHS
JIBHrMmiopa.

YpaBuenue JIsurmiopa B 0011eM BUAE :

(=4 be
.’_J_:Q'b-l_c

rae, A, — npenenpHas(O0eckoHeuHass) aacopOuus
WM TIpeIeTIbHas EMKOCTD aJIcOpOeHTa, b — KOHCTaH-
Ta paBHOBecHs, C- paBHOBECHAs! KOHIICHTPAILIHSL.

st onpeneneHus YMCIOBBIX 3HAYCHHUH Hapa-
METpOB b M A WCIONb30BANIN JIMHEHHYIO (HopMy
ypaBHeHus JIeHrMIopa 1 CTpOoIu rpaduecKyro 3a-
BrcHMOCTh 1/a =f(1/c)

VYpasuenue JIsurMropa B TMHEIHOHN Gopme:

1 1 1 1
® —

_l_
."i J‘.i = _"i ] IIJ c

BenuunHy nipeiesibHOM aicOpOIMK BRIYUCIISITH
U3 OTpe3Ka, OTCEKAEMOro Ha OCH OPJMHAT, U Jajiee
BEJIMYMHY KOHCTaHTHI PAaBHOBECHS TyTeM Tpeolpa-
30BaHusl Gopmyisl [25].

s ompeneneHusl CKOPOCTH COpPOLMU TpUMe-
HSJTH PacTBOPHI ¢ KoHIleHTparueid 10 MmMons/im. B

konOy emkocthio 200 mu momemtamu 100 mut pac-
TBOpa coJied Tsokenbix MeTauioB U 500 mr mpora
KOpHEH pacTeHHii, KoJIOy ¢ COAePKUMBIM IePHUOIH-
YECKHU BCTPSAXMBAIU U nepemerinBaiy. Konnenrpa-
LIMIO MOHOB U3MEpsUIH KaxkJible 10 MUHYT B TeUeHUE
100 munHyT.

Pe3yabTarhl HCC/1€I0BAHMS H UX 00CYKAeHHE

B cooTBeTcTBHE € MOCTABICHHOM 1IETBIO B MEP-
BYIO Ouepellb HaMH OBLIO TPOBEIEHO HCCIeI0Ba-
HUE COJEpP’KaHUs MUIIECBBIX BOJOKOH M NMEKTHHA B
IpOTe KOpHEH KaTpaHa u cBepOuru. Kak mokazanu
pe3ysbTaThl AKCHEPUMEHTAIBHBIX HCCIIEOBAHUH,
B KopHiX kaTpaHa Koum ynenpHOe copepikaHue
MMUIIEBBIX BOJIOKOH cocTaBuio 12,24% wu nexTtuHa
2,28% ot olwell mMaccsl cyxoro Bemectsa . Jlis
KOpHEW CBepOMIM BOCTOYHOW NTaHHBIM MTOKA3aTelb
cocraBun 9,28% u 1,27%. Takum oOpa3oM, B KOp-
HSX KaTpaHa KOYM COJIepyKaHHe MUIEBBIX BOJIOKOH
MIPEBHIIIAET TAKOBOE B KOPHIX CBEPOUTH MIPAKTHYE-
ck# B 1,5 pa3a 1 IEKTHHA MTPAKTHICCKHU B 2 pasa.

HccnenoBanus KOJIMYECTBEHHOTO COJEpPKAHUS
MULIEBBIX BOJIOKOH HEJOCTATOUHO JJIsl OLICHKH J1aH-
HOTO PAaCTUTENFHOTO CHIPhSI B KauecTBE COpPOEHTa.
s monmyueHus: OoJiee TIOJTHON KapTUHBI ITPOBEIC-
HBI DKCTIEPUMEHTBHI JUTS OLEHKH COPOIIMOHHOM CITO-
COOHOCTH M3MEJBUYEHHOTO MIPOTa KOpHEH KaTpaHa
1 CBepOUTH 1O OTHOILICHHIO K MOHAM CBUHIIA U KaJ-
Mmus (pUcyHOK 1-2).

A, MMOJB/T
1
0.8 —l— u
O— —O
0,6 fu
? —&— RaTpaH
0.4 —8— cBepbnATA
0,2
0 T T 1
0 10 20 30 ymoaw/a

ITo ocu abcuuce: xkounentpanust Pb 2*; ancopOipontast eMKOCTb COpOEHTa, MMOJIB/T

Pucynok 1 — Ancop6uuonHast CltocoOHOCTB MIPOTa KOPHEH 110 OTHOIIEHHIO K MOHAM CBHHIIA
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B xone uccnenoBanuii BBISBICHO, YTO IPU BHE-
CEHUM IIPOTa KOpHEH pacTeHU B PacTBOPBI COJIU
CBHHIIa MaKCUMaJIbHas BEJINYHNHA COp6HI/II/I KakK ajist
IpOTa KOpPHEW KaTpaHa, TaK W JUIs CBEPOUTH CO-
craBuio 10 mmons/n. [TokazaTens aacopOIMOHHOM
eMKOCTH JiIsl KaTpaHa coctaBui 0,67 Mmouis/T. Kak

BUJHO W3 PHUCYHKa, IOKa3aTelb aJCOPOIMOHHON
€MKOCTH JJIsSI CBEpOUTH B TAHHOM TOYKE OBLT BBIIIE,
4yeM y karpaHa Ha 22 % u coctasisiia 0,82 MMOJIB/T.
B mepecuere BenmmumHa agCcOpOIMOHHOM €MKOCTH
10 IOHAM CBHHIIA JIJIS KaTpaHa COCTaBiseT 14 Mr/T,
Jutst cBepOuru 17,1 mr/r.

A, MMOJIB/T

1,2

0,8

0,6

—O— KaTpaH

—0 —— cpepoHATA

0,4

02 -

20 30 MMO.Ib/JI

ITo ocu a6ermce: koHnenTpais Cd 275 ancopOLUHOHHAasS eMKOCTh COPOSHTa, MI/T

PucyHok 2 — AnicopOirioHHast cniocoOHOCTh MIPOTa KOPHEH M0 OTHOILICHUIO K HOHAM KaJMUS

AHaJIOTUHBIE JKCIIEPUMEHTBI MPOBEIEHBI U C
pacTBOpamM# CONM KaaMHA. MakcUMyM copOIuu
JUIsL MCCTIelyeMBIX 00pas3IoB ObUI JOCTUTHYT MpU
KOHIIEHTpauu 25 MMoJb/1. Benuunna aGcopOmm-
OHHOH CIOCOOHOCTHM KOpHEW KaTpaHa COCTaBHWIIA
0,68 Mmmomw/T, B IepepacdeTe 13,7 Mr/r, Torma kKak
abcopOLMOHHAsT EMKOCTh KOpHEH CBEpOHUTH paBHsI-
nace 0,83 mmoas/r nin 16,8 Mr/r.

VYpaBHeHue JIpHrMropa SBISETCS YypaBHEHU-
€M MOHOMOJICKYJISIPHOH a/icOpOLUKN U TOIHOCTHIO
OIHCHIBACT U30TEPMY aJICOPOIMH Ha TBEPJIOM aj-
copbente. Ha ocHOBe MONy4EeHHBIX SKCHEPUMEH-
TaJIbHBIX JIAaHHBIX ObLIA TOCTpoeHa rpaduyeckas
3aBucuMOCTh 1/a =f(1/c), ¢ TOMOIIBIO KOTOPOW
orpejesieHa MaKCUMaNbHasi COPOIIMOHHAsT EMKOCTh
a/IcOpOCHTOB M MPOBEACHBI PacueThl KOHCTAHT al-
copbumu (pucyHok 3-4).

[penenbHas copOIMOHHAS EMKOCTh XapakTe-
pHU3yeT KOJMYECTBO CBS3BIBAIONIMX LEHTPOB Ha
azcopOeHTe, TorJa Kak KOHCTaHTa PABHOBECHS BbI-
CTymaeT mokasaresieM ad(GUHHOCTH ancopOeHTa U
ajcopOara [26-27].

Kak moka3zam paccueTHbIi aHaiW3, BEIHMYUHA
[pEeACIbHONM €MKOCTH IIPOTa KOpHEH KaTpaHa I10
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OTHOIICHUIO K MOHaM cBHHLA paBHa 0,4 MMOJbB/T
(8,3 mr/r), k monam kxammus 0,6 mmoubs/T (12,5
Mr/T). COOTBETCTBEHHO KOHCTAHTHI PABHOBECHS CO-
craBwin BenuuuHbl 8,17 u 13,13, Takum oOpazom,
MOJKHO 3aKJIIOUHTh, 4TO [IB KopHe# kaTpaHa Oonee
3(h(PEeKTUBHO CBSI3BIBAIOT MOHBI KaJMUSI 1T0 CpaBHE-
HUIO C MOHAMH CBHMHILIA, TaK KaK MPOSBISIOT 0OJb-
10€ CPOJICTBO.

AHAJIOTUYHBIE pacyeThl JKCIEPUMEHTAb-
HbIX U TrpadUyYeCKUX JIaHHBIX TOJYYCHHBIX B
XOJIe WICCJIEIOBaHUSI KOPHEH CBEpOWTH BBISBUIIH,
YTO TOKa3aTelb MpeNebHOH COpOIMOHHON eM-
KOCTH JaHHOTO oOpasma coctaBmwi 0,3 MMOJIB/T
(6,3 Mr/T) IO OTHOIIEHHWIO K WOHAM CBHWHIA H
0,4MMomnb/T (8,3 MI/T) IO OTHONICHHWIO K MOHAM
kaamus. KonctanTel paBHOBecust paBHBI 17,0 u
14,0 COOTBETCTBEHHO, YTO CBHUJAETEIBCTBYET O
6onpmielt apUHHOCTH MIPOTa KOPHEH cBepOUTH
K MOHAM KaJMHs.

