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Abstract

Background and objectives: Vegetation classification is an effective tool for understanding
ecological relationships among species, aiding in the planning, monitoring, and management of
forest ecosystems. Until now, such studies in Northern Iran have been limited to the deciduous
temperate forests of the northern slopes of the Alborz range and the juniper forests in the
Firouzkouh Valley on the southern slopes. However, juniper is expanding in some east-west
valleys of the Haraz River (specifically, the Siah Beisheh and Punjab Amol regions), adjacent to
the deciduous broadleaf Hyrcanian forests, where it forms distinct plant communities. This study
presents, for the first time, an ecological classification of Crimean juniper (also known as Greek
juniper, Juniperus excelsa M. Bieb.) forests in Haraz Valley (Amol County, northern Iran),
located on the northern slope of the Alborz Mountains.

Methodology: A total of 54 sample plots, each 400 m2, were established based on the principle
of representative stands. Within each plot, all vascular plant species were visually identified and
their percent cover estimated using the ordinal van der Maarel cover-abundance scale. Floristic
classification was conducted using TWINSPAN based on vegetation cover, and indicator species
analysis was performed using the incidence-based phi fidelity method in JUICE software.
Differences in ecological units or plant communities based on topographic characteristics were
analyzed using one-way ANOVA followed by Duncan post-hoc tests.

Results: Five ecological units or plant communities were identified based on distinct floristic
composition and topographic properties: (1) Crimean juniper-Caucasian oak (J. excelsa-Quercus
macranthera Fisch. & C.A.Mey.); (2) Crimean juniper-Horned sainfoin (J. excelsa-Onobrychis
cornuta (L.) Desv.); (3) Crimean juniper-Judas tree (J. excelsa-Cercis siliquastrum L.); (4)
Crimean juniper-common yellow jasmine (J. excelsa- Chrysojasminum fruticans (L.) Banfi); and
(5) Crimean juniper-Alder buckthorn (J. excelsa-Rhamnus pallasii Fisch. & C.A.Mey.). The J.
excelsa-Q. macranthera group (group 1), due to its association with European-Siberian indicator
species, represents a bioclimatic vegetation type on the northern slopes of the Lehar region
(Punjab). The J. excelsa-J. fruticans (Group 4) and J. excelsa-C. siliquastrum (Group 3)
communities are indicative of Mediterranean climatic conditions in the Siah-Bisheh and Tara
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regions. Meanwhile, the J. excelsa-O. cornuta (Group 2) and J. excelsa-R. pallasii (Group 5)
groups, which also occur on the southern slopes of the Alborz, represent elements of the Iran-
Turanian climate in the northern profile.

Conclusion: The findings highlight that Crimean juniper in Haraz Valley is associated with
Mediterranean indicator species such as C. siliquastrum, Spiraea crenata L., C. fruticans,
Cotoneaster integerrimus Medik., Paliurus spina-christi Mill., Asparagus officinalis L., and
Clematis orientalis L., forming several distinct plant communities. The presence of
Mediterranean elements, along with some European-Siberian bioclimatic indicators, such as Acer
monspessulanum L., A. campestre L., Zelkova carpinifolia (Pall.) K. Koch, Celtis caucasica
Willd., and Q. macranthera, emphasizes the marked contrast between J. excelsa communities on
the northern and southern slopes of the Alborz. These differences underline the need for greater
conservation efforts focused on these newly identified plant communities.
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Table 1- Phi fidelity indices for determining indicator species of Juniper ecological groups in the Haraz valley, Amol
Phi fidelity measures of all species along with their relative frequency or constancy are shown in power format (constancy is in the base and fidelity is in the power) in the
synoptic table. Species with numerical values of association exceed the threshold (¢$=25) and are significant according to Fisher's test (p<0.05) are marked as indicator
species with a gray color. Grey shade values indicate significant fidelity at p<0.05 (light gray); p<0.01 (medium gray) and p<0.001 (dark gray). Dots in the table indicate species
absence. Indicator species of each ecological group are shown by a rectangular box.

