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Extended Abstract

Background: The plant biodiversity of any ecosystem is directly affected by its vegetative
characteristics and diversity of plant species, which always guarantees the ecosystem’s stability
against variable environmental and biological factors. Biodiversity indices are measured to
compare the biodiversity of different masses and estimate the changes in biodiversity over time
at the mass level. The Hyrcanian forests of northern Iran are a legacy left from the third
geological period, and today a large part of them has been destroyed in the plains due to
destructive human activities. These forests have a special importance for the protection and
management in the south of the Caspian Sea. Hyrcanian boxwood (Buxus hyrcana Pojark.),
which belongs to the Buxaceae family, is the only species of boxwood in the Hyrcanian forests
of Iran. It has unique values from various aspects, including economics, tourism, preservation of
biodiversity, etc. This valuable species has been threatened by human and natural factors for a
long time and its area has decreased in the country. The present research investigates the
floristic-physiognomic status of boxwood habitats in Cheshme Bulbul, Sangdeh, Si-Sangan, and
Shafarood regions.

Methods: In this research, the important habitats of Hyrkanian boxwood were sampled from the
protected area of Cheshme Bulbul, Bandar Gaz, Golestan province, as the easternmost
distribution area of this species in Hyrkanian forests to Shafarood forests in Gilan province. In
total, 125 sample plots of 400 m? (20 x 20 m) were planted in the four identified areas (35, 30,
40, and 20 sample plots in Bandar Gaz (Cheshme Bulbul), Frame (Sangdeh), Si Sangan, and
Shafarood, respectively). To measure the herbaceous cover of the forest floor in each sample
plot, five small plots of four m? (2 x 2 m) were walked in the center and four corners of each
sample plot to harvest their herbaceous cover. Biodiversity indices, including Shannon,
Simpson, and Fisher diversity, Margalf and Menhinik richness, and Pilou, Simpson, and
Shannon uniformity, were measured for each of the sample plots. The plants were identified
very carefully using the Persian Flora of Iran, the Flora of Iranica, the Flora of Tiirkiye, and the
Flora of Europe. The biological form of any plant was determined and recorded based on the
Rankier method. The range of geographical distribution was determined according to the
mentioned flora. Then, the belonging of each species to the existing phytochorions was
determined and the geographical distribution diagram of the regional plants was drawn using
floristic data in the division of the vegetative regions of the earth's surface. Species diversity
between habitats was compared with the one-way analysis of variance. Means were compared
using the Tukey-HSD test in SPSS software. Graphs were drawn using Excel software (2013).
Results: In total, 186 plant species belonging to 68 plant genera were identified in the studied
regions. The hemi-cryptophytes (65 species, 34.94%), phanerophytes (40 species, 21.5%),
geophytes (37 species, 19.90%), trophytes (36 species, 19.35%), and cryptophytes (5 species,
69.2%) dominated the vegetation composition of Hyrkanian boxwood habitats. Kamephytes
were the rarest biological form in the region with a percentage (3 species). The results of the
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geographical distribution of plant species in the region showed that the entire flora was mainly
of European Siberian (55 species) and multi-regional (38 species) elements, which accounted
for more than 50% of the species (93 species). This was followed by Europe-Siberian/Turanian
Iran/Mediterranean vegetation areas (25 species, 13.44%), Europe-Siberian/Turanian Iran (25
species, 13.44%), Turanian Iran (16 species, 60.8%), Europe-Siberian/Mediterranean (13
species, 6.70%), and cosmopolitan (8 species, 4.3%) species. The lowest presence in the region
was observed for the vegetation areas of Mediterranean/Turanian Iran (5 species, 2.70%),
considering that the northern forests are geographically located in the Auxin-Hyrcania state of
the Pontic sub-region, which is a large vegetation area belonging to Europe-Siberia. The
presence of species belonging to this geographical spectrum in the flora of these regions is not
far from expected. Moreover, the presence of species in other geographical areas is a result of
the natural patterns of the accidental presence of plant elements from other vegetation areas of
the world.