[Ipu cpaBHEHUH MONYYEHHBIX TaHHBIX C JIUTE-
paTypHBIMH HMCTOYHWKAMH, MOXHO CKaszaTh, 4YTO
[0 BEJIMYMHE MPEACIbHON COPOIMOHHON €MKOCTH
HIPOT U3 KOPHEH HMCCIIeIOBAaHHBIX PACTEHUH HE SB-
JISIeTCSl CHIIBHBIM HATypalbHBIM aJCOPOEHTOM Kak



A.H. Apanbaes

JIPEBECHBIN YToJib, HEKOTOPHIE BUJIBI KapparnHaHOB
U WX HAaHOMOU(UIMPOBAHHBIC IPOU3BOIHBIC, TEM
HE MEHee, JaHHbIe O0pa3lbl MOXHO IPOTHBOIIO-
CTaBUTh HEKOTOPHIM MPHUPOJHBIM 00BEKTaM 00Ja-
JAOIINX COPOIMOHHOW aKTHBHOCTHIO [16, 28-29].
B nomnosnHeHue, 3KCIePUMEHTAIBHO TOKAa3aHO, YTO
COpOIMOHHAsT aKTUBHOCTh Pa3IMYHBIX COPOCHTOB
3aBHCHUT M OT TakuX (HaKTOpPOB Kak mokasarenb pH,
TEMIIEPaTyphl PAcTBOPa M BPEMEHH SKCIIO3UIUH

[30]. B Hamem uccienoBaHuu, Moka3aTeib KUCIOT-
HOCTH pacTBopa Kojebancs B mpeaenax 6.8 — 7.0 ,
[I03TOMY M3MEHEHHE COPOIMOHHONW AaKTHUBHOCTH
AHAIIM3UPYEMBIX 00pa3lloB B 3aBUCHMOCTH OT TEM-
repatypbl u mokasarenst pH TpeOyer mampHeHmmx
HU3bICKAHUH.

Pesynbrarhl viccienoBaHUS CKOPOCTU COPOITHH
HOHOB TsDKENBIX MeTautoB Ha 1B oOpasmos mpen-
CTaBJIEHBI HA PUCYHKaX 5-6.

12 /é
10
- — < cBHHE
8 PL 1
< 5 = B xammit
- ,/{
4 7 — Jluneiinag
o (cBHHEII)
2
&g ------- JInmeknasn
0 (xamMHuit)
0 0.5 1 1.5 2 2.5
1/c

Pucynok 3 — M3zorepma agcopOuny B TMHEHHBIX KOOpAWHATAX ypaBHEeHHs JIeHTMIopa
(mpot u3 KopHeil kKarpana Koum)

14
12
10 + < CBHHell
8 - -
- e KaMHH
- o
6 7
A — JluHeHHaa
4 a4 (cBHHeI)
e e e e e O Jlnneiinaa
2 ?/{ (KazMHiL)
0
0 0,5 1 L5 2 2,5
1/c

Pucynox 4 — M3otepma agcopOin B TMHEHHBIX KOOpAUHATAX ypaBHeHMs JIeHrMiopa
(IIpOT U3 KOpHEH cBepOUTru BOCTOUHOMN)
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MMO.IB/.I

6 | L4i——i —a—8—5—8—p -—O—KanaH

—&— cBepOHra
4
2
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 MHHYTH

Mo ocu abcuuce: BpeMst B3anMOJAESHCTBUS a1cOpOeHTa U ajicopbaTa, MUHYTHI;
10 OCH OpJIMHAT: KOHIIEHTpauus Pb >, MMoIb/it

Pucynox 5 — M3meHeHne KOHIEHTPAlMK HOHOB CBUHIIA B BOJIHOM PacTBOpe

W3 pucyHka 5 BUAHO, paBHOBECHAsI KOHIICH-
Tpalus MOHOB CBHMHIIA B PacTBOPE AOCTHUIajach
rmociie 30 MHHYT aOCOpPOIIMH TMHUIEBHIMH BOJIOK-
HAMU U3 LIPOTa KOPHEH UCCIIENYEMBIX PACTCHUN.

Creayer OTMETHTB, YTO Tporiecc copbiuu Pb *
MUIICBBIMA BOJIOKHAMHU IIPOTa CBEPOUTH MPOTE-
kani ¢ dextuBHee Ha 17 % 1O CpaBHEHHIO C KOP-
HSMU KaTpaHa.

MMO.IB/.I
12

10\
8

R = = = e

—&— cBepOHra
4
2
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 MHUHYTH

[To ocu abcmmcec: Bpems B3auMoneiicTBUS afcopOeHTa u agcopdara, MUHYTHI,
1o ocu opauHar: kouuentpamus Cd >, MMoIb/it
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CorylacHO KHHETHYECKOM KpHBOW MpencTaB-
JICHHOM Ha pHUCYHKEe 6, MOXHO cJieJiaTh 3aKJIto-
YeHHE, YTO BpEMSl JOCTHIKCHUS PABHOBECHS B
UCCIIEeIyEMBIX CHCTEMax afcopOar-acopOeHT co-
crapisieT 20 MUHYT. DPGPEKTUBHOCTD CBSI3BIBAHUS
MOHOB KaJMHS HIPOTOM M3 KOPHEH CBEpOUTH W
IpoTa W3 KOPHEHW KaTpaHa OKaszalach MpPaKTHYe-
CKH Ha OJJTHOM ypOBHE.

3akaoueHne

B pesynbrare mccienoBaHHsS BBISBICHO, YTO
HIPOT W3 KOPHEH CBepOMIM M KaTpaHa MpPOSBIISIOT
a/IcCOPOIIMOHHBIE CBOMCTBA 110 OTHOIICHHIO K COJISIM
TaKUX TSOKEIBIX METAIJIOB KaK CBUHEL U KaJIMHA.
IIpu cpaBreHnn 3(h(PeKTHBHOCTH COPOLIUU TAHHBIX
METaJUIOB Ha MUIIEBHIX BOJIOKHAX M3 IIPOTa KaTpa-
Ha U cBepOUTH MOKHO OTMETHUTh, YTO MOHBI KaJMUS
CBSI3BIBAIIMCH 00JI€€ MHTEHCHBHO, O Ye€M CBHJICTEIIb-
CTBYET MEHBIIEE BPEMsl, 3aTpadnBacMoe Ha JOCTHU-
JKEHWE PAaBHOBECHOW KOHIEHTPALUH M BEJIWYHUHBI
KOHCTaHT paBHOBecusi. COpOIIOHHAsT eMKOCTb ITH-
NIEBBIX BOJIOKOH M3 IIPOTa KOPHEW CBEpOMTH Ipe-
BBIIIIAJIA JJAHHBIN MTOKa3aTeIb KOpPHEH KaTpaHa, XOTs

conepxanue I1B 1 nmekTrHa B KOpHIX KaTpaHa He-
CKOJIBKO BBIIIIE, YeM B KOpPHSX cBepOWTrH. JlaHHBIN
(hakT MOXKET CBUAETENBCTBOBATh O HEOAHOPOTHON
xumuyeckoil crpykrype [1B nuccnemyemoro ceipbs.
MO’KHO TIPEATION0KHTh, YTO Ha TIUIIEBBIX BOJIOKHAX
13 IIPOTa KOpHEH CBepOUTH MPUCYTCTBYET OObLIee
KOJINYECTBO OTPHLATENBHBIX  (DYHKIMOHAIBHBIX
TPYNI CIIOCOOCTBYIOIIMX CBSI3BIBAHUIO KaTHOHOB
TSKEJNbIX METAJUIOB.

Kak mokaszamo wuccinenoBaHue, IOKa3aTelu
COpOLIMOHHON EMKOCTH ¥ KOHCTAHT PABHOBECHS JJIs
KOpHEH KaTpaHa M CBEpOMTH HE OBbLIM 3HAYUTEIb-
HBIMH 110 CPAaBHEHHUIO HEKOTOPBIX BHJI0B COPOESHTOB
MIPUBEJICHHBIX B PA3IMYHBIX HCTOYHHUKAX JIUTEPATY-
PBI, YTO TOBOPHUT 00 UX CIIA0OBBIPAKEHHOW COPO-
OUOHHON aKTHBHOCTH. MccieoBaHUsS B JaHHOU
cdepe TpeOyroT 00JIee JeTaTbLHOIO Pa3peIICHUS BO-
mpoca aist 3P GHEKTUBHOTO MPUMEHEHUS pacCcMaTpH-
BaeMOI'0 BHJA ChIpbsi. TeM He MeHee, [10JyUYeHHBIE
pe3yabTaThl MOTYT JIaTh OOOCHOBAaHHUE JUIS MTPUME-
Henus [IB w3 kopHel ucclieqoBaHHBIX pacTEHUN
IIPU KOMIUIEKCHON NETOKCHKAllUU OPraHu3Ma, Kak
JOTIOJTHSIFOIIIET0 KOMIIOHEHTa M MCTOYHHKA OHMOIIO-
T'MECKU aKTHBHBIX BELICCTB.
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BAUAHUE OAMHOYHbLIX U KOMBMUHNPOBAHHOIO
ABUOTUYECKUX CTPECCOB HA USMEHEHME BUOCHUHTE3A
OEPMEHTATMBHbBIX AHTUOKCHUAAHTOB
Y CHENOPODIUM QUINOA L.

