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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DYNAMICS OF THE RELIC FOREST LANDSCAPE
IN AZERBAIJAN AND WAYS TO SOLVE ENVIRONMENTAL
PROBLEMS

Abstract. For the first time in the article, emerging the historical dynamics of the relief landscape of Azerbaijan
and the ecological problems from ithave been studied extensively. It has been established, plain forests completely
destroyed and transposed to anthropogenic complexes; the biodiversity of existing forest ecosystems has been dimi-
nished, some species of trees and shrubs have been ruined, and the density of the forest has dropped from the ecolo-
gical norm. The proposed environmental sustainability index is calculated (by the formula X; = S,/S;) ecological
stability in the studied region. Taking into consideration the role of the Relict Forest Ecosystem in the preservation of
the global gene pool, the Hirkan National Park area must be expanding to three times.

Keywords: the National park Hirkan, relic forest ecosystem, initial forest, relief, natural landscape.

1. Introduction. The study of relic elements of natural complexes studies, their role in the genesis,
structure, function, dynamics and evolution of landscapes is one of the important issues in modern land-
scape science. In the structure of Azerbaijan landscapes, it is possible to find both natural and anthro-
pogenic relic elements. Usually, the relic elements in landscapes complicate its structure and further
enhance internal diversity.

2. Objects and methods of researches. The research area is located on the west coast of the Caspian
Sea in the south of the Republic of Azerbaijan. The area is 6069.0 km®. The relief is located in the eastern
part of the plain and in the west from the Talish, Pestasar,andBurovar mountain ranges. The absolute
height of the relief ranges from 27 m to 2493 m.

Method of the research. The relief elements of the landscape are divided into two places: dynamic
and static. Static relief elements include relief, lithological composition of rocks, and dynamic relic ele-
ments to fauna and flora. The research area region landscapes are mostly rich in dynamic relic elements.

The relief of the Lankaran lowland and the rocks forming it are younger than the New Caspian area.
But later, the Hirkan-type relic flora and fauna species in the neighboring mountainous region migrated to
the lowlands and formed existing grass-forest landscapes. Thus, the relief of the Lankaran lowland's na-
tural forest ecosystems and the geological substrate is relatively young and the formed biocenoses have
older relic elements. For this reason, modern natural landscapes of the plains are relict complexes.
The forest and forest-field complexes consisting of hirkan flora formed on the volcanic sedimentary rocks
of the eosan-oligocene age are the typical relict landscapes of the mountainous part of the study area
[1;9; 10].

These landscapes are the largest single relief natural system in Azerbaijan, which has reached today,
leaving behind the harsh climatic conditions of millions of years of geological eras and of the fourth era of
glaciation. However, during the historical periods, the natural landscapes of the Lankaran region have
undergone severe structural transformation through man's economic activity and have been transformed
into derivative forests in some territories (table 1).

—— 48 ——
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Table 1 — Structural signs of primary and derivative (secondary) forests in Lankaran geographical area

erlcktl Age Tiers Thef}}[«lellght Forest . Growth Agfe "fl"y{)en t
variety of trees otthe structure | height, | volume, ° ot pia
of plants trees m m3 forest species
Initial forest in Astara river basin
1000 hectare ) - Different age Tiers: | Middle: | Regular | 026 | 014 | 6580 | Sibljakand
32 species composition from [-IV-tree
from 25 0,40 0,45 years others
of plant 30 years 100 and V-bush
to 40 m
more than VI-grass
Secondary forest
Monodominant The same age as 2-3 yaruslu . . Irregular 0,60 0,38 40-50 Thin herbs,
- I-tree Middle: e
the composition 0,70 0,57 years sibljakand
II-bush 10-15m
50-60 years others
1I1-grass

The analysis of Table 1 shows that in the natural-geographical region of Lankaran, every 1000 ha of
the initial relic forest landscape were 32 types of trees and shrubs.At present, we can find relict forests,
which have relatively preserved their original structure in the Hirkan National Park and the Astara river
basin.

Observations made in the area near Haftoni and TazaAlvadivillageswere shown the secondary forest
ecosystems are more monodominant and the species of trees and bushes are 5-6 times smaller than earlier.
There are no significant differences in the age of trees in such forests, just its structure is 2-3 tires. The
height of trees and the increase in wood is 1.5-2 times more than the initial forests.