Conclusion: The results of this research show higher indices of diversity, uniformity, and
species richness in Shamshad Frame and Shafarood habitats, which have a higher average
height above sea level than Cheshme Bulbul and Sisangan habitats. The review of the sources
shows that physiographic factors play an important role in the indicators of species richness and
diversity. Changes in altitude above sea level often lead to changes in environmental conditions,
such as temperature, precipitation, and soil characteristics. This diversity in habitat conditions
increases its heterogeneity and allows a wider range of species to coexist. As a result, more
habitat heterogeneity leads to higher species diversity, which is also reflected in the biodiversity
index.
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Table 4. List of plant species identified in Hyrkani boxwood habitats
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Aceracea
ES Ph % % = = Acer velutinum
ES Ph = = = Acer cappadocicum Gled
ES Ph = Acer campestre
Amaryllidaceae
1T GR = Allium paradoxum (M.Bieb.) G.Don
Amaranthaceae
ES,M Th % Amaranthus retroflexus
Apiaceae
ES-IT Hem = Cervaria cervariifolia C.A.Mey.) Pimenov
ES-M Th % Froriepia subpinnata (Ledeb.) Baill
PL Hem * ® Sanicula europaea L
PL Th % Torilis arvensis (Huds.) Link
ES-M-IT Hem s Eryngyum caucasicum Trautv.
Araceae
1T GR = Arum macolatum L
Araliaceae
ES Ph P Hedera helix
Asparagaceae
ES Ph * Danae racemosa (L.) Moench
ES Cry % = Fessia greilhuberi (Speta) Speta
ES-M-IT GR # Polygonatum oriental
ES Ph * * Ruscus hyrcanus
Aspleniaceae
PL GR = Asplenium adiantum-nigrum
PL GR P F . Asplenium scolopendrium L
COS GR % Asplenium trichomanes L
Asclepiadaceae
1T Hem * Vincetoxicum scandens Sommier & Levier
Asteraceae
COos Hem % Tanacetum parthenium
ES-M Hem * Silybum marianum
1T Hem % = Gundelia tournefortii
M-1IT Th . Xanthinum strumarium
ES-M-IT Th ® Artemisia annua
ES-IT Hem = Achillea mllefulium
PL Th ® Carpesium cernuum L
1T Hem F Leontodon asperrimus (Willd.) End
ES-IT Hem = Erigeron canadensis L
ES Hem % Centaurea hyrcanica Bornm
Betulaceae
ES Ph = ® Alnus subcordata
Brassicaceae
1T Hem % Nasturtium microphyllum
ES Hem ® Hesperis hyrcana Bornm. & Gauba
ES-1T Hem . Turritis glabra L
ES Th ® Thlaspi arvense
1T Hem ® Sisymbrium officinalis
Boraginaceae
ES Th P Myosotis anomala Ried|
ES Hem s Nonea lutea (Desr.) DC
PL Th * Asperugo procumbens
PL Hem % Cynoglossum creticum Mill.
Buxuaceae
ES Ph % % ® * Buxus hyrcana (Pojark.) Takht
Caprifoliaceae
1T Ph = Lonicera Floribunda
ES-M-IT Hem F F ® ® Sambucus ebulus L
Campanulaceae

ES Hem % Campanula rapunculoides L
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IT Hem s
IT Hem
PL Hem
IT- ES Hem
CcoS Th *
CoSs Th =
IT- ES Th
ES Ph
ES ph
ES Hem ®
ES Hem
ES Ph =
M-IT Ph *
ES-IT ph =
ES Hem ®
ES-IT-M Hem
ES Hem
ES-IT Hem
ES Th %
=
ES-M-IT GS %
ES-M-IT GS *
ES Hem =
ES GS #*
ES-M GR #*
ES-M GR
CcosS GR %
ES-M GR %
ES GR =
PL GR *
PL Ph
ES-M GR
PL Th
PL Hem
IT Th
IT-ES Hem
ES ph *
ES-M ph =
ES ph ®
ES Ph
ES-M-IT Th =
ES-M-IT Th #
ES-IT Th =
ES-M-IT Th .
ES-M-IT Th *
ES-M-IT Th
PL GR
PL GR
ES Ph
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Campanula rapunculus L