PacTteHns, apanTMpoBaHHble K BbICOKOM MHCOASLMU U 3aCYLUAMBBIM YCAOBMSM, NMPOSBASIOT BbICO-
KYIO akTMBHOCTb hepmeHTa (SOD). AKTMBaUMS aHTUOKCUARHTHBIX (DEPMEHTOB, TakMX KaK CyrnepoKCUA-
amcmyTasza (SOD), urpaeT KAIOUYEBYIO POAb B CHMXXEHMM OKMCAMTEABHOrO CTpecca Y pacTeHWin KMHoa
. B xAoponaacrax, rae npomcxoamT OTOCUMHTES, BO3HMKAIOT akTUBHblE (DOPMbI KUCAOPOAQ. YPOBEHb
akTnBHocTK SOD noBblwaeTcs npu AeuumTe BOAbI U NMMTATEAbHbIX BELECTB, YTO YKa3blBaeT Ha ak-
TMBALMIO @aHTMOKCUAQHTHOM 3aLLMTbl XAOPOMAACTOB eLle A0 MOSIBAEHUS BUAMMbIX MPU3HAKOB (hr3no-
AOrMyeckoro crpecca. lepexoa OT HOPMAAbHOIO COCTOSIHUSL K CTPECCOBOMY, BEPOSITHO, NMPUBOAUT K
NOAABAEHUIO aHTMOKCUMAAHTHBIX MPOLLECCOB, COMPOBOXAQEMOMY YyMeHblUeHneM akTuBHocTn SOD. B
KOHEYHOM MUTOre KOTOPOro B KMHOA 06pasyeTcsl HAbop BTOPUUHBIX METAOOAMTOB, CMIOCOOHbIX CUHTE3M-
pOBaTb Pa3AMyUHbIE COEAMHEHUS C OBLLUMPHBIM CMEKTPOM BMOAOrMYECKOI aKTUBHOCTY.

B aaHHOM abCTpakTe MpeACTaBAEHbl PE3YAbTaTbl MCCAEAOBAHUIA U3MEHEHUSI aKTUBHOCTM TakKMX
(hepMeHTaTMBHbIX aHTMOKCMAQHTOB, KakK CynepokCMAAMCMYTa3a M MepoKcMaasa Y MOAOAbIX pac-
TeHnin Chenopodium quinoa L B 0TBeT Ha OCMOTMYECKMI, COAEBOM MU KOMOWMHMPOBAHHbIA CTPECChl.
[NoAyyeHHble AQHHble AEMOHCTPUPYIOT CBS3b MEXAY YPOBHEM aHTMOKCMAAHTHOM 3alMTbl B CUCTEME
Chenopodium quinoa L 1 ee cnoco6HOCTbIO CNPaBASTLCS C Pa3AMYHbIMU BMAAMM CTpecca. PesyabTartsl,
MOAYYEHHbIE NMpr KOMOMHUPoBaHHOM Bo3aencTBmM 200 MM NaCl + PEG Ha MOAOAbIE pacTeHMS KMHOAQ,
CBUAETEAbCTBYIOT O NMePeXoAe OT MOAOAbIX PACTEHUI KMHOA dycTpecca K AUCTPecCy.

KAtoueBble cAoBa: KMHOQ, (hepMeHTaTUBHblE aHTMOKCUAAHTbI, OCMOTMYECKUI CTPecC, COAEBOM
CTpecc, KOMOMHMPOBAHHbIN CTPECC, 3YCTPECC, AUCTPECC.
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Influence of single and combined abiotic stress on changes
in the biosynthesis of enzymative antioxidants in Chenopodium quinoa L.

Plants adapted to high insolation and dry conditions exhibit high enzyme activity (SOD). Activation
of antioxidant enzymes such as superoxide dismutase (SOD) plays a key role in reducing oxidative stress
in quinoa plants. In chloroplasts, where photosynthesis occurs, reactive oxygen species appear. The level
of SOD activity increases with water and nutrient deficiency, indicating activation of chloroplast anti-
oxidant defenses even before the appearance of visible signs of physiological stress. The transition from
a normal state to a stressful one probably leads to a suppression of antioxidant processes, accompanied
by a decrease in SOD activity. Ultimately, a set of secondary metabolites are formed in quinoa, capable
of synthesizing various compounds with a wide spectrum of biological activity.

This abstract presents the results of studies of changes in the activity of enzymatic antioxidants such
as superoxide dismutase and peroxidase in young Chenopodium quinoa L plants in response to osmotic,
salt and combined stress. The findings demonstrate a link between the level of antioxidant defense in
the Chenopodium quinoa L system and its ability to cope with various types of stress. Results obtained
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from the combined exposure of young quinoa plants to 200 mM NaCl + PEG indicate a transition from
eustress to distress in young quinoa plants.

Key words: quinoa, enzymatic antioxidants, osmotic stress, salt stress, combined stress, eustress,
distress.
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Chenopodium quinoa L. pepMeHTTIK aHTUOKCUAQHTTaPbIHbIH,
6MOCHHTEe3IHIH, e3repyiHe TY3AbI CTpecC
)KoHe apaAac abMOTUKAABIK, CTPECTiH, acepi

YKorapbl MHCOASILMSIFA XXOHE KypFak, >XaFAaiAapra 6erMiMAEAreH BCIMAIKTED >KOFapbl (DEPMEHTTIK
6eaceHAIAiKTI (SOD)kepceteai. CynepokecuaamncmyTasa(SOD) crsKTblaHTMOKCUMAQHTTbIK (DEPMEHTTEPAI
6eACEHAIPY KBUHOA BCIMAIKTEPIHAET I TOTbIFY CTPECCIH TOMEHAETYAE MaHbI3AbI POA aTkapaabl. DoTocut-
Te3 XKYPETIH XAOPOMNAACTTapAa PEAKTUBTI OTTeri TypAepi nanaa 6oaaabl. SOD GeACEHAIAIMHIH AeHreni
CYy MeH KOPEKTIK 3aTTapAblH >KeTicreyluiAiriveH aptaabl, 6yA (DU3MOAOTUSIAbIK, CTPECCTIH KOpiHEeTiH
GeArinepi naiaa 6oAFaHFa A€MiH XAOPOMAACTTbIH, aHTMOKCMAAHTTbIK, KOPFaHbICbIHbIH OEACEHAIPIAYiH
kepceteai. KaAbInTbl XKaFAalAaH CTPECCTIK Kynre eTy, MyMKiH, aHTMOKCUMAQHTTBIK MpoLecTepAiH 6a-
CbIAybIHA 8KkeAeAi, 6yA SOD GeAceHAIAIriHIH ToMeHaeyimeH Gipre >kypeai. Canbin KeAreHAe, KBUHO-
aAa OMOAOTUSIAbIK, BEACEHAIAIKTIH KEH CriekTpi 6ap apTYPAI KOCbIAbICTapAbl CMHTE3Aeyre KabiAeTTi
KanTarama MeTaboAMTTEp >KMbIHTbIFbI Ty3iAeai. Bya 3eptrey >kymbicTapbiHaa >kac Chenopodium
quinoa L eciMaikTepiHAEri OCMOCTbIK, TY3AbIK, >X8He apaAac CTpeccke »ayar peTiHAEe CynepoKCUA-
AVMCMyTa3a >KaHe MepoKcrAaasa CUsSKTbl (DEPMEHTTIK aHTMOKCUMAAHTTAPAbIH, GEACEHAIAIriHIH e3repyiH
3epTTey HaTMXKeAepiH ycbiHaabl. HaTxkeaep Chenopodium quinoa L >xyneciHaeri aHTMOKCUAAHTTbIK,
KOPFaHbIC AEHreni MeH OHbIH 8PTYPAI CTPecC TypAepiHe TeTen 6epy KabiAeTi apacbiHAAFbl GarMAaHbl-
CTbl kepceTteai. XKac kBuMHoa ecimaikTepiHit 200 MM NaCl + PEG 6ipikTipiAreH 3KcrnosmumsicbiHaH

AAbIHFaH HOTMXXeAep »ac KBMHOA 6CIMAIKTEPIHAE 3YCTPECCTEH KYM3eAiCKe 8TyAl KepceTeA,.
Tyiiin ce3aep: kBMHOA, (DEPMEHTTIK aHTMOKCUAAHTTAP, OCMOCTbIK, CTPECC, Ty3Abl CTPECC, apaAac

CTpecc, 3CTpecc, ANCTpecc.

BBenenue

CoBpeMeHHOE pa3BuUTHE (apMaleBTUIECKON
WHAYCTPUHU OTIpENETseTCS CTpeMIIeHHeM OO0Hapy-
JKUTh HOBBIC UCTOYHUKH JICKAPCTBEHHBIX CPEICTB,
M3BJICKAEMBIX M3 PACTUTEIFHOIO MHpa M COIep-
KaIUX Pa3HOOOpa3HbIe OMOJOTHICCKH aKTHUBHBIC
coeanHeHNs. BakKHBIM acmeKTOM TaKXkKe SBISICTCS
pa3paboTKa METOJIOB, KOTOPBIE MTO3BOJISIOT IIeJICHA-
MIPaBIEHHO CHHTE3UPOBATh IIEHHBIE OMOJOTHIECKU
AKTHUBHBIC BELIECTBA, XapaKTepHBIE I TOTO WU
WHOTO BHJIa PACTCHUN.