Anthropogenic dynamics of forest ecosystems. As a result of man's economic activity, the area of
the forest has declined, the composition has changed, the density decreases, and the natural regeneration
has weakened. Currently, the relict ecosystem forest of Talish has remained in episodic form, only in the
plains of the region. In the biogeographic surveysthere are 1167 species of plants in the Hirkan (369 km®)
forest ecosystems[6]. According to this indication, Hirkan forest ecosystems occupy the first place among
18 Caucasian states of the florist. Even in the low-density subtropical Kolxida region of Georgia, the
number of plant species in 1,000 hectares is three times less than the Hirkan forests.

According to [3; 11] there are 150 trees and shrubs in the dendroflora of Talish, 36 of them are
endemic. Iran's Caspian region is the center ofHirkan forest ecosystems with the relic elements. The area
of these forests has been more than 35,000 km®.

3. Results. The major violations of the forest ecosystem with anthropogenic impacts are more
common in the plain. Each landscape must fulfill a certain function in accordance with the socio-economic
requirements of the existing society. The analysis shows that socio-economic functions of the forest
ecosystems of Lankaran have also changed in the historical periods change, and natural complexes have
been reconstructed accordingly (table 2).

Table 2 — Trends in the economic functioning of forest landscapes in Lankaranand the surrounding lowlands

Years Area, Forest ef osystem, Anthropogerﬁlc Trends in the economic functioning of forest landscapes
hectares % landscapes, %
1890-1898 | 135890 49 037/36 86 853/64 Rice paddy, cattle breeding, hunting
1914-1930 | 138494 28 038/20 110 456/80 Rice paddy, cattle breeding, tobacco-cultivation
1930-1950 | 138 010 21 100/15 116 910/85 Tea-growmg, rice pgddy, citrus fruits growing, vegetable
growing, cattle breeding
1980-2017 | 250974 2618/1 248 356/99 Tea-growing, vegetable growing, cattle breeding, tourism

By the end of the 19th century, the forests were broken down for the use of rice paddy, expansion of
habitat and the use of fuel. Until that time, 36% of the plain was covered with forests [2; 5]. The massive
destruction of the forests was observed in the first half of the 20th century. During this period, to develop
intensive tea-growing and citrus fruits, 27 937 ha of valuable relict species were destroyed by extinction.
At present, up to one percent of the plains can be found with anthropogenic degradation in the forests
(figure 1).
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Figure 1 — Dynamics of the ratio of agro-ecosystems to ecosystems over the past 120 years
in the Lankaran and surrounding lowland

Only plains of forests have been found in the territory of the Hirkan National Park. In the moun-
tainous part of the area, there is an ancient history of deforestation [3; 6]. According to our research, the
ecological potential for the initial settlement in Azerbaijan was the arid forests and forests of low
mountainous and foothill, which are more accessible for human activity. These landscapes are widely
spread in the middle mountainous area of Talish. The arid forests, including half-humid and humid
mountain forests, have been transformedto the present-day mountain xerophyte stony and forest bushes
with anthropogenic impact (figures 2, 3). Due to the destruction of forests, some species of animal pe-
rished or sharply reduced. From the analysis of historical sources has been discovered in the beginning of
the XVIII century the lion (Potheraleo), the wild bull (B.mstana-Zadei) (beginning of the XIX century),
Leopard (Panthera pardus Y) until the end of the XIX century, 1912 the white deer (Carvuselapus Y.), and
until 1890-1932, the tiger (Pantheratigir Y.) was widely spread in the natural geographical region of
Lankaran (table 3).

Table 3 — Dynamics of biodiversity in natural-geographical region Lankaran (M.Ismayilov, 1990)

The name of the species Perished period, century/year
1. The tiger (Panthera tigirs Y) Beginning of the X VIII century
2. The wild bull (B.mstana-Zadei) Beginning of the XIX century
3. The white deer (Carvuselapus Y.) 1912
4. The lion (Pontheraleo) 1890-1932
5. The leopard (Panthera pardus Y) 1950

Table 4 — Distribution of available natural landscapes in Lankaran physical-geographical region