Campanula odontosepala Boiss

Campanula glomerata L

Campanula isophylla

Caryophyllaceae

Cerastium dichotomum L

Stellaria media (L.) Vill

Silene latifolia Poir

Celasteraceae

Euonymus Velutinus

Euonymus latifolius

Convolvulaceae

Calystegia sylvatica (Kit.) Griseb

Calystegia sepium

Corylaceae

* Carpinus betulus
Carpinus orientalis

Cornaceae

% Cornus sanguinea
Crassulaceae

Sedum stoloniferum S.G.Gmel

Sedum hispanicum L

Sedum album

Cruciferae

Cardamine brasicaceae

Microthlaspi umbellatum F.K. Mey

Cyperaceae

Carex digitata L

Carex divulsa Stokes

Carex phyllostachys C.A.Mey

Carex strigosa Huds

y Carex sylvatica Huds
® Carex pendula
Dennstaedtiaceae

Pteridium aquilinum (L.) Kuhn
Dioscoreaceae

Dioscorea communis (L.) Caddick & Wilkin
Dryopteridaceae

Dryopteris dilatata (Hoffm.) A. Gray
Polystichum aculeatum (L.) Roth ex Mert
Ebenaceae

Diospyros Lotus

Euphorbiaceae

Euphorbia amygdaloides L
Fabaceae

Medicago sativa

Lathyrus sativus

Onobrychis sativa

Faboideae

Vicia sylvatica

Fagaceae

Quercus castaneifolia

Fagus orientalis

Quercus Petraea

Gleditsia caspica

Geraniaceae

Geranium columbinum

Geranium locidum L

Geranium molle L

Geranium robertianum L

Geranium rotundifolium L

Erodium cicutarium (L.) L'Hér

#*

#*

% Poa pratensis
= Cyndon dactylon

Hammameidaceae
% Parrotia persica
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ES Cha s
ES GC #*
PL Hem #
PL Hem =
ES-IT GR * # #
PL GR
ES GR
ES GR = »
ES Hem w @
ES GR
ES-IT-M GR %
PL Hem * #*
ES-IT-M Th =
ES-IT-M Th s
ES-IT-M GR *
ES-IT-M Th
IT Hem *
IT-M Ph
IT Ph *
IT,ES Th =
ES-M-IT Cha =
1T Ph #
ES-M Cry =
PL Cry
ES-M GR ®
PL Th *
PL Th #*
ES Ph #
PL Hem = ®
CoS Hem
Ccos Th %
CcoS Th =
PL Hem # ®
PL Hem =
ES-IT-M Th =
ES-M Hem * ®
PL Th *
PL GB ® ®
ES Hem =
ES-IT GS = = »
PL GR .
ES-M Hem ® #
PL Hem P
PL Hem %
ES- M- IT Hem
PL Hem E
ES-IT-M Th =
ES Cry #
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Hypericaceae

Hypericum andrusaemum
Iridaceae

Crocus caspius Fisch. & C.A.Mey. ex Hohen
Juncaceae

Luzula forsteri (Sm.) DC
Lamiaceae

Clinopodium umbrosum (M.Bieb.) Kuntze
Lamium album L

Prunella vulgaris L
Scutellaria tournefortii Benth
Mentha aquatica

Calaminta ofisilanis
Teucrium hyrcanicum
Leguminosae

Lathyrus laxiflorus (Desf.) Kuntze
Trifolium repens L

Vicia abbreviata Spreng
Vicia tetrasperma (L.) Schreb
Lathyrus pratensis L
Trifulium pratense
Malvaceae

Malva sylvestris

Moraceae

Ficus carica

Morus alba

Nyctaginaceae

Mirabilis jalapa

Oleaceae

Jasminum grandiflorum
Fraxinus syriaca
Orchidaceae

Ophrys scolopax Cav
Platanthera bifolia (L.) Rich
Ophrys apifera

Oxalidaceae

Oxalis acetosella L

Oxalis corniculata

Tiliaceae

Tilia platyphyllos Scop.
Papaveraceae

Chelidonium majus L
Phytolaccaceae

Phytolacca decandra
Plantaginaceae

Veronica crista-galli Stev
Veronica persica Poir
Plantago major

Plantago lanceolata

Poaceae

Milium vernale M.Bieb
Oplismenus undulatifolius (Ard.) Roem. & Schult
Poa annua L

