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Fig. 3- Map of species richness in the study area
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Tab. 1- Ecological data on habitats of the study area

oS el STy awls [ awold g I g b oSy 59
Species Elevation range (m) Slope Aspect Total coverage Distribution pattern
0. microcarpa 455-2400 Gentle to half SW.S 50-75 Pile, random
abruptly
O. bulbotricha 1110-1913 half abruptly S 25-75 Pile
O. cornuta 1210-1700 abruptly S 25-75 Pile, random
O. sabalanica 2350-2950 half abruptly W,.N 25-75 Random
O. sericea 1430-2304 gentle N,S 25-75 Random
O. elwendica 1100-2553 gentle N,S 25-75 Random
O. chlorotricha 1350-1750 gentle S,E 25-75 Pile
O. subsericea 1240-1600 gentle W.N 25-75 Pile
O. bilabiata 1430-1720 gentle W 25-75 Random
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.(0) (Ministry of Industries and Mines Geological Survey of Iran, 2009) 2.J 331 Q) (55957155 (M) < 95,55 «(VS)

Tabe 2. Geobotanical data on the studied taxa. Abbreviations of bioclimates: Mediterranean pluviseasonal-oceanic (Mpo),
Mediterranean pluviseasonal-continental (Mpc), Mediterranean xeric-continental (Mxc), Mediterranean desertic-continental
(Mdc). Geomorphological Units: Northern (N), Northwestern (NW), Zagros (Z), Central Iran (CI). Geological structures:

.(Sedimentary (S), Igneous (I), Volcanic-Sedimentary (VS), Metamorphic (M), Quaternary (Q), Ophiolitic (O

Kes - oy0 ) ylislw
@S LS Ll i N o »>ls pomgigy O 0 ASIn
s o > & £a .o . ) )
Species Phytochorion L;%”Jss”‘y). ‘;wl-»-w S Zonobiome Distribution in
Geomorp.hologlc Geolog{cal Bioclimatic unit scale of Iran
unit formation
) Mpc Mxc Mdce « 1II- VII N.NW, W, C,
O. microcarpa IT NW, N, CL, Z M, 1, VS, S,0,Q Mpo (rTID) NW
1II- VII
O. cornuta IT NW, N, Z M VS S Mpc Mxc (+1IT) NNW,W
O. sabalanica IT NW LS Mpe Mxe 1I- vl NW
(¢IID)
. 1II- VII
O. sericea IT, Me NW, N, Z M, L VS, S, 0,Q Mpc Mxc (T N.NW,W
. III- VII
0. elwendica IT NW, N, Z, CI Q, I, VS, S Mpc Mxc Mdc (Tl NNW,W,C
, III- VII N.NW, W, C
Mpc Mxc Md (A
O. bulbotricha IT,Me Z,N, CI IS pc Mxc c (1) NW
O. chlorotricha IT Z,NW S, M Mpc Mxc H(Ir_HVI)H W.NW
O. subsericea IT NW S, VS, 1 Mpc Mxc II(EII\/DII NW
O. bilabiata IT NW 1 Mpc Mxc 11 NW
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Fig. 4- Distribution map of the studied taxa in the study area in Iran: a) O. chlorotricha, b) O. bilabiata, c) O. bulbotricha, d) O.

microcarpa, ¢) O. elwendica, f) O. cornuta, g)O. subsericea, h) O. sericea, i )O. sabalanica
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Fig. 4- Distribution map of the studied taxa in the study area in Iran: a) O. chlorotricha, b) O. bilabiata, c) O. bulbotricha, d( O.
microcarpa, e( O. elwendica, f( O. cornuta, g( O. subsericea, h( O. sericea, i (O. sabalanica

ANT) s & o 30 «(VU) 93 camwl ((CR) Sl s 1 sbilas Candg disS g ol gy sblis b))l uls -V Jous
Table 3. Conservation assessment of species and their habitats: Critically Endangered (CR), Vulnerable (VU) and Near

Threatened (NT)
g™ ™) o9 el L .. L XVRVE] & gox0 SR
g8 . e s c - Bl )l ol
] RE B WS STy oliug) o9 %9) bl
Species v Habitat threat
(RI) (SDI) (SSI) level (CS)
O. sabalanica 0.5 0.98 7.56 8.06 10.8 CR
O. cornuta 0.2 0.95 3.7 3.9 7.5 VU
O. bilabiata 0.3 0.97 5.53 5.83 9.4 CR
O. chlorotricha 0.3 0.97 3.93 423 5.5 NT
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(Table 4. Conservation assessment of endemic species and their habitats: Endangered (EN), Least Concern (LC