Ecological groups 1 2 3 4 5
Number of plots 10 10 3 12 19
Astragalus microcephalus Willd. 80 736 10 -
Quercus macranthera Fisch. & C.A.Mey. 50 67
Acer campestre L. A1) BV .
Acantholimon festucaceum (Jaub. & Spach) Boiss. BORSE 10
Lonicera floribunda Boiss. & Buhse 40 402 .
Thymus kotschyanus Boiss. & Hohen. 60 482 40 %1 .
Onobrychis cornuta (L.) Desv. 40 — | 100 #2 67 160 . 14 -
Hypericum scabrum L. 10 - 90 671 . . 14 -
Centaurea kotschyi (Boiss.) Hayek 70 612 . . .
Euphorbia helioscopia L. 80 607 . . 29 84
Salsola vermiculata L. . 60 514 . . .
Astragalus aureus Willd. 10 —~ 60 470 . . 29 133
Lisaea strigosa (Banks & Sol.) Eig 201 50 476 . . .
Silene schafta S.G.Gmel. ex Fisch. & C.A.Mey. 2036 60 474 . . 14 -
Achillea arabica Kotschy. biebersteini Afan: 70270 90 8 . . 14 -
Cerecis siliquastrum L. 100




e slaoy  ganail YA
Rubus criticus Tourn. ex L. sanetus Sehreb. 100 1
Isatis cappadocica Desv. 100 .
Celtis caucasica Willd. 100 ™87 40 188
Dracocephalum kotschyi Boiss. 10 100 *°
Coronilla varia L. 301 100 &*
Vincetoxicum scandens Sommier & Levier 67 7°%
Teucrium chamaedrys L. Gy ™8
Cornus sanguinea L. Gy ™8
Bromus tomentellus Boiss. . 67 0%
Fraxinus excelsior L. 50 %6 100 7 .
Chrysojasminum fruticans (L.) Banfi & . . 100 &°
Sempervivum iranicum Bornm. & Gauba . 20 . 80 %63 .
Rhamnus pallasii Fisch. & C.A.Mey. . 30 100 ¥# 40 — 86 5
Paliurus spina-christi Mill. .
Pyracantha coccinea M.Roem. . . 29 108 .
Acer monspessulanum L. 90 224 80 100 %° 7187
Phlomis herba-venti L. 57 601
Carex sylvatica Huds. Sy i
Petrorhagia saxifraga Link . 43 %57
Crambe orientalis L. . 30 %5 43399
Salsola arbuscula Pall. . . . .
Pteropyrum aucheri Jaub. & Spach . 10 - 40% 2903
Artemisia fragrans Willd. . . .
Cotoneaster integerrimus Medik. intergrima . 100 %04 20 100 %04
Acanthophyllum bracteatum Boiss. 2017 . . 57 601
Astragalus submitis Boiss. & Hohen. 40 — 10 ~ 60 4° 86 8
Frequent species
Juniperus excelsa M.Bieb. 100 — 100 — 100 — 100 100 —~
Ephedra major Host . 90 °3 100 7 100 7 86 “°
Lonicera iberica M.Bieb. 100%® 100 %4 100 24 40 — 57 —
Colutea buhsei (Boiss.) Shap. 70225 70225 . 60 142 14 -
Spiraea crenata L. 904  100%®  100%8 40 — 43 -
Prunus pseudoprostrata (Pojark.) Rech.f. 90 100 &7 100 &7 100 &7 100 &7
Artemisia aucheri Boiss. 100 — 100 100 100 100
Hymenocrater calycinus (Boiss.) Benth. . 202 .
Aethionema cordatum Boiss. 1034 1034 . 20187 .
Prangos ferulacea Lindl. . 80 %° 100 %4 80 %° 14 -
Galium verum L. 50 138 30 67 282 40 52 .
Eryngium bungei Boiss. 20 . . 4081 57 82
Stachys inflata Benth. 70 60 100 22 100 22 100 22
Brachypodium sylvaticum (Huds.) P.Beauv. 90 225 100 40 100 *
Teucrium polium L. 40°6 10 - . 60 234 4385
Berberis integerrima Bunge 80 2° 90 126 100 %3 20 — 86 8°
Festuca ovina L. 60 90 12 100 #8 60 — 8678
Prunus microcarpa C.A.Mey. 90 100 &7 100 &7 100 &7 100 &7
Phlomis olivieri Benth. 50 %4 40 155 . 40155 .
Asparagus officinalis L. . 10 67 46 20 2978
Rosa canina L. 80 332 50 82 100 2 29 —
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Random species
Salvia glutinosa L. 10 — ) ) 40 27
Viola sp. . 67 795 .
Verbascum tapsus subsp. thapsus Neck. 60204 10 — 10054 . 5718
Krascheninnikovia Euretia ceratoides (L.) Gueldenst. 1072 . . 14 147
Chenopodium foliosum Asch. 30518
Linum sp. . 203
Juniperus communis L. 2042
Scandix iberica M.Bieb. 10 2%
Juniperus sabina L. 10 %5
Atriplex halimus L. 10 %5
Psephellus zuvandicus Sons. 10 %5
Pyrus boissieriana Buhse 10 %5 .
Zelkova carpinifolia (Pall.) K.Koch 20%
Leptolepis sp. . . 40 42
Dianthus orientalis Adams 20104 . . 40 %7
Phedimis spurius (M.Bieb.) 't Hart .
Teucrium sp. 14 %4
Silene schafta S.G.Gmel. ex Fisch. & C.A.Mey. 14 354
Astragalus lineatus Lam. 30%8 3033
Group 1 Juniperus-Quercus macranthera Group 6 J.- Chrysojasminum fruticans
Group 2 J.- Chrysojasminum fruticans Group 5 J.- Rhamnus pallasii
Group 3 J.- Cercis siliquastrum
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Table 2- Analysis of variance of topographic variables in Juniper plant communities in Haraz Valley
Ecological groups of Juniper forests in the Haraz Valley