The number in map The landscape name Area, km’
1 The xerophytic bush in the middle hill 938,7527
2 The forests of the low and middle mountain 1442,071724
3 Dry xerophyte steppe low mountain landscapes 491,915377
4 The meadow grass bush after the forest 712,070904
5 The low mountain steps 176,307631
6 The xerophytic steppe meadow landscapes 310,521866
7 Dry steppe meadow landscapes 305,880385
8 The hydromorphic landscapes 477,642945
9 The semi-desert of the lowland 353,127003
10 The coastal sand dune semi-desert 23,236721
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Figure 2 — Natural landscapes that can be formed

The climate is one of the later changing components of the landscape from anthropogenic impacts,
that is why the initial landscape map (figure 4) is based on the heat and humidity quantities (figure 4).
By the formula of Shashko (1961):

P
Md=7m——:, 1
) M
P — quantities ratio of atmospheric precipitation; X (E-e) — saturation deficit; Md — moisture supply of

plants.

The advantage of this formula is expressed as the quantities ratio of atmospheric precipitation to the
moisture deficiency, which is the main factor in evaporation.The obtained quantities are closely linked to
the composition and productivity of plants. This index is a more reliable tool for studying humidification
in complex relief areas [1; 4; 7].

The results obtained from the comparison of the above-mentioned landscape maps are shown in tab-
le 5. As is evident, the areaof the Suppose forest landscapes is 4427.8 km”. During the past decades,
forests have been demolished and transformed into different landscapes. As a result, arid mountain forests
(0.2), arid (0.0), half-humid (0.0), moisture (0.0) and Moisture-rich (0.01) forest landscapes. Accordingly,
xerophyte landscapes were largely transformed into dry steppe and grassy landscapes.
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Figure 3 — Natural landscapes available at present

Role of forest ecosystems in the protection of ecological stability. For the sustainable development
of the region is important to explore the environmental sustainability and the ways to optimize.

For this purpose, the role of forest ecosystems has been assessed in environmental sustainability.
Currently, the total area of forests is 1472.3 km® in the Lankaran natural-geographical area, which makes
up of the total area 24.3%. At present, the ecological situation of the region is closely linked to the
structural and functional characteristics of forest ecosystems. We have identified forest covering and
environmental sustainability indexes in the study area.

The forest cover index is calculated by the following formula[1; 7; 12]:

Mi = Sl/ S2 5
Mi — forest coverage index; S; — forest covered area; S, — a general comparison area.

The environmental sustainability index was calculated by the ratio of forest covered area to the total

area of agro-ecosystems:
Yi=S/S;,
here Xi — the index of ecological stability; S; — total area of comparable agroecosystems.
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Table 5 — Comparative analysis of suppose landscapes and existing natural landscape in natural humidification conditions

Moisture Area of The traps-
supply Moisture Suppose Ar;e by Existing natural the suppose | - formation
of plants km*/% landscapes, | indexes of
p > landscapes landscape 270
Md=_2" (Sy) km*/% landscapes
Y(E-e) (SZ) T= 82/81
Hydromorphic 2773
<0,10 Arid Semi-desert 2884 Y - l 0,3
5,1 Semi-desert 74,1
L . 670.7 | Semi-desert 279,0
2 | 0,10-0,15 Semi-arid | Dry plain v 0,4
12,1 | Dry steppe 291,7
Dry st 183,4
3 | 0.15:025 Arid Dry xeroph}_/te steppe 219.5 ry steppc 0.5
low mountain 3,9 | Xerophyte steppe 108,4
) ) Xerophyte bush 938,8
a. Arid forests in low 159.3 Drv st 3472 0.2
and middle mountains 28,5 Iy Steppe 2 ’
4 | 0,25-0,35 Semi-arid Arid forest 3123
4 b. Arid forests 387.,6 | Dry steppe 239,9 0,0
landscapes of plains 6,9 Hydromorphic 147,7
5a. Semi-humid moun- 109.7 | Dry xerophyte steppe 498,6 0.5
5 | 0.35-0.45 Semi- tain forests landscapes 19,6 Mountain-forest 600,1 ’
weT humid - :
5b. Semi-humid forest 152.4 Meadow-bush 152.4 0.0
landscapes of plains 2,7
6a. Humid f_orests n 2645 Mountain-forest 264,5 1,0
] low mountain 2,6
6 | 0:45-0,60 Humid 6b. Humid forests 185,6 | Semi-desert 23,2 0.0
landscapes of plains 3,3 Dry bush 162,4 ’
Moisture- | Moisture-rich forests of | 740,7 | Meadow-bush 732,9
7 | >0,60 . . . - - 0,01
rich plains and mountains 13,2 Moisture-rich forests 7.8

4. Conclusion.

1. The horizontal and vertical structure of the Talish forest ecosystems has been seriously violated in
the past 100-150 years. The forests have been almost destroyed and transformed into anthropogenic
complexes. The existing mountain forest ecosystems have diminished biodiversity, some species of trees
have been severely damaged, and the density of the forest has dropped from the ecological norm.

