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INTRODUCTION

Relevance and degree of development of the topic. One of
the most important issues that allows for the protection of flora and
the determination of a plan of action to preserve it in its current natu-
ral environment is the determination of the current range of flora'. As
a result of multidisciplinary experiments conducted at the interna-
tional level on the protection of rare species, it has been determined
that the most effective form of protection for flora in the current nat-
ural condition is the preservation of their habitats in specially pro-
tected natural areas’. The most fundamental problem of preserving
the stability of the natural environment is determining the historical
development paths of natural plant communities. The basis for main-
taining the sustainability of coenoses is the protection and monitoring
of their biodiversity.

In accordance with Article 6 of the United Nations Convention
on "Biological Diversity", the “National Strategy of the Republic of
Azerbaijan on Conservation and Sustainable Use of Biodiversity for
2017-2020" was approved by the Decree of the President of the Re-
public of Azerbaijan dated October 3, 2016°. In order to resolve a
number of important issues arising from this Decree, one of the main
goals has been to identify ecosystems with biological diversity in the
regions of the republic and assess them for preservation in natural
environmental conditions.

Mosses are an integral part of natural plant ecosystems and
regulate the material-energy exchange of various biocenoses. Also,
mosses are successfully used as bioindicators in nature conservation,
as they are sensitive components of phytocenoses to environmental

! Ibadullayeva, S.J., Huseynova, M. An Overview of the Plant Diversity of Azer-
baijan. In: Oztiirk, M., Altay, V., Efe, R. (eds) Biodiversity, Conservation and
Sustainability in Asia. Springer, Cham. —2021, —p. 431-478.

2 Bayramova, A.A. Azorbaycanin gorb bolgasinin xiisusi miihafizo olunan tobiot
orazilorinin flora biomiixtalifliyi / A.A. Bayramova, — Baki: Elm, - 2013, -327 s.
3Azarbaycan Respublikasinda bioloji miixtalifliyin qorunmasina vo davaml istifa-
doasina dair 2017-2020-ci illor iiclin Milli Strategiya // Azarbaycan Respublikasi
Prezidentinin 3 oktyabr 2016-c1 il tarixli seroncamu ilo tosdiq edilmisdir. — Baki:

-2016, —s. 20 s.
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factors® -9,

Mosses and lichens are not only indicators of changes in the envi-
ronment, but also closely participate in the processes occurring in these
phytocenoses, creating a special ecological environment. Mosses and
lichens provide a diagnosis of anthropogenic changes in the envi-
ronment and dynamic processes occurring in natural communities. Ac-
cording to famous bryologists, "Mosses are a page of geological history
that cannot be read in other plants"’. Despite the abundance of scien-
tific literature on the study of plant communities and the dynamics of
their individual components® °, this information on lichens and mosses
is relatively scarce. In this regard, the issues of the structure, dynamics,
and regeneration of mosses and lichens are still relevant today.

Since lichens are biologically very sensitive organisms to an-
thropogenic impacts, they have long been included in the list of test
objects within the ecological monitoring network, as an elementary
typological unit of various synusia (microcommunities). The relia-
bility of the indication properties of epiphytic lichens has already
been proven'’.

The fact that lichnes are relatively ecologically plastic living
organisms creates broad opportunities for their distribution in various
natural and climatic zones. Lichens play an important role in the

4 Kamanuna, 1.3. U3yuenue noBepXHOCTH MXOB-OHOMOHHTOPOB B YCIIOBHH Pa3-
HOM TexHoreHHoi Harpysku/ W.3.Kamanuna, C.I1.Kamnuna, 1.1.Bunorpanos (1
np.) //Haydnoe o6o3penue, buonornueckue Hayku. - 2021, N4, - ¢.5-12.

5 Safonov, A.l. Phytoindicational monitoring in Donetsk // Hayka. Meicis. -2016.
No 4. —p.59-71.

¢ Banmesa, D.3. Moxoo0pasHble — HHIMKATOPHl OMOJIOTMYECKH IEHHBIX JIECOB
Pecrry6mmku bamkoprocran // - YDA: UzBectust Y PUMCKOro HayqyHOro IEHTpa
PAH. -2015, Ne4(1). -c.8-11.

7 Bapxanos, II.O. JluctoBaTble M KyCTHCTBIE JMIIAWHWUKK A3zepOaiijkana /
II1.0.bapxanos., — baky: — 1969. — 307 c.

8 Novruzov, V.S. Fitosenologiyanin asaslar1 / V.S.Novruzov. — Baki: Elm, — 2010,

—306 s.
®enuenko, b.A. ®nopa Asmarckoir Poccmm. Bem. 13. Mxu. Y. 2 /

B.A.®enuenko. - Mocksa: Bricmias mkomna, —2017. — 905 c.

10 Ansepauena, C.M. KoHcnekT numaiinukos Asep6aiimxana / C.M.Ansepauesa,

B.C. HoBpy3os, — baky: Omm, — 2014, — 240 c.
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emergence, formation, and dynamics of many new plant communi-
ties, especially vegetation on bare rocks. The study of the lichen flora
of various regions of the Earth is relevant not only from the point of
view of the problem of efficient use and protection of natural re-
sources, but is also very important for solving many theoretical issues
of the history of the formation, development, distribution and ecology
of modern vegetation. Especially in ecosystems existing in mountain-
ous areas, lichens have a very high species diversity and play the role
of ecological monitoring to explain the mechanism of successions. In
addition to being an integral part of the biosphere, lichens are also
closely involved in the emergence and formation of vegetation cover
in the existing area. A comprehensive study of the biodiversity of the
lichens of a specific area is also very important for revealing the bioe-
cological characterristics and application possibilities of the species,
for the efficient use of vegetation cover, and for the protection of the
gene pool.

Considering the role of mosses and lichens in the emergence
and formation of the vegetation cover of the Korchay State Nature
Reserve, as well as in explaining the mechanism of successions, their
species composition, distribution patterns, botanical-geographical
characteristics and indication properties were studied.

Object and subject of research. The object of research is the
lichens and mosses of the Korchay State Nature Reserve. The subject
of the research is the study of mosses and lichens using modern and
classical methods, as well as the identification of species that are tox-
itolerant and sensitive to atmospheric pollutants.

Purpose and objectives of the research. It consists of study-
ing the species composition, distribution patterns, botanical-
geographical characteristics, ecological-cenotic properties of the
mosses and lichens of the Korchay State Nature Reserve, and clarify-
ing the possibilities of their use in biological monitoring.