W3BecTHO, UTO BCE pacTeHus, Jake Te, KOTOpbIe
0OBIYHO pacCMaTPUBAIOTCS KaK «JICKAPCTBEHHBIEY, B
MIEPBYIO OYepe b TPOU3BOIAT OMOIOTUIECKH aKTHB-
HBIC COCTMHCHUS IS CBOMX COOCTBEHHBIX ITOTPEO-
Hocteir [1]. Hampumep, pacrenus Chenopodium
quinoa L (kuHOAQ)- 3TO O/IHOJIETHEE PaCTEHUE, OTHO-
csimeecst kK kiaccy C3, siBistronneecs: pakynbTaTHB-
HBIM TalopUTOM U TceBro3nakoM. [IpuHamiexur
CEeMEICTBY aMapaHTOBBIX M M3BECTHO CBOEH BBICO-
KOH a/IalTHBHOCTBIO K HEOIAroNnpHITHBIM YCIIOBH-
SIM BbIpamuBanus [2,3] U CIIOCOOHBI CO3/IaBaTh HE

MeHee 193 paznuyHbIX BUAOB BTOPUYHBIX MeTa0o-
JIUTOB, KOTOPBIC BBIIOJHSIIOT pa3Hble (DYHKUUU B
X (HU3HOJIOTUM W B3aMMOJICHCTBUH C OKpYKaro-
mei cpeaoi. DTH MEeTa0OIUThl BKIIIOYAIOT B CEOS
(eHONbHBIE KUCIIOTHI, (pIIaBOHOUABI, TEPIICHOMUBI,
CTEpPOUIBl U a3zoTconepkamue coenuHenus [1].
OOBIYHO 370POBBIM YEIOBEYECKUH OpPraHU3M pac-
IoJTaraeT CBOCH COOCTBEHHOW BHYTPCHHEH CHCTE-
MOW aHTHOKCHJAHTOB, KOTOpas MOXeET OOpOThCs
¢ M30BITKOM CBOOOAHBIX paankajioB. OIHAKO, IpU
BO3HUKHOBEHHH YpPE3MEPHOr0 0Opa3oBaHUSA CBO-
OOIHBIX PaUKAIIOB, BAKHYIO POJIb UTPAET BHEIIHSS
4acTh aHTHOKCHAAHTHOH CHUCTEMBI, TO €CThb aHTH-
OKCHJIaHTHI, TOJTy4aeMble W3 MuImu. Tak Kak pac-
TEHHS 00JIaIat0T CII0KHONW MHOTOYPOBHEBOM CHCTE-
MOW AaHTHOKCHJIAHTHOW 3alllUThl U CIIOCOOHOCTBIO
MOJIEPKUBATh ~ BHYTPUKIIETOYHBIII  TOMEOCTas,
BKJIIOYasi (pepMEHTATHBHBIE M HeQEepMEHTATHBHBIC
KOMIIOHEHTBI, Ha MPOTSDKEHUH BCEH MCTOPUH Yello-
BEYECTBO HCIOIB30BAJIO ATH aanTallid pacTeHUN
K 9KCTpPEMaJIbHBIM YCIOBUSAM Cpefbl KaK MCTOUHUK
II0JIE3HBIX OMOAKTUBHBIX COEIMHEHUI B pa3iiny-
HBIX Qopmax [4-6]. PacTuTenbHbIC aHTHOKCHIaHTHI
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CIIOCOOHBI PETYJIUPOBATh Pa3IMYHbIC (PU3UOJIOTH-
YECKHE CHCTEMBI YEJIOBEYEeCKOTO OPTaHN3Ma U CHU-
JKaTh PUCK PA3BUTHS XPOHHUECKHX 3a00JICBAHUU,
BBI3BaHHBIX CBOOOJIHOPAIUKAIBHBIM OKHCICHHEM
[7, 8].

B wuccrnenoBannu, NpoBEJEHHOM C y4YacTHEM
JOJIeH, TOTpeOISIBIINX (DYHKITMOHATBHBIN HAITUTOK
Ha OCHOBE KHHOAQ, OBLJIO BBHISBICHO 3HAUMTEIHHOE
YBEJIIMYCHUE YPOBHEH OMOXMMHYECKUX AHTHOKCH-
JTAHTOB, TAKUX KaK CYMEPOKCUIINCMYTa3a U MEePOK-
cumasa [9].

CynepokcuanucmyTaza (SOD) u mepokcunasza
(POD) cocTaBisiOT BaXKHYIO YacTh aHTHOKCHJIAHT-
HOM CHCTEMBI PAacTEHHUH, KOTOpas MNpPeroXpaHseT
KJIETKH OT OKUCJIUTEIIbHBIX TOBPEXKIeHU . D11 (hep-
MEHTBI TIOMOTAIOT PACTEHUSM IPHUCIIOCA0INBATHCS
K Pa3JIHYHBIM CTPECCOBBIM YCIIOBHUSM, TaKUM Kak
SKCTpeMajbHbIe TEMIIEPaTyphbl, UHTCHCUBHOE COJI-
HEYHOE U3JITY4YCHHE U PYTHe areHThl OKPYKaIOIIeH
Cpenbl, CIIOCOOCTBYS UX BBIKUBAHUIO U 3JI0POBOMY
pocty [10]. CynepokcuaaucMyTasa UrpaeT KpUTH-
YEeCKH BAXHYIO POJIb B PACTEHHSIX, 0OECTIeunBas uxX
BBEDKHBAHUE U CITOCOOHOCTD aJIalITUPOBATHCS K pas3-
JUYHBIM OKPYKAIOUIUM YCIOBUSIM. DTOT (PepMEHT
MTOIIEPKUBAET IIEJIOCTHOCTH KJIIETOK, MTOBBIIIAET UX
YCTOMYHBOCTB K CTPECCY M 00ecreunBaeT HOpMaib-
HOE pOCT U pa3BuTue pactenuil. [lepokcuaaza takxke
BBITIONHSIET HEMAJIOBAKHYIO (DYHKIMIO B PAacTEHU-
X, ycTpanss nepexuch Bogopona (H,0,), obpasy-
IOLIYIOCS. B MPOIIECCE PA3IMYHBIX OMOXHMHYECKUX
peaknuii B KJIeTKax. DTOT (epMEHT CHOCOOCTBYET
oIepXKaHUI0 OajaHca MeXITy OKHCIUTEISIMH |
AHTUOKCUIAHTAMH, TMPEAOTBpaIias HaKOIJICHUE
Tokcuynoro H,O,.

UccnenoBanns mOKa3bpIBalOT, YTO 1uera, 0o-
ratasi pacTUTEIHHBIMH AHTHOKCHIAHTAMHU, MOXET
CHU3UTh PHUCK Pa3BUTUS MHOXKECTBa 3a00JICBaHUIA,
BKJTIOUAsT BOCTIATUTENLHBIC, CEPJICTHO-COCYIUCTEIE,
pak, nuaber u apyrue. ITo AelaeT pacTUTEIbHbIC
AHTHOKCUJIAHTHI BaXKHBIMU IS XUMHUOTIPO(DUITAKTH-
YEeCKUX J00aBOK M aHTUCTPECCOBOM aHTHOKCHIAHT-
HOU Teparuu [6, 11].

Takum o0Opa3oM, 3HAHHE O CHCTEME aHTHOKCH-
JAHTOB B PACTUTEIHHBIX MPOAYKTaX M JIEKApCTBEH-
HBIX PACTCHHSIX CTAHOBHUTCS UYPE3BBIYANHO IICHHBIM.

B ycnoBusix HeOCTATOYHOTO YBIaKHEHUS WITH
3aCOJICHUS 3€MeThb, YXYIAIMICHHBIX H3MCHCHUEM KITH-
MaTa, pacTeHHs] aKTUBHPYIOT AHTUOKCHUIAHTHBIC
MEXaHH3MBI JIJIS 3aIIUTHI OT CTPECCA, YTO MTPUBOTUT
K METa0OJIMYECKUM W3MEHEHHSIM. DTH H3MEHEHUS
MO3BOJISIIOT PACTECHUSIM MPOU3BOAUTH BBICOKOKAUE-
CTBEHHBIE ceMeHa U OMOCUHTE3UPOBATh IICHHBIE CO-
SIMHEHMS, UMCIOIIHE 3HAYCHNE T (DapMaIieBTUKH
U MUIIEBOM npombinuieHHocTy [12, 13].
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B Hacrosimee Bpemst pa3paboTka METOJOB, Ha-
MPaBIEHHBIX Ha YIIyYIlIEHHE CHHTE3a BTOPUYHBIX
METa0O0JIMTOB MYTEM YIIPABICHUS CTPECCOBBIMU
(akTOpaMu Npu BHIPAIIUBAHUN KOMMEPUYECKH LICH-
HBIX PacTeHUH, ABISAETCS BaXXHBIM CTUMYJIOM [14,
15]. I'mobanbuble abuoTHYEecKHE (aAKTOPbI YacTo
BO3ACHCTBYIOT Ha PaCTEHUsI OJHOBPEMEHHO, BbI3bI-
Bas KOMIUIEKC CTPECCOB, BKIIIOYast HIOHHYIO TOKCHY-
HOCTb, OCMOTHYECKOE JaBJIE€HHE, OKHCIUTEIBHOE
MOBPEKACHUE U HEJIOCTATOK IIUTATEIbHbIX BELIECTB
[16]. KommiekcHoe BO3ACHCTBHE HECKOIBKHX
CTPECCOB OJTHOBPEMEHHO MOTYT CHIIbHO OCJIOXKHHTb
YKU3HEHHBIN UK pacTeHuit [17].