Poa bulbosa L

poa longifolia

Poa nemoralis L

Poa trivialis L

Brachypodium sylvaticum
Lolium temulentum

Dactylis glomerata L
Hordeum murinum
Microstegium vimineum
Trachynia distachya (L.) Link
Podophyllaceae

Epimedium pinnatum Fisch. ex DC
Polygonaceae
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PL Hem = Rumex conglomeratus Murray
PL Hem % Rumex crispus
PL GR * Polygonum

Polypodiaceae

PL GR % Polypodium interjectum Shivas
PL GR F Polypodium vulgare L
Primulaceae

Endemic Hem * Primula heterochroma Stapf
ES-IT Hem % % ® Primula vulgaris L
ES GC = Cyclamen coum Mill
Pteridaceae

PL Cry % Pteris umbrosa
Punicaceae

ES-IT Ph * Punica granatum
Ranunculaceae

ES-IT Hem s Ranunculus cicutarius Schitdl
PL Th * Ranunculus constantinopolitanus (DC.) d'Urv
Rosaceae

ES Hem % Geum urbanum L
ES Hem * Potentilla micrantha Ram. ex DC
ES-IT Hem % Potentilla reptans Georgi
ES Ph % % % Rebus hyrcanus
ES-IT GR ® Fragaria vesca
ES Hem % Geum urbanum
ES Ph % % % Mespilus germanica
ES Ph % ® ® Crataegus Oxycantha
1T Ph % Pyrus glabra
ES -M-IT Ph % Crataegus elbursensis
ES -M-IT Ph P F ® Prunus cerasifera
ES-IT Ph = Malus sieversii
Rubiaceae

1T Th P Galium ghilanicum Stapf
ES Hem = # Galium spurium
ES Hem % Asperula odorata
salicaceae

M-IT Ph % Salix excelsa J.F.Gmel.
Scrophulariaceae

M-IT GR ) Verbascum orientale (L.) All
Solanaceae

PL Ph % Solanum sisymbriifolium
ES Cha F solanum kieseritzkii C.A.Mey
Smilacaceae

ES Ph * Smilax excelsa
Violaceae

ES-IT Hem = Viola alba Besser
ES-IT Hem = Viola ignobilis Rupr
ES-M Hem % % = = Viola odorata L
ES-1T Hem = Viola reichenbachiana Jord. ex Boreau
ES-IT Hem % Viola caspia (Rupr.) Freyn
Ulmaceae

ES Ph = s ® Zelkova carpinifolia
ES Ph * Celtis australis
ES Ph % % Ulmus minor Miller
ES Ph % s Ulmus glabra
Urticaceae

PL Hem ® Urtica dioica

Cudgsi iGe (R) bjly cudgss :Ge (B) cudgss =Ge wudgin S =Cry «Cudgin S ob =Hem «udaslS =Cha «udqls =Ph :(Life form) _iw;j sl S
(gl de =M (ylyg5 = o))l =IT ¢ gy —lg,l =ES :(Chorology) oldlyie (iSly .cadeys =Th 4 (4layglstnl cudgis : Ge (S) g shas cudess: Ge (C) lpos,

(b3 ol =COS 5 slapst iz =PL
Life forms: Ph = Phanerophyte, Cha = Chamaephyte, Hem = Hemicryptophyte, Cry = cryptophyte, Ge = Geophyte Ge (B): bulbous geophyte, Ge (R):
rhizome geophyte, Ge (C): geophyte with corms and Ge (S): geophyte with stolons) and Th = trophyte. Geographic distribution (Chorology): ES =
Europe-Siberia, IT = Iran-Turan, M = Mediterranean, PL = multi-regional and COS = cosmopolitan).
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Figure 4. The richest plant genera based on the number of species in Cheshme Bulbul habitat
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Table 5. Analysis of variance and mean comparisons of environmental variables and plant biodiversity indicators in
Buxus habitats
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