In order to achieve the main goal set, it is considered important
to fulfill the following tasks:

» Inventory and study of species composition of mosses and
lichens in Korchay State Nature Reserve;

» Determining the distribution patterns of mosses and lichens;
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» Providing the classification and botanical-geographical cha-
racteristics of mosses and lichens;

» Investigating the possibilities of using mosses and lichens as
indicators of environmental conditions;

» Geographical elements of mosses and lichens and their life
forms;

» Ecological-cenotic classification of mosses and lichens and
their synusial structure;

» Development of a system of actions for the protection of ra-
re species of moss and lichens.

Research methods. Comparative morphological, biomor-
phological, biogeographical, bioecological and other methods were
used in the implementation of research.

The main provisions put forward for defense:

1. The formation of the mosses and lichens of the Korchay
State Nature Reserve is related to complex factors and is the result of
the historical development of the flora of the area.

2. The richness of mosses and lichens reflects the tolerance of
the vegetation cover of the Korchay State Nature Reserve.

3. The species diversity and structure of lichens and mosses are
determined by the age of trees and shrubs, the slope inclination, the
degree of herbaceous competition in the soil, and alterations in the
hydrothermal regime of the area.

Scientific novelty of the research. For the first time, a com-
plete inventory of the mosses and lichens of the Korchay State Na-
ture Reserve was conducted, and the botanical and geographical
characteristics of 47 lichens belonging to 17 families and 33 genera,
as well as 38 moss species belonging to 14 families and 26 genera,
were provided. In biological monitoring, lichens such as Cladonia
cornuta (L.) Hoffm. and Physcia stellaris (L.) Nyl., mosses such as
Brachythecium mildeanum (Schimp.) Schimp. ex Milde and
Hylocomium splendens (Hedw.) Schimp. were recommended. The
analysis of lichens was conducted according to the geographical ele-
ments of nemoral, montane, euryholarctic, hypo-arctic-montane, bore-
al, xerocontinental, and multiregional, and the analysis of mosses
according to the geographical elements of boreal, arid, euryholarctic,
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montane and multiregional. As a result of the analysis of geoele-
ments, the origin and formation of the moss and lichen flora of the
study area have been revealed for the first time. Based on the data
obtained, 5 ecological-cenotic complexes of mosses were distin-
guished: xerophytes, mesophytes, mesoxerophytes, hygrophytes, and
hydrophytes. For the first time, as a result of studying the species
composition and ecological-cenotic characteristics of the mosses and
lichens of the reserve, comparative monitoring was conducted with
the mosses and lichen flora of industrial centers close to the reserve
(the cities of Mingachevir and Yevlakh).

Theoretical and practical significance of the research: The
results obtained can be used in developing an action plan for the pro-
tection of rare species of moss and lichen, in monitoring areas bor-
dering the reserve, and in compiling new editions of the "Red Book"
of Azerbaijan. It can be used to develop a system of significant pro-
tective actions at the local and national levels. The collected herbari-
um materials can be used in conducting practical classes in biology
and chemistry-biology specialties. Information on the coenopopula-
tion status of species and their ecology is useful for developing a sys-
tem of conservation measures. A conspectus developed on lichens
and mosses can be considered a baseline for compiling determination
keys and floras

Studying the regular changes in the species diversity of epi-
phytic lichens and mosses in areas most exposed to anthropogenic
impacts can be successfully used to assess the restoration potential of
ecosystems, as well as in planning the region's desert and semi-desert
policy. It is also possible to conduct long-term biomonitoring obser-
vations on anthropogenic changes in natural environmental condi-
tions in the Korchay Reserve based on the polytolerance indices.

Studying the species composition of mosses and lichens in the
Korchay State Nature Reserve is a scientific basis for investigating
the patterns of their distribution in existing ecosystems and conduct-
ing many large-scale monitoring studies.

Approbation and application. The materials of the disserta-
tion have been discussed at a number of international conferences:
“Current Problems of Modern Natural Sciences” (Ganja, 2017),
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“Current Problems of Modern Natural and Economic Sciences”
(Ganja, 2018), “Current Problems of Modern Natural and Economic
Sciences” (Ganja, 2019), 4" Republican Scientific Conference of doc-
toral and master's students on the topic "Unity of Education, Re-
search, and. Innovation" (Nakhchivan, 2022), X All-Russian Scien-
tific and Practical Conference on "Biodiversity and Rational Use of
Natural Resources" (Makhachkala, 2022), "International scientific
conference "Current Problems of Modern Natural and Economic Sci-
ences" dedicated to the 100th anniversary of the birth of National
Leader Heydar Aliyev”.

Eight scientific articles and four theses related to the disserta-
tion (3 articles in international databases: Web of Science, AGRIS,
RSCI) were published in refereed and indexed journals.

Name of the organization where the dissertation was car-
ried out: The dissertation was carried out at the Department of Bota-
ny of Ganja State University.

Structure and scope of the dissertation: The dissertation
comprises 163 pages and consists of an introduction, 8 chapters, con-
clusions, industrial proposals, and a bibliography of 166 references
(including 65 in English). The dissertation consists of 200984 char-
acters (introduction - 11047 characters, chapter I - 11500 characters,
chapter II - 13571 characters, chapter III - 5415 characters, chapter
IV - 57278 characters, chapter V - 72780 characters, chapter VI -
4858 characters, chapter VII - 21343 characters, conclusions - 2702
characters, proposals - 490 characters). The dissertation features 8
tables, 30 figures, and 2 figure-maps.

GENERAL CHARACTERISTICS OF THE WORK
CHAPTER 1. NATURAL-GEOGRAPHICAL CONDITIONS
OF THE KORCHAY STATE NATURE RESERVE

The chapter provides a brief description of the natural conditions
of the Korchay State Nature Reserve: geographical location, relief,
soil, water supply, climate, and vegetation.