Peakuuu pacrenuii Ha cTpecc 3aBUCSAT OT MHO-
JKecTBa (PAaKTOPOB, BKIIIOYAs] TUII M MHTEHCHUBHOCTD
cTpeccopa, AJUTEIbHOCTD €r0 JeHCTBHS, COCTOSIHUE
pacTteHus B MOMEHT cTpecca, U 0OCOOCHHOCTH BHUjIa
[18]. Tak, mpeacTaBUTENIN CEMEHCTBA aMapaHTO-
BBIX, Takue kak Chenopodium quinoa L, mpencras-
nsiroIme co0o0ii BaXKHBIH HCTOYHHMK ICCEHIMATIBHBIX
AQHTUOKCHIAHTHBIX PACTUTEIbHBIX METa0OJIUTOB
[19, 10], oGmagaroT OYeHb XOPOIIeH CIOCOOHOCTHIO
aJanTHpPOBaTbC K Ppa3IUYHBIM  aOMOTHYECKUM
ctpeccoBbiM (pakTopam [20, 21]. Ho coBmecTHOE
JIEHCTBHE HECKOJBKUX CTPECCOBBIX (PAKTOpOB dHa-
cTo OoJiee pa3pyLIMTENBHO, YeM KaXXIblid U3 HUX B
OTAENBHOCTH [22, 16]. DTO MoKa3zaiu HaIIKW HEJAaB-
HUE UccIIeIoBaHUs MOP(OIOTHU U aHATOMHUH (HOTO-
CHHTETHYECKUX OPTaHOB MOJIOJIBIX PACTEHUM KHHOA
[23].

Hcxons W3 BhIIIECKa3aHHOTO, JlaHHAs pabora
HalleJIeHa Ha U3y4eHUe BO3JeMCTBUA OJUHOYHBIX U
KOMOWHHPOBAHHBIX CTPECCOB Ha (pepMEHTATHBHEIE
AQHTUOKCHJIAHTHBIE MEXaHHU3Mbl B (DOTOCHHTETH-
YEeCKHX OpraHax MOJOABIX pacTeHHi jedensl. Mbl
MIPEIO0JIaraeM, YTO CTPECC BhI3bIBAET KOJIMUECTBEH-
HBIC ¥ KaUeCTBEHHbIC N3MECHEHHS TakuxX epMeHTa-
TUBHBIX aHTHOKcUAAHTOB Kak SOD u POD B pac-
TEHUSX KUHOA. DTH HW3MEHEHHUS, B CBOI OUYepElb,
MOTYT OBITh CBSI3aHBI C aJanTaiuell PacTeHHH K
CTpeccy M ONTUMH3alKell CHHTEe3a LEHHBIX (QuTO-
XMMUYECKUX KOMIIOHEHTOB, UMEIOUINX (apMales-
TUYECKYIO WM NUILEBYIO IIEHHOCTh. MccaenoBanus
B 3TO# 00JIaCTH MOTYT CIIOCOOCTBOBATH OoJiee TITy-
OOKOMYy IIOHMMAaHMIO TOTO, KaK PAacTeHHs pearu-
PYIOT Ha CTpecc, U KakuM 00pa3oM OHHM MOTYT HC-
M0JI30BATh CTPECCOBBIE (PAKTOPBI IS YIyqIICHUs
CHHTE3a IIEHHBIX OMOAKTUBHBIX COETUHEHHH.

MarepuaJjbl 1 METOABI HCCJITOBAHUS
Pacmumenvhulit mamepuain.

B n1aHHOM WCCIETOBAHUKM HCTIONB30BAIN COPT
kuHOoa (Chenopodium quinoa L.) TamKukcko# ce-
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nekimu «Baxmat»y. CeMeHa KMHOA /ISl UCCIIE0BA-
HUSI ObIIH MTpeoCcTaBlieHbI [[eHTPOM reHeTHUECKIX
pecypcoB Ta’KUKCKOW akaJeMUH CEJIbCKOXO3s5i-
ctBenHbix Hayk (L[I'P TAAC). Jns npoBeneHus
SKCIIEPUMEHTOB HUCHOJb30BaNM 40-IHEBHBIE MO-
JIOJIbIC PACTEHUsI, KOTOPbIE ObLIH Oe3 cemsiioyied U
HUMEITH YeThIpe Psijia Pa3BePHYTHIX U (DYHKIMOHH-
pyrommx JMcTheB. sl WccnenoBaHus OTOMpan
JIBa BEPXHHUX Pa3BEPHYTHIX JIUCTA M YaCTh CTEOJIS
MEXTY HUMHU.

Ycnosus pocma.

PacTenus ObUIM BBIpAIEHBI B KOHTPOJIUPYEMBIX
YCIOBUSIX B KIMMaTH4ecKoil kamepe. OcBeleHue
OCYIIECTBIISUIOCH C HCIIOJIb30BAHUEM JIIOMHUHEC-
LEHTHBIX JIAMII C MHTEHCUBHOCTBIO CBETOBOI'O IOTO-
ka 200 mukpomons/m? B cekynay (PAP) mpu ¢oro-
nepuose 16 yacos u Temneparype 25°C. CaxeHIbl
TAKXX€ BBIPAIIMBAINCH TIOA LHUPKaIHBIM OCBEIICHH-

€M, HCITONIB3Ysl KOMMEpPYECKHEe JTaMITbl Oeoro CBe-
ta, ipu hotomepuomae 10/14 yacoB, HHTEHCUBHOCTH
cBeToBoro noroka 200 MHKpOMOIB/M? B CEKYHAY
(®AP), uzmepeHHoi ¢ moMoIIbl0 Jitokemerpa LI-
205 (Li-Cor, CILIA), n ipu Temmeparype 25 + 5°C.

[Ipotiecc BeIpanuBanus HAUUHAJICS C POPALTHU-
BaHUs CeMsH B yamkax [leTpu, HanmoJTHeHHBIX TUC-
TWUTMPOBAHHOW BOJOW, B TEUEHUE 5 mHEU. 3aTeM
CaKCHIIbI IEPECAKUBAIIUCH B TUIACTUKOBBIE TOPILKHU
pasmepoM 24 cm B aiuHy, 20 cM B mupuHy u 10
CM B TIIyOuHY, 10 20 Ca)KEHIIEB B KaXKJIOM TOPIIIKE.
KaxxnpIil maacTUKOBBIM TOPIIOK MOMEIAJICS Ha OT-
JIeIIbHBIN IIJIACTUKOBBIN ITOTHOC.

CaxeHIIbI BBIPAIIMBAIKNCH B TeUeHUE 26 IHEH
¢ nob6asnenuem 50% muTarenbHOro pactBopa Xo-
rJaHga B KaKIbIM IIJJACTHKOBBIM JIOTOK. 3aTeM, B
TEUCHHUE CIeAYomux 14 nuei, mpoBOAMINCEH UCTIBI-
TaHUs ¢ 100aBJICHUEM CTPECCOBBIX areHTOB B COOT-
BeTcTBUH ¢ Tabnumei 1 (Tabmuma 1).

Ta6auna 1 — DxciepuMeHTanbHbIe yenoBus BeipamuBanus Chenopodium quinoa L.

Bapuant onbita Ha3zpanue Ha pucyHkax VYenoBus
1 KOHTPOJIb 14 nueit Ha 50% p-pa Xormanga
5 PEG 10 nueit Ha 50% p-pa Xormanga
+ 4 nust Ha 12,5% (Bec/o6bem) PEG-6000
100 Na 14 mueii Ha 50% p-pa Xornanaa + 100 mM NaCl
4 200 Na 14 nueit na 50% p-pa Xormanga + 200 mM NaCl
300 Na 14 nueit Ha 50% p-pa Xormanga + 300 mM NaCl
6 100 NaP 10 nneit Ha 50% p-pa Xornanna + 100 mM NaCl
+4 s Ha 12,5% (Bec/o6vem) PEG-6000
= o/
7 200 NaP 10 nueit Ha 50% p-pa Xormarga + 200 mM NaCl
+ 4 nust Ha 12,5% (Bec/o6bem) PEG-6000
10 nneii Ha 50% p-pa Xormanaa + 300 mM NaCl
8 300 NaP + 4 s wa 12,5% (Bec/o6bem) PEG-6000

Jns aHanM3a aKTUBHOCTH aHTHOKCHIAHTHBIX
(hepMEHTOB OBLTH TPEATTPUHSITHI CIICTYIOITIE MIATH:

1. Coop ¥ mOAroTOBKa OOpPAa3IOB: 3aMOpO-
JKEHHBIE TI00ern pacteHuit Maccoir 0,3 T ObUIH
romorennsupoBansl B 0,1 M tpuc-HCI (pH 7,4),
cogepkamieM 1| MM gutnorpeutona (JATT) u 0,5
MM dernnmeruncyabpormndropuga (PMCD) B
JAMCO. I'omoreHm3aIus MpoBOIMIACH C UCITOJIB30-
BaHUEM MPEABAPUTEIBHO OXJIAKIACHHOM CTYNKH U
nectuka. [lomydeHHble roMOreHaTsl ObIIM LEHTPU-
¢yruposans! ipu 4°C u 10000 g B Teuenue 15 mu-
HyT. CynepHaTaHT (BEpXHUH CIIOH) HCTIOIB30BAJICS
IUIs TpoBeieHus! GepMEeHTHBIX aHaau30B. Coxepxka-
Hue Oelka B cylepHaTaHTe OINPeesyIoch [0 METO-
ny bpandopaa, ucnonssyst ObIYMI CHIBOPOTOUHBIN

anpOymuH («Sigma-Aldrichy, CIIIA) B kxauectBe
crangapra [17].

2. Omnpenenenue aKTUBHOCTH CYNEPOKCHIANC-
myTasbl (SOD): AxtuBHOcTe SOD ompenensiacsk
C HCIIONIb30BAHUEM PEAaKIIMOHHOW CMECH, BKJIIOYAs
0,1 M tpuc-HCI (pH 7,8), aurpocunero terpaso-
must (NBT, xoneunas xonmentparust 50 MmxM), 10
MM L-metnonuna, 0,025% Tpuron X-100, 3 MmxM
pubodnasura n 100 MK hepMEHTHOTO SKCTpaKTa
cormacHo MeTtony bomamma m @pupoBmua [24].
AxtuBHocts CO/] Bripakanacek B equnauiax (U) Ha
MuuMrpamm Oenka (Mr-1 Oenka).