S goxo Canidg

Sl:ies = ’(':.I‘)-’“.’L‘:' o u‘(‘:;; o (CV) Bl 45 ol bl
Habitat threat level (CS)
O. microcarpa 0.07 0.88 0.95 2 LC
O. bulbotricha 0.2 0.95 0.97 3 LC
O. sericea 0.3 0.97 1/27 6 EN
O. subsericea 0.5 0.97 1/47 5 EN
O. elwendica 0.07 0.88 0.95 6 LC

slodaisl slacises a5 Wbl oo ol Adgs g0
5UT ol o iaslaxs )5 15 S uss LS o calise
FaSy HLS 0 i gladaass Sl (S LS
sloadlge 4y a5 3BT (O JSo) aslaxs, 5 1,8
ey Oy9e sloaisl slaciresr pled ju Lol
Gl 00,5 SS& g slo,exS 18 wlaly 1,
g eorldl Gy Laylyl) gl adlge (P JS2)
pgd adlgs (Luily,ly 5l asje FO/YY (Sl
aalge g o ;0 VAVY (ool Sz g (ol (yao))

A ‘) LQ&}.LS )1 oy VO/TA (s ..\.4)\)) P g

0. a5 o adlhe sbeaiss lo

Slodisl 9 6 iy 4,0 (o ien sabalanica
4>, (p S O. elwendica ¢ O. microcarpa
Omizrer losls plaisl se a0 1) (g uduasags
olSiun ) o9 0529 4,0 ' ieS O. cornuta 455
099 oy a0 oo yiden O. sabalanica 4545
odMeds .l ools plaisl s w4 1) el
51 O. subsericea ¢ O. sbaalanica lbaisS
aihie )5 iz (pl aslllae 3,90 slaaiss 0 5,00

(0 Jguz) cawl oolo plaiz! o4 Solas ladgs asse0 5T 5 Jeols gl

558951 sosls SILT ol (slaailge 51 G o (il ylg w0 yd g 0329 yolie —0 Jgux

Table S. Variance percentage as well as specific values of principal factors in ecological data

Componentl Component2 Component3 Component4
oy yolie 2.15 0.92 0.73 0.44
Eigenvalue
ol woyd 4533 19.37 15.48 9.26
Variance
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O. bulbotricha (90-95) O. sabalanica (96-100) .O. sericea (73-75) «O. cornuta (86-86) .O. chlorotricha (70-72) .subsericea (41-43)

Fig. 5- Cluster analysis of ecological data: O. microcarpa (1-40), O. elwendica (44-69), O. bilabiata (87-89), O. subsericea (41-
43), O. chlorotricha (70-72), O. cornuta (86-86), O. sericea (73-75), O. sabalanica (96-100), O. bulbotricha (90-95)
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O. subsericea (41- .O. bilabiata (87-89) .O. elwendica (44-69) .O. microcarpa (1-40) : Lol Waddgo &y 4 325 Hloges — F S
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Fig. 6- PCA diagram of species: O. microcarpa (1-40), O. elwendica (44-69), O. bilabiata (87-89), O. subsericea (41-43), O.
chlorotricha (70-72), O. cornuta (86-86), O. sericea (73-75), O. sabalanica (96-100), O. bulbotricha (90-95)

O. (0. subsericea O. microcarpa) ;l pl ;5 iz 3!
(O. sabalanica 4 O. bulbotricha O. cornuta sericea
355 4y 1) lpl 50 iz peaoenil JS 5l 0 £IVD 55
IYO 5 Heterotricha yizwpy ol ool plais
0. 5 0. elwendica) iz :pl aiss 5 5l ooy
Ol 5o iz ol JS7 5l aus 0 Y\ Y g (chlorotricha
dqdz Asterotricha iz y; ol 10 9 ool Jolls |,
5l as o YIY 5 iz pl slodisS S 5l sy YNY
welasl o a |,y sl 10 (0. bilabiata) iz gl
o 4, YA B YY olélps olase cul ools
be onyiien 5l Sy Job 4z, FA LY 5 Jls
slaisS IS sle puzmen allioe e laisS
adlhie Jlod Coow 4 dilaie cpl o Onosma iz
Slalllas b aS ams g0 lid o ,ai g (oo ialS
34l callao(Mehrabian, 2015)