The Bozdag Range is located within the coordinates of — 45°50°
north latitude and 46°45  east longitude. Its absolute height is 520 m
and its length is about 150 km. The geographical relief of the area
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consists of semi-desert, steppe, dry steppe, vast plains, hills, and me-
dium and low mountain ranges - the Bozdag ranges. The Bozdag
range 1s located in the northern and foothill slopes and steppe plain
landscape. The geographical relief of the Bozdag massif is distin-
guished by its uniqueness. Thus, the Bozdag massif consists of me-
dium mountain ranges and foothill slopes, semi-desert, steppe plains,
small hills, the Korchay valley, the Bozdag mountain ranges stretch-
ing from west to east (150 km), and the Tugai forests along the banks
of the Kura River. The low and medium mountain ranges of the Boz-
dag massif, stretching from west to east, cover a large area. The area
is surrounded by the Mingachevir reservoir to the north and the
Korchay river valley, the left large tributary of the Kurakchay, to the
south. The map of the Korchay State Nature Reserve is shown in the
figure below (Fig. 1).

Figure 1. Territory of Korchay State Nature Reserve
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CHAPTERIII. LITERATURE REVIEW
The chapter provides information about the history of studying
mosses and lichens of the Korchay State Nature Reserve. The moss
flora of the area has been almost completely unstudied. It is also
clear from the literature that the mosses and lichens of the Korchay
State Nature Reserve have not been extensively and systematically
studied until our research.

CHAPTER II1. RESEARCH MATERIAL AND METHODS

Lichens and mosses were taken as the objects of research.
Lichens and mosses were selected as biological indicators due to
their sensitivity to anthropogenic factors, environmental influences,
and also based on H.H. Trass's Poleotolerance Index (IP).

The research was conducted in 2018-2022 under route and sta-
tionary, semi-stationary, and laboratory conditions. The nomencla-
ture of taxa is given based on modern catalogs. At the same time, flo-
ristic, floristic-systematic, areological, botanical-geographical, phy-
tocenological, and statistical methods were taken into account.

The atmospheric purity of the reserve area was calculated
based on H.H. Trass’s!! Poleotolerance Index (PI), and a species sen-
sitivity scale was established (the frequency of occurrence for each
species was determined using a five-point scale: 1 point for 0-20%; 2
points for 21-40%; 3 points for 41-60%; 4 points for 61-80%; and 5
points for 81-100%).

The research area varies in terms of its geographical location
and topography. However, the reserve area has a general character as
a whole, along with specific features due to the nature of its vegeta-
tion cover. The life forms and ecological groups of lichens and
mosses, the frequency of occurrence of species, as well as their gen-
eral distribution patterns and dominant synusia depending on the type
of substrate, were determined, and the structure of the sample plots in
the reserve was comparatively analyzed by us.

UTpacc, X.X. Kiaccsl MoneoToIepanTHOCTH JIMMIAHHNKOB M SKOJOTHYECKUH MO-
HUTOpHHT // [Ipo6IeMBI HKOJIOTHYECKOTO0 MOHUTOPHHTA W MOJEIHPOBAHUS KO-
cuctem, — JI.: — 1985. 1.7, — ¢. 122.
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The basis of the dissertation is 47 herbarium specimens of
lichens and 38 mosses collected from the research area.

The taxonomic structure of the lichen flora of the Korchay
State Nature Reserve is presented according to O.Erikson'?. For the
identification of species, “Determinants of Lichens of the USSR” 13,
“Flora of Lichens of the Caucasus” '4, as well as for the determina-
tion of ranges, classical catalogs and relevant literature were used'>
16 The systematics of mosses has been modified taking into account
the systems of M.P. Andreyeva!” and M.S. Ignatov'®. "Determinant
of Leafy Mosses of Central Siberia"', "A conspectus of the Moss
Flora of the MPR"?° and "Leafy Mosses of the Caucasus Nature Re-
serve" 2land other literature were used in the definition of mosses.
Relevant literature has been developed on individual genera and spe-
cies. The classification also takes into account the “International
Code of Botanical Nomenclature” %2

Geographic analysis of the lichen flora of the Korchay State Nature

Reserve was carried out on the basis of zonal and regional principles

12 Outline of Ascomycota / Eriksson, O. [eds.] — Myconet, — 2006. v. 9. — p.1-89.

3A6pamos, U.W. Onpenenurens mmmaiinnkos CCCP: [B 5 Tomax] / .M. AGpa-
moB, H.C.T'onyOkoBa, — Jleaunrpan: "Hayka", — t.1, 1971,—410 c.

14 Bapxanog, 111.0. ®nopa nuiaiinukos Kaskasa / 111.0.Bapxaios, - Baky: -1983.-338 c.

15 Santesson, R. The lichens and lichenocolous fungi of Sweden and Norway. —
2003. — 240 p.

16 Urbanavichus, G., Ismailov, I. The lichen flora of Gunib plateau, inner-mountain
Dagestan (North-East Caucasus, Russia). / Turk J Bot. —2013. —p. 753-768.

7 Aunpees, M.I1. ®nopa numaiinukos Poccuu / M.IT. Anapees, JI.E. Tumens6pant
[u ap.], Becthuk POOU, — 2013, — 235 c.

18 Urnaros, M.C. ®nopa MxoB cpenneii wactu Esponetickoit Poccun / M.C . Urnatos,
E.A.Urnarora, — Mocksa: — 2004. 1. 2, — ¢.245-248.

19 Bapaynos, JI.B. Onpenenutens nuctoctebenbHbix MxoB [{entpanbhoii Cubupu
/ J1.B. Bapaynos, — M.: — 1969. — 270 c.

20 A6pamosa, A.JI. Korcnekt dyopsr MxoB Monronckoit Haponnoii Pecrry6maku /
A.JL.Abpamosa, 1.11.Abpamos [u ap.] — JI: Hayka, — 1983, — 221c.

21 Axarosa, T.B. JIucrocrebenbHble Mxu KaBka3ckoro 3amoBeqHUKa (3amaaHblii
Kagxkas, Poccus). // Arctoa, - 2003, T.11, - ¢.179-204.

22 International Code of Botanical Nomenclature. — Leningrad: -1975; —Sidney: -
1983; —Saint Louis: -1999; —Vienna: -2005.
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according to T.N. Klakotskaya®}, N.V. Malysheva %%, V.S. Novruzov®’
etc.

Since the characteristics of life forms are an integral part of the
ecological analysis of flora, a biomorphological analysis of the lichen
flora of the KSNR was carried out according to Gabitov?®. Within the
3 morphological types, many forms were discovered according to the
nature of the thallus. Thus, Arthonia Ach. and Pertusaria DC. be-
long to the endophloid form, Verrucaria Shrad. and Glypholecia Nyl.
to the endolith form group, Lepraria Ach. belongs to the leprous
(powdery) form and other types of forms.