3. AxtmBHOCTH mnepokcuaazsl (POD; EC
1.11.1.7) usmepsnu, HaOmonas yBeTUYEHHE IO-
rnouieHus npu 470 HM BO BpeMsi OKUCJICHUSI IBasi-
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koza [18]. Peaknuonnsiii pactsop coaepxan 0,1 M
Tpuc-HCI (pH 7,4), 7 MM rBaskona, 4 MM H202
u 20—40 MK epMEHTHOTO 3KCTPaKTa. AKTUBHOCTb
BBIPYKAJIM B MKMOJTb TBasiKOJIa(MUH MT OeIlKa).

PeByJ’[BTaTbI u oﬁcymelme

PesynbTaTthl  MCClEOBaHUS TIOKa3ajH, YTO
CTPECCOBBIE YCJIOBHUSI OKa3bIBAIOT Pa3HOOOpazHOe
BO3JICHCTBHE HAa AaKTUBHOCTh aHTHOKCHJIAHTHBIX
(hepMeHTOB B pacTeHUsX kuHoa (PunyHOK1).

W3 naHHBIX, MpenCTaBICHHBIX Ha pUCYHKE |
CJIEyeT, YTO OCMOTHUYECKUH CTpecC HE OKa3all BH-

60

) w I o
S =} S =}

AxTHBHOCTE SOD, U/mg protein

[y
o

100Na

OUMOro BiausHUS Ha akTUBHOCTEL SOD u POD mo
OTHOIIEHHUIO K KOHTPOITIO.

Brersisneno, uto aktuBHOCTH SOD ocTaBanach
Ha YpPOBHE KOHTPOJBHBIX 3HAYCHUW NP KOMOUHHU-
poarnHOM ctpecce 100 MM NaCl + PEG. I1uk mak-
cumaiibHOM aktuBHOCTH SOD 1 POD 0bL1a 00HApY-
skeHa pu KoHuenTpauuu 200 MM NaCl B ycnoBusix
COJIEBOTO ¥ KOMOMHHPOBAHHOTO CTPECCOB, HO TPH
KOMOMHHPOBaHHOM CTpecce aKTUBHOCTH 3THX (hep-
MEHTOB ObIJla 3aMETHO BbIIe. Bo BceX ocTanbHBIX
BapHaHTaX OMBITA OTMEUYCHO CTATHCTUUCCKH 3HAUN-
MO€ CHW)XEHHE (PepMEHTATHBHON aKTUBHOCTU KaK
s SOD, Tak n st POD.

—N] 4

—N] 4 P

200Na 300Na

BapHaHTsI CIIBITa

[35]
wn

AxTHBHOCTE POD, mMol/mg protein

n

100Na

200Na 300Na

BapHaHTsI OIIBITa

6

Pucynox 1 — V3MeHeHHe aKTUBHOCTH aHTHOKCHIAHTHBIX ()EPMEHTOB OT CTPECCOBBIX YCIIOBHIA:
a. cynepokcuamucmyTasa (SOD); 6. mepokcuaaza (POD)
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Hwuskass akTHBHOCTH ()epMEHTOB NPH HEBBICO-
KOM YPOBHE CTPECCOBOT'0 BO3ICHCTBHUS MOXKET OBITH
CBSI3aHO KaK C HAJIWYHEM HEOOJBIIOr0 KOHCTHUTY-
TUBHOTO MyJa epMeHTa, TaKk U ¢ TeM, YTO IPH OT-
HOCHUTEIFHO HU3KOM YPOBHE cTpecca 3TH (hepMeH-
ThI HE UTPAIOT CYIIECTBEHHON POJIM B Pa3IOKECHUH
nepekucH B nmoderax. 7ax, aHATOTHYHOE CHUKEHUE
aKTUBHOCTH aHTHOKCHUIAHTHBIX ()EPMEHTOB IIPH 3a-
COJICHUH TOKa3aHO JJISi HEKOTOPBIX COPTOB KHWHOA
[25, 20].

Kax mpaBwuiio, BeICOKass akTUBHOCTH 3THX (ep-
MEHTOB SIBJISCTCSl aJalTHBHBIM MEXaHHU3MOM U
yKasbIBaeT Ha Oosiee d((EKTUBHYIO 3alUTy KIle-
TOK OT TIOBPEIKJICHUH, BBI3BAHHBIX CBOOOHBIMH
paauKagaMu U OKUCIIUTENBHBIM cTpeccoM [26, 27].
YBenuueHne akTUBHOCTH TPU KOMOWHHUPOBAHHOM
ctpecce 200 MM NaCl + PEG, BeposiTHO, obecrie-
YMBAaeT CHUHTE3 HOBBIX MOJEKYJ] (pepMEeHTOB WM
M30(EpPMEHTOB. DTOT CHHTE3 MOT OBITh HHUITUHPO-
BaH CaMUM O0pa3yroIMMCs MEPOKCHIOM B CBSI3H
C M3BECTHOM CHTHAJBHOM POJIBIO ATOTO BELIECTBA.
OTMmedeHHBI THK (EepMEHTaTHBHOW aKTHBHOCTH
MO3BOJISICT TIPETOIOKHTE, YTO 3Ta HHTEHCHUBHOCTh
cTpecca MOKET OBITh MOTEHIMAIBHO KPUTHYHON
JUISL MOJIOZIBIX PACTEHHUM KUHOA, U AalIbHEHIIEE yBe-
JMYCHHUE CTPECCOBOM HATPY3KH MOXKET MPUBECTH K
HEOOpaTUMBIM M3MEHEHUsM [16].

OTMEUYEHHOE CHW)KCHHE AaKTHBHOCTH (epMEH-
TOB TpPU TIOBBIIICHUU CTPECCOBOTO BO3/CHCTBHS
MOYHO OOBSICHUTH YPE3BBIYAHO BBICOKUM YPOB-
HeM ADK nimm ux OBICTpON MHAKTHBAITHEH B XOJE
Katanusupyemon peakuuu [20].

Ha ocHoBaHMM paHee MPOBEACHHOI'O HAMHU HC-
ciemnoBaHus [23], TMOCBSIIEHHOTO MOPGOPU3HOIO-

THYECKAM O0COOEHHOCTSIM KMHOA, OBIJIO yCTaHOBIIE-
HO, YTO IIPHU HCIIOJIb30BAHUHM KOHIICHTPAIMU COJIU
200 MM NaCl napymarorcsi ”HAMBHIYyalbHbIC Me-
XaHW3MBI aalTalrl, B TO BpeMs Kak Ipy KOHIIEH-
tpauuu 300 MM NaCl HaOro1ar0TCsl 3HAUNUTEIIBHBIC
W3MEHEHUsS] B BOJAHOM OajaHce pacTeHHH, CBsI3aH-
HBIC C CTPYKTYPHBIMH MTOBPEKICHUSIMH KIIETOK.

3akIouyenne

Takum 00pa3om, MOXKHO clenaTh BBIBOJ, UTO
BO3/IEMICTBHE OJMHOYHOTO CTpecca OKa3aloch Me-
Hee CYIIECTBEHHBIM IO CPaBHEHHIO C IPPEeKTOM
KOMOWHHMPOBAHHOTO CTpecca, a pe3yJIbTaThl, MOIy-
YeHHbIE TIPU KOMOWHUpPOBaHHOM Bo3zeiicTBun 200
MM NaCl + PEG, cBHIETENBCTBYIOT O TEpexojie
0T 3ycTpecca («IIOJOXKHUTENbHBINY) CTpece, croco0-
CTBYIOIIMH afaInTalunm) K JucTpeccy («OTpULIaTeIIb-
HBII» CTPECC, BBI3BIBAIOIINI HAPYIIICHUSI) Y MOJIO-
JIBIX pACTEHUH KHUHOA.

BrIABIEHHBIE 3aKOHOMEPHOCTH B N3MEHEHHH
AKTHUBHOCTH (DEpMEHTATUBHBIX AHTHOKCHJIAHTOB
110J] BO3/IEMCTBUEM OJIMHOYHOTO U COYETAHHOI'O
cTpecca CHOCOOCTBYIOT JydlleMy IOHUMaHHUIO
MEXaHU3MOB CTPECCOYCTOMYMBOCTU KHHOA. Tak
KakK HM3y4aeMble AHTHOKCHUAAHTBl MOTYT HaWTH
NIPUMEHEHHE B IPOU3BOACTBE IHIIEBBIX MPO-
IYKTOB U B (papMakoJoruu, yiydiias KadecTBO
MPOAYKUUU U OOecrevynBas 3aluTy OT OKHCIIH-
TEIBHOTO CTpecca, MOJyYEeHHbIE HAMH pe3yJIbTa-
Thl MOTYT TOCIYXKHTh OCHOBOH JJisi pa3paboTKu
METOJIOB II€JIEHAIIPaBIECHHOIO CUHTE3a MOJIE3HbBIX
(hepMEHTOB-aHTHOKCUIAHTOB PacTUTEIBHOTO
MIPOUCXOKEHUS.
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v Asropsl B OBSA3ATEJIBHOM nopsizike JTOJKHBI yKa3arh B CONMPOBOAMTEILHOM THchMe B cucteme Open Journal System
wmn Editorial Manager o Tom, uTo HanpasisieMasl CTaThs/pyKOIICh HUTAE paHee He IMyOMKoBalack, M YTO B CTaTbe OTCYTCTBYIOT
3aUMCTBOBAaHHbIE ()parMEHTHI TEKCTa U3 IPYIHX paboT Oe3 CCHUIOK Ha HUX.

v' TIOpAIOK OIUIATHI M CTOMMOCTD 32 TTyONHUKAIMIO CTAThH yCTAHABIMUBAETCS M3IATENBCKUM JoMOM «Kasak YHHBEpPCHTET» U
MPOU3BOJIUTCSI ABTOPOM TIOCIIE 0Z00PEHHS] BHEITHUMH PEIIEH3eHTaMH 1 HayYHBIM PEIaKTOPOM.