2. For the first time, the environmental sustainability index was calculated by the formula Xi = S,/S;,
and it was determined that the environmental sustainability index for the region was above the average
country level and equaled to 0.5 in the study area.

3. Taking into account the role of the region in the preservation of the unique genetic background of
the unique relict forest landscape, the Hirkan National Park is to be expanded three times, creating
relatively small areas of special protection requiring flexible management.
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"Mucturyr Feorpadguu HAHA, Baky, Azepbaiimkan,
? AsepGaiiKaHCKHit rocynapcTBeHHbIN yauBepcuteT Hed T n npomeinmuienHocTH, baky, Azepbaiimkan

JTAHAMMKA PEJMKTOI'O JIECHOI'O JJAHIIHA®TA A3EPBAMJIZKAHA
N IIYTHU PEHIEHHUSA 9KOJOI'NMYECKHUX ITPOBJIEM JIECOB

AnHoTtanusi. BriepBele B craThe Oblla M3y4YeHa MCTOpUYECKasl JMHAMUKA PEJMKTOBO JaHamadTa AsepOaii-
JoKaHa. PenmukToBble TaH A Thl — COXPaHUBIIHMECS /10 HACTOSIIIETO BPEMEHH YEPThl PA3IMYHBIX KOMIIOHEHTOB JIpe-
BHUX JIaHIA(PTOB, KOTOPbIE BBIPAOATHIBAIUCH NMPU MHBIX (PU3MKO-T€Orp. YCIOBHSX M IPEIACTABISIOT cOOOW Ha-
cienne ObLIBIX NpUpoaHbIX yeinoBuid. b. b. TlonsiHOB (1925) oTMeTHi, 9to B KaXkaoM JaHqmadTe U MoyBe Hapsay ©
KOHCEPBAaTHBHBIMH (COBPEMEHHBIMH) M PENMKTOBBIMHU JIEMEHTaMH CIIEYET pa3indaTh U IPOTPECCUBHBIC 3JIEMEHTHI,
XapaKTEepHU3YIOLINe TPEH | JaJbHeHInero pa3Butus. [Ipy W3ydeHnH penuKTOBBIX JJaHAMIA(TOB HEOOXOIUMO YIUTHI-
BaTh PENMKTOBBIM XapakTep BCEX KOMIIOHEHTOB, CIIAaralolinX PEIMKTOBBIM JaHAMA(THBI KOMIUIEKC U OTAEIbHBIC
€ro KOMIOHEHTHI. B nepBoM ciryyae HaOOp PENMKTOBBIX JIAHAMAPTOB JOCTATOYHO y30K, & BO BTOPOM -HEOOBIYaitHO
HINPOK.

B craree ObLIO yCTaHOBJIEHO, YTO HAMHU M3yY€HHbIE PaBHUHHbIC Jieca (JITHKsIpaHbCKas paBHUHA) MOJHOCTHIO
pa3pylIeHbl 1 TPaHC(OPMHUPOBAHBI B aHTPOIIOT€HHBIE KOMILJIEKCHI, OMOpa3HO00pa3ue CyIIECTBYIONIIHMX JECHBIX KO-
CHUCTEM yYMEHBIIIEHO, HEKOTOPbIE BH/IbI JEPEBLEB U KyCTaPHUKOB Pa3pyLICHbI, a IJIOTHOCTH JIeCa CHU3MUIACH C HKOJIO-
THYEeCKOil HOpMBI. B nepBble HaMu npeanoxkeHHo# Gopmyroit X; = S;/S; npoBeneH pacdeT UHIEeKca KOOI HIeCKOn
YCTOWYHMBOCTH JIaHAIIA()TOB B PETHOHE.

Ki1roueBble c10Ba: penukToBbIe JaHAmadThl, TpaHcopmanus, HakTop, SKOJIOTHIECKUI HHIIEKC.
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