CHAPTER IV. ANALYSIS OF THE TAXONOMIC STRUC-
TURE OF THE LICHEN AND MOSS FLORA

4.1. Taxonomic spectrum

4.1.1. Analysis of the lichen flora. All of the lichen present in
the area belong to the Ascomycota division. It was determined that
the lichen flora of the study area consists of 47 species belonging to
17 families and 33 genera. All of the species shown are shown for
the first time for the reserve area. The main places in terms of species
richness are occupied by the families Cladoniaceae Zenker. (6 spe-
cies), Lecanoraceae Korb. (6 species), Parmeliaceae Zenker. (6 spe-
cies), Teloschistaceae Zahlbr. (5 species), Physciaceae Zahlbr. (4
species) and Ramalinaceae C.Agardh. (4 species). Other families do
not have a wide variety of species, and are represented by 1 or 2 spe-
cies.

2 Knakonkast, T.H. Moxoo6pasupie HIT “ITpunsrckuii” (3BOMIOINMOHHBIH acIeKT,
TaKCOHOMMUSI, 3KoJOrus, reorpadus, >kusHeHHble crparern) / T.H.Knakorkas,
K.M.INerpukosa, A.B.Yrnanen. — Munck: benop-kuit Jlom neu., —2015. — 181 c.

24 Manbimea, H.B. Jlumaiinuku ropogos Espomeiickoii Poccun. 1. Takco-
HOoMHUeckuid aHanm3 // boraH. xxypH., — 2016. T. 91. Nel12. — ¢.834-841.

25 Hospy3os, B.C. ®noporenerrueckuii ananms nmamaiaukos bonsmoro Kaekasa
u Bompockl ux oxpansl / B.C. HoBpy30B, — baky: Omm, — 1990. — 324 c.

26 TabutoBa, C.M., Baumesa, D.3. DKoONOrUYeCKHid aHANU3 OPUOQIOPEI SBTPOQ-
HBIX 60510T Bamkupcekoro 3aypanbs // U3sectust CamapcKoTro HAyYHOTO IICHTPa
PAH., — 2015, 1. 17, Ne6. — c.57-62.
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The chapter analyzes the taxonomic composition of the lichen
flora of the Korchay State Nature Reserve.

A biomorphological analysis of the lichen flora of the Korchay
State Nature Reserve was conducted, and 2”>?® within 3 morphologi-
cal types, many forms (endolithic, endophloid, leprous-powdery,
granular-warty, rosette) were characterized according to the nature of
the thallus®. The taxonomic composition of the lichens of the
Korchay State Nature Reserve is presented in Figure 2.

Number

W genera

W species

Name of families

Figure 2. Taxonomic composition of lichens of the
Korchay State Nature Reserve

4.1.2. Analysis of moss flora. Considering the role of mosses
in the formation of the valley's vegetation cover in the area, the

27 Alekberov, F.F. The mosses flora of Korchay State Nature reserve // Bulletin of
Science and Practice. —2022,v.8, n. 11, —s. 28-31.

28 Anexneposa, ®.®., Hospysos, B.C. [lycTeiHHbIE CTeNHbIE JUIaliHuku Kopyaii-
CKOT'0 TOCY/IapCTBEHHOTo 3aroBeqHuka AsepOaiiikana / buopasHooOpasue u
panroHaIbHOE UCIIOIb30BaHKUE MPUPOAHBIX PECYpcoB. MaTepHaisl J0KnanoB X
Bcepoccuiickoit  Hay9HO-TIPaKTHYECKONH KOH(EpPEeHIMH, € MEeXIyHapOIHBIM
ydactreM. —Maxaukana: 21-22 anpemns, —2022. — s.53-56.

29 Blokbarov, F.F., Abbasov, I.M., Yusifov, C.A. Korcay Dévlet Tabiot Qorugunun arid
ekosistemloarinin sibys florasi // Beynalxalq elmi konfransin materiallar1 “Miiasir Tobiot
vo Iqtisad elmlorinin aktual problemlari”, — Ganca: — 2018, Ne2, —s.136-137.
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mosses of the Korchay State Nature Reserve were studied. Studying
the moss flora of the reserve can provide valuable material on the
history of the development of the region's flora, as well as the evolu-
tion and systematics of mosses. Research reveals that the moss flora
of the area is closely associated with various centers of speciation,
particularly boreal and Mediterranean elements. Their cenotic role
depends on the level of occurrence in the area.

Along with studying the species composition of mosses, it was
considered appropriate to investigate their role in various biogeocoe-
noses based on ecological factors. As a result of our field research
materials and literature data processing, 38 moss species belonging
to 14 families and 26 genera were identified in the Korchay State Na-
ture Reserve (Fig. 3). The main places in terms of species richness
are occupied by the families Pottiaceae Hampe (7 species), Brachyt-
heciaceae (6 species), Amblystegiaceae Kindb. (4 species), Dicrana-
ceae Schimp. (4 species) and Grimmiaceae Ach. (3 species). Other
families are represented by 1 or 2 species.

8
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Figure 3. Taxonomic composition of mosses
of Korchay State Nature Reserve

Analysis of the moss flora present in the area at the genus level
shows that the 15 genera in the flora do not have a wide species di-
versity, but consist of only one species.
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4.2. Geographical analysis

4.2.1. Geographical analysis of the lichens. In addition to the
taxonomic composition, one of the main conditions for studying the
flora of any area is to determine the origin of species. This problem
can be solved through geographical analysis and research of the mo-
dern range. In the Korchay State Nature Reserve, 47 species of lic-
hens belonging to 17 families and 33 genera are distributed. The spe-
cies were analyzed according to geographical elements and 7 geoele-
ments were identified. In general, the systematic structure of the
mosses and lichens of the Korchay reserve mainly reflects the zonal
characteristics of the flora. Furthermore, regional characteristics are
also pronounced, which is attributed to the heterogeneous nature of
the area®®. The lichen flora as a whole is of nemoral-xerocontinental
(arid) character. Boreal (15.0%), Euryholarctic (10.7%), and hypo-
arctic-montane (10.7%) species also play a certain role in the flora®!