CTpyKTypa cTaThu:
PaGotel, oopmieHHBIE €3 COOMIOIEHNS STUX MPABUII, BO3BPAILAIOTCS 03 PACCMOTPEHHSI.

Ilepsaa cmpanuya:

IlepBasi crpoka — Homep MPHTHU
Ha3Banmue crarbu (3arojioBok)
ABTOpP(BI) CTATBH

Opcua ID Homepa aBTOpOB
Coxpanienusi 1 0003Ha4YeHHSs
AHHOTAIUS

KiroueBbie ¢/10Ba/c/10BOCOYCTAHUS

IlepBasi crpoxka — nomep MPHTH (B ncximountensHbix ciydasx Y/IK), BeIpaBHHBaHHE — IO JIEBOMY Kparo, MpUPT —
nonyxupasiii. Homep MPHTU HeoGxonnmo HaliTu Ha caiite http://grnti.ru/.

Ha3Banmue cTaTbu (3arojioBoK) JOJDKHO OTpaXkaTh CYTh U COJEP)KaHUE CTAaThU M NPUBJIEKaTh BHUMaHHe untaressi. Ha3paHnue
JIOJDKHO OBITh KpaTKUM, HH(OPMATHBHEIM U HE COJEPIKaTh KAProHN3MOB WK ab0peBuatyp. OnTUManbpHas JUIMHA 3arojiloBKa — 5-7
cJI0B (B HEKOTOPBIX cirydasx 10-12 cio). Ha3Banne cTaTbu JOJDKHO OBITH MPECTABICHO HA PYCCKOM, Ka3aXCKOM M aHITIMHACKOM
s3pIKax. Ha3BaHue craTthy IpeCcTaBIsIeTCs MOMY)KUPHBIM IIPU(GTOM CTPOUYHBIMU OyKBaMH, BEIPABHUBAHHE — I10 IIEHTPY.

v ABTOP(BI) CTATHH — KOJIUYECTBO ABTOPOB HE OTPAHUYEHO. B CIMCOK JOMKHBI BXOIUT JaHHBIE aBTOPOB, KOTOPHIE MMEIOT
IpSIMOE OTHOIICHHE K HAIMCAHWIO CTAaThH, T€ KTO BBIMOJHSUI AKCIEPUMEHTHI M MOJyYHII JaHHBIE U PEe3yJbTaThl, OTPAKECHHBIC B
CTaTbhe, TE KTO SIBIISICTCS] aBTOPOM OCHOBHOMW HMJICU ITyOIHKaIIUH.

CeeneHust 00 aBTOpax MPEJCTABISIFOTCS OOBIMHBIM IIPU(PTOM CTPOYHBIMM OyKBaMH, BBIPAaBHHBaHHE — IO LEHTPY.
[prHaAICKHOCTH aBTOPOB K OTPEICICHHOMY MECTY pabOThI YKa3bIBACTCS B BUE HAJACTPOUHBIX HHACKCOB 10 hammiinu 3 ABTOpPBI
U3 OJHOW W TOW e OpraHM3allH YKa3bIBAIOTCS TIOJ OJAMHAKOBOW HajcTpouHou mu¢ppoit. s aBropoB KasHY obs3arambHOE

ykazanue ID nomepoB ORCID ¢ ucnonb30BaHUEM THUINEPCCHUIKA B 3HAYKE @ , JUISL aBTOPOB CTOPOHHUX OpraHu3aluid 1o
sKenaHnio. KoppecnoHIeHTHBIN aBTOp 0TMEYAETCs HAJICTPOYHBIM 3HAKOM™.

"Munumanet u hamvunust, *MHunmae: 1 hamunus™
'MecTo pabotsl (adduinaiust), crpata, TOpos
2mecto paborsl (adduirarms), crpaHa, ropoj
*KoppecrnoHJeHTHBIN aBTOp — e-mail

KOppeCHOHZ{eHTHLIM AaBTOPOM SABJISIETCS TOT aBTOP, KOTOpBIﬁ BCJICT MEPEIUCKY C penakuneﬁ J10 U IIOCJIC M€YaTu U OTBEYACT Ha

BCEC 3aMCYaHus U UCIIPABJICHUS 110 CTAThHE. Baxno yKazatb ﬂeﬁCTByIOH_IPIﬁ SHGKTpOHHLIﬁ aZp€C MU KOHTAKTHBIC JAaHHBIC IPU IOJAa4u1
CTaTbU.
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1. CoxpaumieHus 1 0003HAYEHHS — €CIIU UMEIOTCSL.

v' Aunotauusi o6beMoM He Menee 150 ciioB, He 6osiee 300 CJIOB Ha PYCCKOM, Ka3aXCKOM U aHIVIMICKOM A3BIKAX.
o Crpykrypa anHotanun Bkiarodaet B cebds cnenyronme OBSI3ATEJIbHBIE nyHkThI:

1. BerynuTenbHOE CI0BO O TeMe UCCIIEIOBAHUS.

2. Llenb, OCHOBHBIE HAINPABIEHHUS U UAEH HAYYHOTO UCCIICOBAHMUSL.

3. Kparkoe onricanvie HayYHOH U MPAKTUYECKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onrcanyue METOI0J0THH UCCIIEIOBAHUSI.

5. OCHOBHbIE Pe3yJbTAThl U AHAJIN3, BHIBOJIBI HCCIIEIOBATEIBCKON paOOTHI.

6. LleHHOCTH IPOBEICHHOTO MCCICIOBaHMS (BHECECHHBIN BKJIA]] TAHHOW paOOThI B COOTBETCTBYIOIIYHO 00JIACTh 3HAHUH ).
7. IlpakTmyeckoe 3HaYCHHE UTOTOB PAOOTHI.

v' KiioueBble CJI0BA/CJI0BOCOUETAHUSI — KOJIMUECTBOM 3-5 Ha PYCCKOM, KA3aXCKOM M aHTIIMHCKOM SI3bIKaX.

Hocnedyrowan cmpanuya (nosas):
Beenenune

Marepuajbl u MeToabl
Pesynbrarel n O0cyxaenue
3akiI0ueHne, BbIBOJbI
Baaropapnoctn

Hctounuk puHAHCUPOBAHUSA
Konduauxkr narepecos
Jlureparypa

BBeeHue COCTOUT U3 CIEAYIONMX OCHOBHBIX 2JIEMEHTOB:

v' OGocHOBaHWE BBHIOOPA TEMBI; aKTYyalLHOCTh TEMbI WM NpobiieMbl. B 000cHOBaHNM BHIOOpA TEMBI HA OCHOBE OMMCAHUS
OTBITA MPENNICCTBCHHUKOB COOOMIACTCS O HATMYHK MPOOIEMHOM CUTyaIiu (OTCYTCTBHE KaKUX-JIMOO HMCCIICIOBAHUIA, TIOSIBICHUE
HOBOTO O0BEKTA U T.JI.). AKTYaJIbHOCTh TEMBI OIPENENISCTCS OOIUM HHTEPECOM K U3YYCHHOCTH JAHHOTO 00BEKTa, HO OTCYTCTBHEM
HMCYEPIBIBAIONINX OTBETOB HA MMEIOLIMECS BOIIPOCHI, OHA JOKA3bIBAETCS TEOPETUUYECKON MIIM MPAKTUUYECKON 3HAYUMOCTHIO TEMBI.

v' B ceKuuu D0/KHBI ObITH OXBadeHbl (DyHIAMEHTABHBIE W HOBBIE TPY/IBI M0 MCCIEAYEMON TEMATUKE 3apyOekKHBIX aBTOPOB
Ha aHTIIMIICKOM si3bIke (HEe MeHee 15 Tpy[oB), aHa M3 AaHHBIX TPYIOB C TOUKH 3PEHUSI MX HAYYHOTO BKJIAJa, a TAKKe MPOOEITbl B
HCCIIeIOBaHNU, KOTOpBIe BEI TomonHsieTe B cBoei craThe.

v' Omnpenenenre o0beKTa, MpeaMera, ILeNied, 3a1ad, METOIOB, TOAXOAO0B, TUIOTE3bl M 3HaueHHs Bauiedl paborel Llennb
HCCIICIOBAaHMsI CBSI3aHA C JIOKA3aTeIbCTBOM TE3HCA, TO €CTh MPEACTABICHHEM IMPEIMETa HCCIICIOBAHUS B M30pPAaHHOM aBTOPOM
acIieKTe.