Variables

1 2 3 4 5 F

Elevation 1791+982 1611+19b 1924+95a 1026+95d 1440+56¢ 16.56*

ZSIope 57+5b¢ 79+52 40+3c 88+4a 62+b 1167*
Northness 1.99+0.012 1.99+0.012  1.12+0.02b 2+0.00a 1.97+0.01a 244.1*
Eastness 1.05+0.052 1.05+0.05° 1.88+0.01a 1+0.00b 1.1+0.05b 24.1*

Group 1 Juniperus-Quercus macranthera Group 6 J.- Chrysojasminum fruticans

Group 2 J.- Chrysojasminum fruticans Group 5 J.- Rhamnus pallasii

Group 3 J.- Cercis siliquastrum

*: Significant at p<0.001
Letters that differ indicate a significant difference between means (P<0.05).

HRa N, 5 N

PSS el Y c_gjf(g‘;) sl N b_}_;f(&.ﬁ‘)
(b) Groupe 2: Juniperus - Chrysojasminum (a) Groupe 1: Juniperus-Quercus macranthera
fruticans

3, omili— el oF a);(:) 7 ol sl el Y o);(c)

(¢) Groupe 4: Juniperus - Chrysojasminum (d) Groupe 3: Juniperus - Cercis siliquastrum
fruticans
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(e) Groupe 5: Juniperus - Rhamnus pallasii
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(f) Groupe 4: Juniperus - Chrysojasminum fruticans

Jol 518 053 53 sl Bldo s gy £ slar -F IS
Fig.4- Images of Juniper ecological groups in Haraz Valley, Amol
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