(Fig. 4.).

m Nemoral

u Montane

= Eurvholarctic
Hipoarktmontan

= Boreal

m Kseroarktinental

Multiregi onal

Figure 4. Geographical analysis of the lichens

39 Novruzov, V.S., ©lokborov, F.F., Fatoliyeva N.Q. Korgay Dévlot Tobiot Qoru-
gunda sibyalorin yayilmasi va cografi tohlili / Umummilli lider Heydor liyevin
anadan olmasmin 100 illiyine hasr olunmus “Miiasir Tobiot vo Iqtisad elmlorinin
aktual problemlori”, — Ganca: 05-06 may, — 2023, 3-cii hisso, —s. 9-12.

31 Alekberov, F.F. Botanical-geographical characteristics of lichens and mosses of
Korchay State Nature reserve // Bulletin of Science and Practice. — 2023. v. 9, n. 1,
- p.76-80.
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4.2.2. Geographical analysis of the mosses. In the Korchay
State Nature Reserve, 38 moss species belonging to 14 families and
26 genera are distributed. As a result of geographical analysis of
moss flora, 5 geoelements were discovered. The moss flora is domi-
nated by boreal (15 species) and arid species (9 species). Other ele-
ments are represented by fewer species (Euryholarctic - 6, Montane
and Multiregional - 4). Based on the above, the moss flora is mainly
characterized by arid-boreal, Mediterranean, and multiregional types.

The moss flora is generally boreal (39.5%) and arid (23.7%) in
character. Euryholarctic (15.8%), montane and multiregional species
(10.5%) also play a certain role in the flora (Fig. 5.).

= Montane

23.70% Euryholarctic

Boreal
39.50% Arid

3 Multiregional

Figure 5. Geographic analysis of moss flora

4.3. Analysis of relicts. Relicts can provide valuable insights
for clarifying the flora from ancient times and determining evolu-
tionary pathways that shaped the modern state of the vegetation cov-
er of any area. The scarcity of paleobotanical data does not allow to
determine the history of emergence and formation of the mosses of
the study area. Therefore, the development history and distribution
patterns of the moss flora of the Korchay basin were studied based
on floristic data.
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According to the nature of its distribution, bioecological and
systematic characteristics, the 3rd period relict lichen species of the
study area are: Aspicilia calcarea (L.) Mudd., Bacidia rosella (Pers.)
De Not., Glypholecia scabra (Pers.) Mull., Gyalolechia flavovi-
rescens (Wulfen) Sechting, Froden., Lecanora conferta (Duby ex
Fr.) Grognot., L. dispersa (Pers.) Sommerf., Lecidea lapicida Ach.,
Rhizocarpon expallescens Th.Fr., R. petraeum (Wulfen) A. Mass.,
Rhizoplaca melanopthalma (DC) Leu. and Toninia candida (Web.)
Th.Fr.

Species of lichens like Acarospora bicolor (Vain.), Ochro-
lechia pallescens (L.) A. Massal., O. arborea (Kreyer) Almb., Per-
tusaria constricta Erichs. and Verrucaria floerkeana Dall. are relicts
of the Pleistocene glaciation.

Due to its biological characteristics and distribution Barbula
alpicola C.Miill. Hal. and Grimmia anodon Bruch. are relict moss
species. Relict complexes of mosses have been preserved in the area,
mainly in carbonate rocks.

In the Bozdag range, climatic conditions vary along vertical
zonation, and relicts are more abundant in refugiums. Usually, the
species Brachythecium mildeanum (Schimp.) Schimp., Dicranum
polysetum Sw., Entodon orthocarpus (Brid.) Lindb., Eurhynchium
speciosum (Brid.) Jur., Pottia lanceolata (Hedw.) Miill. Hal., Pohl-
ia crudoides (Sull) Broth., Tortula subulata Hedw. and Hypnum im-
ponens Hedw. are found as III-period relicts in the refugiums of the
temperate climate zone.

As a result of research, it was discovered that the mosses and
lichens of the Korchay reserve were formed mainly due to the relicts
of the Tertiary and Quaternary periods. Migration and speciation
have further accelerated these processes. In total, 26 relict lichen and
moss species (16 lichen and 10 moss species, respectively) were
identified for the research area, as listed above.

4.4. Alternating life forms of lichens and mosses. As a result
of the research conducted, it has been determined that there is a cer-
tain relationship between life forms and life strategy. The moss spe-
cies Amblystegium serpens (Hedw.) Schimp. and Brachythecium
mildeanum (Schimp.) Schimp., which are included in the boreal ele-
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ment, have a carpet-like shape and tend to expand horizontally,
which increases their tolerance to competition. This type of thallus is
also ecologically plastic and can transition from an epigeic life form
to epilithic and epixylic life forms under stress conditions in a tech-
nogenic regime. In some mosses, Tortula subulata Hedw., Or-
thotrichum tenellum Bruch. ex Brid. and Dicranum acutifolium
(Lindb. & Arnell) C.E.O. Jensen transform into a smooth carpet-like
form to increase resistance to trampling by animals. To retain mois-
ture in cold and dry climates, Entodon orthocarpus (Brid.) Lindb.,
Grimmia anodon Bruch. and G. pulvinata (Hedw.) Sm. develop a
pulviniform shape.

Although the crustose lichens develop much more slowly than
other shaped species, this shape makes them more tolerant to adverse
environmental conditions.

CHAPTER V. BIOECOLOGICAL, ECOLOGICAL-
COENOTIC AND INDICATION CHARACTERISTICS
OF LICHENS AND MOSSES

The lichen and moss flora of the Korchay State Nature Reserve
exhibits a regular distribution pattern depending on the altitudinal
gradient. Like other plant communities, the distribution of mosses
and lichens has its own specific characteristics. When considering
the formation of mosses and lichens, as well as the history of the de-
velopment of flowering plants and the geomorphological develop-
ment of the relief, it becomes clear that their geographical distribu-
tion and development are closely related to the environment. In gen-
eral, the emergence and formation of the lichen flora on Earth dates
back to the first half of the Cretaceous period, while the remains of
ancient plants in the Lesser Caucasus region date back to the end of
the Cretaceous period.

5.1. Bioecological groups of lichens and mosses. The spec-
trum of life forms depends on the growing areas of the species. The
ecosystems studied are divided into several ecological-substrate
groups based on their adaptation to different substrates. Epiphytic
lichens and mosses are found on all substrates throughout the entire
territory of the Korchay State Nature Reserve. Lichens and mosses
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grow on a wide variety of substrates in the research area - tree bark,
stones, soil, wood, and stumps. In this regard, lichens and mosses are
divided into the following ecological groups: epixylic — 2; epiphytic—
21; epilithic— 13; epigeic— 9 species.