Marepuanabl 1 MeToabl — JODKHBI COCTOSITH W3 ONMCAHMS MaTepHajoB M Xoia paboThl, a TAaKKe ITOJHOTO OIHCAHMS
HCIOJIb30BAHHBIX METOJIOB.
v’ XapakTepuCTHKa MM OTICAHIE MaTepuajia HCCIE[OBAHNUS BKITIOUAET €r0 MPEICTABICHHIE B KAYECTBEHHOM U KOJIMYECTBEHHOM
OTHOIICHNH. XapaKTepUCTHKa MaTepraja — OUH N3 (JaKTOPOB, ONPEACIISIONINH JOCTOBEPHOCTE BBIBOIOB M METO/IOB HCCIICIOBAHMS.
v’ B 9TOM pasiene OMKMCHIBAETCs, Kak TMpoOneMa Obuta W3ydeHa: moapoOHas wH(opMmanus Oe3 MOBTOPEHUs paHee
OITyOJIMKOBAHHBIX YCTAHOBJICHHBIX IPOLENYP; HCIIONB3yeTCs HASHTU(GHKAIUS 000pyJoBaHHs (IPOrPaMMHOTO OOECIIeueHus) n
OIMCaHNe MaTepUajIoB, C 00sI3aTeEHBIM BHECEHNEM HOBH3HBI IIPH HCIIOJIb30BAHIH MaTEePUaoB U METO/IOB.
Hay4Hast MeTO0I0THsI TOJDKHA BKJIIOYATh B CEOs:
- ICCIIE/IOBATEIILCKUIT BOIIPOC(-BI);
- BBIIBUTAEMYIO THITOTE3Y (TE3HC);
- 9TaIlbl UCCIIEIOBAHNUS;
- METO/Ibl HCCIIE0BAHNUS;
- pe3yabTaThl UCCIEIOBAHMUS.
HEJZIOITY CTUMO Hanu4ne MHOXECTBa CCBUIOK, HE HMEIOIINX OTHOIICHHUS K paboTe, MK HEYMECTHBIE CY)KAEHHS O BaIlINX
COOCTBEHHBIX JJOCTH)KEHHUSIX, CCHUIKH Ha Bamm npenpiymue padboTsl.

AV NN N NN

Pe3y.m,TaT1,1 u Oﬁcy;wlelme — [IPUBOAUTCA aHAJIU3 U 06Cy)KZ[eHI/Ie NOJYYCHHBIX BaAMU PE3YJbTATOB UCCIICAOBAHUS. HpI/IBOZ[ﬂTCSI
BbIBOJY IO IOJYYCHHBIM B XOJAC UCCICHOBAHHS PE3yJbTaTaM, PAaCKpPbIBAE€TCSA OCHOBHasA CYTb. W 3T0 0oMH M3 CaMbIX BaKHBIX
pas3aciioB CTaTbu. B Hem H€O6XOZ[I/IMO IIPOBECTU aHAJIU3 PE3YJIbTATOB cBoeH pa60TLI u o6cy>1<,z[eH1/Ie COOTBETCTBYIOIIUX PE3YIbTATOB
B CpaBHEHHU C NPEAbITYITUMU pa60TaMI/I WHOCTPAHHBIX U OTCYETCBCHHBIX aBTOPOB, aHAJIM3aMU U BbIBOJJaMU.

3aki0ueHne, BHIBOIBI

O000IICHHEe U TOABEJACHUE UTOTOB pabOThl HA JAHHOM 3Talle; MOATBEPKICHUEC MCTUHHOCTU BBIJIBUTAEMOTO YTBEPXKICHHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKIFOUCHHE aBTOpa 00 M3MEHCHHUH HAYyYHOTO 3HAHUS C YYETOM MONYUYCHHBIX PE3y/bTaTtoB. BeIBOIBI He
JIOJDKHBI OBITh a0CTPAKTHBIMHU, OHH JIOJDKHBI OBITh HCIIONB30BaHBI JIJIsl 000OIICHNUS PE3yJIbTaTOB MCCIICAOBAHUS B TOM WM WHON
HAyYHOU 00aCTH, C OMMCAHUEM MPETIOKEHHII HITH BO3MOXKHOCTEH JabHEHIIEH padoThI.

CrpyKTypa 3aKII04eHUs I0JIKHA COIePKaTh CleyIole Bonpochl: KakoBbl e U MeTobl uccnenoBanus? Kakue pesynbsrars
nony4eHbl? KakoBbl BEIBO/IbI? KaKkoBBI MEpCHEKTUBBI M BO3MOKHOCTH BHEIPECHUSI, IPUMECHEHHS pa3padoTKu?
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KoH(uIMKT HMHTepecoB — »eJlaTelbHO yKa3aTh HMeEIomuecs KOH(QIMKTBI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTeJIbHO MaTepuajIoB cTaTbi. ECIM HET HUKaKUX KOH(IMKTOB K OIMyOIMKOBAaHUIO MATEPHANIOB B CTAThe, yKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Baaropapuocrn — IlepeuncnuTe Jitonei, KOTOpbIe OKa3aJld MOMOIb BO BpEeMs HCCIEIOBAaHUS (HarpuMep, MPefoCTaBIIN
MOMOIIIb B IEPEBOJIE, TUCHMEHHYIO OMOIIb WIIH TIPEIOCTABHIIN MaTepuas/o00pya0BaHue Ui paboThl U T.1.)

Hcrounuk ¢unancupoBanus — Crexyer ykasaTb B paMKax Kakoro MpOEKTa WM IporpaMMbl OblIa BBIIIOJIHEHA padoTa,
yKa3arb TOJl U HOMEP JI0roBOpa o NPOEKTY/IIporpamMmme.

Jluteparypa

CrmcoK MCTob3yeMoil uTeparypsl, win bubnuorpaduuecknii CIUCOK COCTOUT W3 HE MeHee 25 HaMMEHOBAHHUH JIUTePaTyphl
JUISL €CTECTBEHHOHAYYHbBIX M TEXHMYECKHX HAIPAaBICHUH U U3 OOIIEro 4ncia HAMMCHOBAHMN Ha aHIIMHCKOM S3bIKE JOJKHO OBITH
He meHee 50%.

JUi1s eCTeCTBEHHOHAYYHBIX CTaTeH CChUIKM OhOPMIIIIOTCS B KBaIPATHBIX CKOOKAX C YKa3aHHEM HyMEpalUH [0 Mepe MOsIBIISCHHS
HUTHPYEeMBIX paboT B Tekcte. CTuiib odopmieHus crucka autepatypsl cortacio [OCT 7.1-2003 «bubnuorpaduyeckas 3amuch.
bubnuorpadpuyeckoe onucanue. OOiue TpeOOBaHus U IpaBUiia COCTaBICHHs» (TpeOoBaHHe K M3IaHHUIM, BXOSIIUX B MEpeYeHb
KKCOH).

[Hanee cnenyet BTopoii crincok nuteparypsl (References, koTopblif go/mkeH ObITH MpegoCTaBlIeH B ApYyroil popMe, TO ecTh —
pomaHH3upoBaHHBIM andasutom (TpaHciutepais). References TOJIBKO Te paboTsl, KoTOpbIe UTHPYIOTCS B TekcTe. Reference
oopmitsiercst B anaBUTHOM mopsiake!

PoMaHU3MPOBaHHbIH CIUCOK JINTEPATYPbI JOIDKEH BBINIAACTH B CIEAYIONIEM BHUAE /Ul HCTOYHUKOB Ha KMPUILTHIE: aBTOP(-bI)
(TpancauTepanys) — (rof B KpyIIbIX CKOOKax)—Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapHaHTE [[I€PEBOJ HA3BAaHMS CTaThbU
Ha aHIVIMHCKUIL SA3bIK B KBA/IPATHBIX CKOOKAX ], HA3BaHUE PYCCKOS3bIYHOTO HCTOYHUKA (TPAHCIUTEPALMS, MO0 aHIINIICKOE Ha3BaHUe
— €CJIH €CTb), BHIXOIHbBIE IJaHHbIE ¢ 0003HAYEHUSMU Ha aHIJIMHCKOM SI3bIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb odopmiiennss POMaHH3MPOBAaHHOTO CIMCKA JINTEPATYPhl N3 HCTOYHUKOB HA aHIIMICKOM (JIPYroM HHOCTPAHHOM) SI3bIKE
JUTS1 €CTeCTBEHHOHAYYHbIX U TeXHUYecKuX Hanpasnenunii — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0UMO YUeCTh:

- IlutupyroTcs OCHOBHbIE Hay4HbIe IyOJIMKAllMM, MEPEeOBble METOABI MCCIEN0OBaHMs, KOTOPbIe NMPUMEHSIOTCS B JaHHOMN
00s1acTy HayKu M Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- U30eraiiTe upe3MEpHBIX CAMOLIMTHPOBAHHM.

- MU30eraiite upe3mepHbIx ccbiiok Ha myOmukamuu aBropoB CHI/CCCP, ucnonssyiite muposoii omsit (Pubmed, Web of
Science). He creyer cchuiaThCst Ha SHIMKIIONEANH, MOHOTpad MK, TUCCePTALIMU U MAaTEePUaIbl, Ha KOTOPbIE HET OOIIEero A0CTyIa.

- bBubnuorpaduuecknii Ciucok JOMKEH conepkarb (QyHIaMeHTaJIbHble U HauOosee aKTyalbHbIe TPYAbI, OMYOINKOBAHHbIC
U3BECTHBIMH 3apyOeKHBIMH aBTOPAMH M HCCIIEI0BATEISAMHU 110 TEME CTAThH.

Croumocts mydaukanuu — 2000 TeHre/cTpaHuia
PexBu3nTBI:

Hexommepueckoe akunonepHoe o0mecTBo «Kazaxckuii HAMOHANBHBIN yHUBEpCUTET UMeHH Anb-Dapaduy
Hugexc 050040

azapec: . Anmarsl, mmp. anb-®apadu 71

BUH 990140001154

KBE 16

AO «First Heartland Jysan Bank»

NHMK KZ19998CTB0000567141 — Tenre

NHMK KZ40998CTB0000567151 — USD

BUK TSESKZKA
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