Hedge ) ol> slo,pro o yiws b oS 35>

ALBIS 00 g8 seddl g9 & Wendelbo, 1978)
Frey & Probst, ) ge5 Jowily i olS ilg
sam e oliliz oo dsnl ol o 5 (1986
51 SlsS sladihaie 13 05 (lnl 30 Vb el
doy8 9 845 b )T lgim Onosma .ol oo 5,01
s ,n o fFF Jolae 4gS TV L)l l Hold 10 YU geacond]
(aisS 2 8,5 Sl 55 o) lnl (LS 455 VY- -
3oy VA Jolee) Sesil 4365 YY 4 (Akhani, 2006)
L (alili and Jamzad, 1999) ;! Sosil 4555 YYYY
Mehrabian, ) ol sl 0 juiz (oo, FA 5905 o]
o515 50 o b (@Y Sl el wo s 2012
L 5 ol 00l 0050y didlaie (0 el 00gad 3l
@il S 5 Haplotricha iz y5 30 gk aisS S
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Fig. 7- Richness of species, A) richness of all species, B) richness of endemic species

o sl plaisl sg5 a1, aslis ;o slaisS
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Fig. 8- Habitats conservation priorities in study area
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Introduction: With increasing rates of biodiversity loss in recent years, new conservation methods have
emerged. For example, by identify areas with unique endemic species and the habitat of species with special
values (e.g., medicinal or endangered species) or areas that are highly threatened, we can provide the most
protection at a lower cost. In Iran, there are taxa that have conservation priority due to their high diversity and
threats. The genus Onosma L. is classified as one of these priorities in Iran due to the ecological and medicinal
importance and being the center of speciation and biodiversity. It is necessary to determine the patterns of

distribution, endemism and conservation status of these species.

Material and methods: In this research, using a database prepared from previous field studies and herbarium
data, geographical distribution points of the species in a georeference geomorphology map of Iran were made
to grid cells with ArcGIS software with a resolution of 25 x 25 (20 x 20 km) UTM and then the diversity zones
have been determined. Then, based on the variety of geomorphologic-climatic conditions, various stations were
selected for evaluation. Field studies were performed at these stations based on elevation gradient. At each
station, the quadrates were established based on the type of habitat and population characteristics of the species.
At each station, between three and five quadrates were set up and in each quadrate the coverage, density,

diversity and surface coverage of the target species were evaluated. Within each quadrate, three to five
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individuals were sampled. Then, from each quadrate, the soil samples were collected from the surface to the
depth that the root is deployed. In addition, habitat features such as habitat physiognomy, threats, and other
ecological features were noted. In addition, the collected samples were fixed and stored according to standard
protocols. The identification of taxa was done based on Iranian flora, Iranica and flora of Iraq, Flora of Turkey,
and the former Soviet Union. Assessing the threatened species was performed according to the Red List of
Regional Guidelines for the Conservation Union, assessing the conservation status of the habitats was done in
accordance with the guidelines of the World Conservation Union and the rare species were classified based on

a combination of standard methods.

Results and discussion: In this study, the distribution patterns of nine species with 106 populations of Onosma
was assessed using a geobotanical approach. Among the studied specimens, one species belonged to the
subsect. Asterotricha., two species belonged to the subsect. Heterotricha, and six species belonged to the
subsect. Haplotricha All in all, only four species were endemic of Iran. The elevation range of the studied
species was 455 to 2950 AMSL, and species often occupy mountainous (1500 to 2500 meters) and mountain
(900 to 1500 meters) habitats, which are in agreement with the results of previous studies. Most of the
populations were distributed in mild, semi-sloping, southern slopes, and semi-humid, Mediterranean and semi-
arid climates. The habitats with the average annual temperature of 0-10 °C, average annual rainfall of 200 to
500 mm, low soil depth and sedimentary, igneous, and volcanic-sedimentary geological structures had the most
species richness. The species within this genus had the most species richness in the geographical coordinates
of 37 to 38 °N latitude and 47 to 48 °E longitude, and the overall richness of species to the north shows a
relative and gradual decrease. Also, O. sabalanica was the most threatened and O. microcarpa and O.
elwendica were the least threatened, and O. sabalanica and O. subsericea are among the rare species of this

genus in the region.

Conclusions: Rare species of Onosma often have small populations and are spread only in a limited geographic
area and altitudes, which makes them vulnerable to threats. So, along with methods for protecting its species
in the natural habitat, species-centric conservation and focusing on ex-situ conservation methods are also

recommended.

Keywords: Boraginaceae, Onosma, Endemism, Conservation, Distribution pattern, Azarbaijan.
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