Each ecological group is characterized by a certain ecological
regime. In most cases, lichens and mosses adapt to a specific sub-
strate, but when environmental conditions are unfavorable, species
can migrate to other substrates. Epiphytic species are also found on
various substrates, depending on conditions®? (Fig. 6).

Number of species
N

L

epixylic epiphyvtic  epilithic epigeic

Figure 6. Ecological groups of lichens and mosses

5.2. Ecological-coenotic characteristics of lichens and moss-
es. Drawing upon the conceptions of H.Trass, we view the concept
of synusia as "a single-layered specific community that occurs within
the phytocenosis, reflects the characteristic features of micro-
community, and has a unique specific structure".

32 Olokbarov, F.F., Tagiyeva, N., Fotoliyeva, N. Korcay vadisi mamirlarmin ekolo-
ji-senotik xiisusiyyotlori // Doktorant vo magistrantlarin IV Respublika elmi
konfransinin materiallar1 “Tohsil, Todgiqat v innovasiyalarin vohdati”, ~Nax¢i1-
van: 29 aprel, —2022, —s. 419-421.
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The synusia typical for the research area are given in Table 1.
Taking lichens and mosses as the syntaxonomic basis for the synusia, 3
unions (plant associations) and 13 societes (plant communities) were
identified within the Korchay Reserve. A number of rare relict species
were observed within the identified synusia. Therefore, for the conser-
vation of rare species, it is recommended transitioning from autecologi-
cal analysis to the synecological analysis of synusia. In unique ecotopes
where they occur, the reserve regime should be strengthened and per-
manent control over populations should be ensured.

Table 1
Synusia typical of the research area
Taxa Sinuses
Union Amblystegium serpens — Pottia lanceolata

Dicranum scoparium — Neckera complanata

Hylocomium splendens — Grimmia anodon

Sosiet Amblystegium serpens — Grimmia pulvinata

Orthodicranum anomalum — Brachythecium mildeanum

Dicranum scoparium — Hylocomium splendens

Union Brachythecium mildeanum — Xanthoria parietina

Brachythecium mildeanum — Cladonia fimbriata
Amblystegium serpens — Cladina rangiferina

Sosiet Dicranum scoparium — Flavoparmelia soredians
Pottia bryoides — Lecanora dispersa
Union Cladonia cornuta — Lecanora dispersa
Cladonia fimbriata — Xanthoria parietina
. Physcia stellaris — Toninia candida
Sosiet

Cladina rangiferina — Aspicilia calcarea

Physcia stellaris — Evernia prunastri

Epiphytic life forms in the synusia characterize the climatic
conditions of the region as a whole. While in the Korchay reserve,
55% of the life forms of the lichens are crustose, 28% are leafy, and
17% are fruticose, in the Tugai forest the majority of life forms are
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crustose (54%), with only 34% having leafy life forms. The impact
of anthropogenic factors on epiphytic synusia in the reserve mani-
fests itself through species that are sensitive to atmospheric pollu-
tants™,

The analysis of the reserve's bryoflora according to ecological
conditions is presented in Table 2.

Table 2

Analysis of the reserve's bryoflora by ecological groups

Ne Ecological Distribution conditions | Number of General
groups species by number %
1. | Hydrophytes In water basins and 2 53
swamps
2. | Mesophytes In damp and shady plac- 8 21
es
3. | Mesoxerophytes | In places with low hu- 11 29
midity and high drought
4. | Xerophytes In drought, on southern 12 31.6
slopes

5 | Hygrophytes In coastal areas 5 13.1

The moss species common in the reserve include 8 mesophytic
species, 11 mesoxerophytic species, 12 xerophytic species, and 7
hydrophytic and hygrophytic species.

5.3. Indication properties of lichens and mosses. Following
long-term monitoring in nature reserves, it is essential to re-evaluate
species diversity of mosses. The moss species Trichostomum crispu-
lum Bruch. is considered an indicator of changing humidity. The
thallus of the species Flavoplaca citrina (Hoffm.) Arup has branched
cracks. Changes occur in cracks depending on climatic conditions.
Thus, certain changes occur in those cracks depending on humidity
and temperature**.

33 Bayramova, A.A., Olokborov, F.F. Kor¢ay vadisi mamirlarinin bioekoloji vo
sinuzial xiisusiyyatlori // Odlar yurdu Universitetinin Xoborlori, — Baki: — 2022,
—s.109-114.

34 Dlokbarov, F.F., Nobiyev, R.Q. Sibyalorin bioindikasiya xiisusiyyatlori // Bey-
nolxalq elmi konfransin materiallari “Miiasir Tobiot vo Iqtisad Elmlorinin Aktual
Problemloari”, — Ganca: 03-04 may, —2019, —s. 78-80.
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Based on the poleotolerance scale, it is possible to determine
the concentration of various pollutants in the atmospheric air accord-
ing to the composition of lichens. Due to these characteristics, the
lichens are used as an ecological monitoring network (Fig. 7-8).

Figure 8. Lichens as an ecological moﬁitoring network

Among the species of lichens found in the Korchay State Nature
Reserve, Polycauliona polycarpa (Hoffm.) Frodén et al., Physcia ad-
scendens H.Olivier., P. caesia (Hoffm.) Firnr., Xanthoria parietina (L.)
Th. Fr. and moss species Leptodictyum riparium (Hedw.) Warnst. are
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nitrophilous species. These nitrophilous species form relatively large
populations, mainly in areas where birds nest. The ecological activity
and the breadth of the spectrum of occurrence of Caloplaca decipiens,
Cladonia fimbriata, Lecanora glabrata, Pleurosticta acetabulum spe-
cies are close to those of the cities Mingachevir and Yevlakh. Species
such as Xanthoria parietina, Parmelia laevigata, Physcia adscendens,
P. caesia, P. stellaris and Candelariella aurella are recommended for
bioindication, and Caloplaca decipiens, Cladonia fimbriata, Lecanora
glabrata and Pleurosticta acetabulumfor anthropogenic changes in eco-
logical conditions in phytocenoses.

To use plants as indicators, it is first necessary to clarify the
signs of indication. For this, the signs must be precise and clear. If
these aspects are not taken into account, the indication may give in-
correct results. Tolerance (sustainability) markers should be identi-
fied for individual vegetation types within each zone. For example,
the vegetation cover of the western region of Azerbaijan, which has
an arid climate, undergoes seasonal changes depending on the sea-
sons of the year.

Lichens can be considered the most perfect indicator for de-
termining soil type. Thus, Toninia candida is the best indicator for
clayey and clay-mixed, weakly alkaline soils. Candelariella aurella
is an indicator of calcareous and carbonate soils. Light chestnut-
colored clay-carbonate soils are a permanent habitat for the species
Parmelia laevigata.

Currently, the term indication is often repeated in various
fields: soil indication (pedo-indication), mountain rocks (meto-
indication), glacial indication (copo-indication), salinization (halo-
indication), human activity (anthro-indication), plant indication (phy-
to-indication). Recently, another indication has emerged - lichen in-
dication. The lichen indication method has many prospects. By grow-
ing in habitats where other plants cannot survive, lichens actively
participate in soil formation, which is crucial for the development of
the regional flora. Regardless of the seasons of the year, the color
variation in their thalli does not manifest itself sharply. In response to
environmental changes, stable taxonomic characters develop within
them. Therefore, lichens can be used as indicators in all seasons of
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the year. Without employing economically costly and labor-intensive
methods, this approach makes it possible to pre-forecast even the ar-
eas suitable for various sectors of agriculture.

In recent decades, due to the rapid development of industry and
the sharp changes in the ecological situation in our Republic, the
possibility of using more reliable and also relatively cost-effective,
efficient environmental monitoring methods for organizing long-term
permanent control and forecasting over natural environmental com-
ponents on a regional scale has begun to be studied.

As indicated, the Korchay reserve was designated as an ecological
testing ground because it meets the requirements of international bio-
logical programs, and the scope of influence of anthropogenic anom-
alies within the agroecosystems of Mingachevir and Yevlakh dis-
tricts was determined based on test species.

CHAPTER VI. COMPARATIVE CHARACTERISTICS OF
THE LICHEN AND MOSS FLORA OF THE KORCHAY
STATE RESERVE WITH THE FLORAS OF
OTHER REGIONS

It is possible to reach certain scientific conclusions by selecting
species that are sensitive to the emergence, formation, and indication
of the flora of a specific area and comparing them with the flora of
neighboring areas. According to many researchers, in order to deter-
mine general botanical geographical relationships, it is essential to
consider not only the number of species, genera, and families, but
also their comparison with the floras of various adjacent territories.
For this purpose, comparing the lichen and moss flora of the reserve
with species found in areas near the reserve is a valuable source of
material for determining the formation of species>’.

For this purpose, the geographical distribution of lichens and
mosses of the Korchay reserve was compared with the lichen and
mosses flora of the Mingachevir, Ganja, Yevlakh and Goygol areas.
These areas were chosen because they border the Korchay reserve.

3 Alekberov, F.F., Isayeva, F.M. Lichenobiota of urboecosystems and clustering
problems // Sylwan journal, — 2019, v. 163, is. 4., — s. 34-37.
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Undoubtedly, although these areas differ from one another in terms
of scale and level of study, they are highly favorable for determining
the pathways of flora migration. Analyses of individual families and
genera indicate that the relationships between the compared areas are
not the same. Thus, the lichen flora of Mingachevir is characterized
by 12 species, and the moss flora by 9 species. The lichen flora of
Ganja is characterized by 5 species, and the moss flora by 5 species.
The lichen flora of Yevlakh is characterized by 11 species, and the
moss flora by 8 species. The comparison of the lichens and mosses of
Goygol National Park is more characteristic. Thus, Goygol National
Park is represented by 7 species of lichens and 6 species of mosses.

A comparative analysis of the lichen and moss flora of the re-
serve with the lichen and moss flora of other areas shows that, at the
species level, they are relatively closer to the lichen and moss flora of
Mingachevir and Yevlakh territories. The diversity in flora is due to
the different climatic conditions in the area and also to the geographical
adaptation of species.

The species adapted to the border zones of the reserve with
Mingachevir—which are exposed to anthropogenic anomalies—include
Candelariella aurella, Cladonia coniocraea, C.fimbriata, Peltigera
canina, Physcia adscendens, P.caesia, P.stellaris, Pleurosticta
acetabulum, Xanthoria parietina and etc.

CHAPTER VII. MONITORING THE COENOPOPULATIONS
OF RARE LICHENS AND MOSSES AND
THE CONSERVATION OF THE GENE POOL
Studying the species diversity of lichens and mosses in the
Korchay State Nature Reserve and analyzing their distribution patterns
enables for the identification of rare species. Rare species include spe-
cies with only 3-5 occurrence locations. Species in need of protection
were selected and a list was compiled by us. These lichen species in-
clude Bacidia rosella (Pers.) De Not., Flavoparmelia caperata (L.)

36 Dlokbarov, F.F., Novruzov, V.S. Kor¢ay Dovlot Tabiot Qorugunun sibys floras
/I — Gonca: Azorbaycan Respublikasi Elm vo Tohsil Nazirliyi Azorbaycan Tex-
nologiya Universitetinin Elmi Xoborlori, — 2022, —s. 52-56.
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Hale., Lecanora allophana Ach.Nyl., Melanelixia glabra (Schaer.) O.
Blanco et al., Ochrolechia pallescens (L.) A. Massal., Parmelia laevi-
gata Sm. Ach., Pertusaria constricta Erichs., Glypholecia scabra
(Pers.) Mull., moss species - Timmia bavarica Hessl., Camptothecium
lutescens (Philibert) Bertsch., Dicranum acutifolium (Lindb. of Arn)
C.E.O.Jensen, D. polysetum Sw., Eurhynchium speciosum (Brid.) Jur.
and Orthotrichum tenellum Bruch. ex Brid.?’.

The populations of the Rhynchostegium murale (Hedw.)
Schimp. species, which are found in the calcareous rocks of the Boz-
dag area, in humid and shady places, are not stable in all their occur-
rences and disappear as soon as the humidity regime changes. Moni-
toring their populations, discovering new occurrence sites, and estab-
lishing a conservation regime in their habitats are considered appro-
priate.

The habitats of the relicts distributed across the Bozdag ridge
belong to interglacial and post-glacial relicts. Post-glacial relicts are
widespread in ravines, steep slopes, alkaline soils, and steppe phyto-
cenoses with disturbed grass cover. Relict moss complexes are main-
ly preserved in carbonate rocks.

Based on the frequency of species occurrence, the lichen and
moss flora of the research area are classified into 3 categories according
to their degree of rarity:

Category I (CR B2ab) — those Critically Endangered. From
lichens Parmelia laevigata Sm. Ach., Pertusaria constricta Erichsen,
Melanelixia glabra (Schaer.) O. Blanco et al., mosses Timmia bava-
rica Hessl., Dicranum acutifolium (Lindb. & Arnell) C.E.O.Jensen
and Eurhynchium speciosum (Brid.) Jur. belong to this category.

Category II (EN) — the endangered limit. These include the
lichen species Gyalolechia flavovirescens (Wulfen) Sechting et al.,
Peltigera aphthosa (L.) Willd., P. canina (L.) Ach., Lecania tri-
septata Boom & Moniri., and moss species Entodon orthocarpus
(Brid.) Lindb., Pohlia crudoides (Sull) Broth., Hygroamblystegium

3TaceiMoBa, A.T'., Anekneposa, ®.®. MOHUTOPHHT U OXpaHa TeHOPOHIA B CEHO-
HOINYJIANMAX PEAKUX JHMIIAHHUKOB, MXOB // ECTECTBEHHBIE M TEXHUYECKHE
maykm, — 2024, Ne12(199), — 5.148-151.
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humile (P.Beauv.) Vanderp., Hedends & Goffinet, Hypnum imponens
Hedw. and Trichostomum crispulum Bruch. The destruction of the
habitats of such species may lead to the extinction of the species it-
self. It is important to organize constant control over their popula-
tions.

Category III (VU D2) — Vulnerable From lichens, Bacidia
rosella (Pers.) De Not., Glypholecia scabra (Pers.) Miill. Arg., Fla-
voparmelia caperata (L.) Hale., Lecanora allophana Ach. Nyl.,
Ochrolechia pallescens (L.) A. Massal., mosses Camptothecium
lutescens (Philibert) Bertsch, Dicranum polysetum Sw. and Or-
thotrichum tenellum Bruch. ex Brid. belong to this category.

CONCLUSIONS

1. For the first time, 47 lichen species belonging to 17 families and
33 genera and 38 moss species belonging to 14 families and 26
genera were discovered in the Korchay State Nature Reserve. In
terms of species richness, the leading positions within the lichen
flora are occupied by the families Parmeliaceae Zenker. (6 spe-
cies), Cladoniaceae Zenker. (6 species), Lecanoraceae Korb. (6
species), Teloschistaceae Zahlbr. (5 species), Physciaceae Zahlbr.
(4 species), Ramalinaceae C.Agardh (4 species) and within the
moss flora - Pottiaceae Hampe. (7 species), Brachytheciaceae
Schimp. (6 species), Dicranaceae Schimp. (4 species), Amblys-
tegiaceae Kindb. (4 species), Grimmiaceae Ach. (3 species). Oth-
er families are represented by 1-2 species.

2. Among the 17 lichen families that make up the systematic struc-
ture, Arthoniaceae Rchb., Verrucariaceae Zenker, Lecideaceae
Chevall., Megasporaceae Lumbsch, Stereocaulaceae Chevall.,
Pertusariaceae Korb. and among 14 moss families Timmiaceae
Schimp, Hypnaceae Schimp., Entodontaceae Schimp., Hylocomi-
aceae Schimp. are represented by only one genus and one species.
Overall, the average number of species in families in the research
area is 8.6, the average number of genera in families is 2.2, and
the average number of species in genera is 3.9.
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. It was determined that the lichens and mosses of the reserve area
are divided into 4 life forms (epixylic, epigeic, epiphytic, and epi-
lithic) based on their growing substrate, and into 5 ecological
groups (xerophytes, mesophytes, mesoxerophytes, hygrophytes,
and hydrophytes) according to their moisture supply.

. The lichen and moss flora of the research area was divided into 3
categories based on their degree of rarity, and it was determined
that 6 species belong to Category I (Critically Endangered — CR
B2ab), 9 species to Category II (Endangered — EN), and 8 species
to Category III (Vulnerable — VU D2)."

. The lichen and moss flora are not genetically heterogeneous, but
consists of geographical elements belonging to different floristic
provinces. The moss flora as a whole is of boreal (39.5%) - arid
(23.7%) character. Euryholarctic (15.8%), montane and multire-
gional species (10.5% each) also play a role in the flora. The li-
chen flora as a whole is of nemoral-xerocontinental (arid) charac-
ter. Boreal (15.0%), euryholarctic (10.7%), and hypo-arctic-
montane (10.7%) species also play a role in the flora.

. Based on the biological diversity of species in the test objects in
the bio-testing grounds and the existing ecosystem, it was deter-
mined that, based on their occurrence level, Acarospora bicolor
(Vain.) Zahlbr, Lecanora dispersa (Pers.) Sommerf, Lepraria
incana (L.) Ach., Bacidia rosella (Pers.) De Not., Physcia ad-
scendens H. Olivier., P. stellaris (L.) Nyl., Rhizoplaca melanop-
thalma (DC) Leu. toksitolerant, Anaptychia ciliaris (L.) Korb., Fla-
voparmelia caperata (L.) Hale, Ramalina farinacea (L.) Ach. and
etc. are lichens sensitive to atmospheric pollutants; Amblystegium
subtilis (Hedw) Schimp., 4. serpens (Hedw) Schimp., Timmia
bavarica Hessl. toksitolerant, Brachythecium mildeanum
(Schimp.) Schimp., Dicranum acutifolium (Lindb & Arnell)
C.E.O.Jensen., Eurhynchium zetterstedtii Hedw., Pohlia annotina
(Hedw.) Lindb., Tortula subulata Hedw. are mosses sensitive to
atmospheric pollutants.

PROPOSALS AND RECOMMENDATIONS
. It is proposed to use toxitolerant lichens and moss species as bio-
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logical test objects for continuous monitoring of atmospheric pol-
lution on the border of the Mingachevir reservoir.

2. It is recommended to effectively protect rare and endangered spe-
cies of lichen and moss species in the reserve regyme, organize
continuous monitoring of their populations, and include them in
the "Red Books".

3. The reserve regime should be strengthened in the unique ecotopes
where relicts are found in the Korchay State Nature Reserve.
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