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Abstract

A set of 42 modern pollen samples has been inwstigto determine the relationship between pollercgnt-ages and
vegetation composition along a 3600 m elevationalimein-desert transect in central Iran. The stutliansect shows three
main vegetation groups including“high altitude zone(embracing subnival, alpine and montane subzoreXgrophytic
desert steppe zoheand a‘“halophytic zong correlated with the groups fileed in Correspondence Analysis (CA) of
vegetation dataset and Principal Component AnalfA@A) of pollen dataset. The subnival subzonéhiacterized by high
values of Asteraceae, Brassicaceae and Cyperacdia®, pwvhile alpine and montane subzones are cteiaed by the
highest pollen diversity with a predominance ofsgrgollen along the whole transect. The halopigdite is dominated by
Chenopodiaceae pollen while xerophytic desert steglpows a high occurrenceArftemisia pollen. The comparison of pollen
percentages with the corresponding vegetation glatsvs a high congruency between pollen and vegetabmpositions of
alpine subzone and undisturbed xerophytic desepipst but a weak correlation between those of thaigal and montane
subzones and human affected xerophytic desert esteppaddition, pollen representation of frequergilycountered or
important plant taxa in the Irano-Turanian regisipiovided. The widely used Chenopodiacéa##misia = C/A pollen ratio,
as an aridity index, is shown to be unreliablehia frano-Turanian steppes. Our results suggesttihambined graph of all
four indices (C/A pollen ratio, PoaceAgtemisia = P/A, Poaceae/ Chenopodiaceae = P/C and (A +r@)ifs) can represent
the vegetation and climate relationships more ately. In conclusion, surface pollen compositiom ceflect the actual
vegetation zones/subzones in Irano-Turanian steffeether, P/A and P/C ratios are moreficlemt to differentiate mesic
from arid steppes, while C/A and (A + C)/P ratiospde a useful tool to differentiate halophyticsdet vegetation developed
in endorheic depressions with saline soils fronogbytic desert steppe developed in well-drainet soi

1. Introduction

In Iran, only four studies on modern pollen vegetatcalibration have
been published, two in the Euro-Siberian and twotha Irano-Turanian

A reliable regional calibration scheme of differgtént taxa contributing
in modern pollen assemblages is essential to déyrriexterpret fossil pollen
spectra. In spite of expanding fossil pollen stsdie the Middle Eastern
countries since sixtiesWright, 1961; Van Zeist, 1967Van Zeist and
Bottema, 1977; EI-Moslimany, 1983; Bottema, 1986{tBma and Woldring,
1990; Tzedakis, 1994; Ramezani et al., 2008; Djaetahl., 2008, 2009b,
2016, modern surface pollen studies apgte scarce in the regiokVfight et
al., 1967; EI-Moslimany, 199@avies and Fall, 2001
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floristic regions. In the Euro-Siberiafioristic region in northern Iran,
comparison of surface pollen percentages with atiget composition along
a forest steppe transect in Golestan National Parorth-eastern Iran using
descriptive and numerical approaches, helps toindissh different
vegetation types, with the worst correspondencadan transitional zones or
ecotones@jamali et al., 2009aRamezani et al. (2013}udieda 20 km long
altitudinal transect in th&outh Caspian region which included only forest
communities, providing some data on pollen productand dispersal of
common place trees in central Hyrcanian foresoithern Iran.

In the Irano-Turanian region a set of sixty sampllesig four transects in
the Zagros Mountains of western Iran was studiedMoight et al. (1967)
This was dirst attempt to interpret the fossil pollen data



obtained from a few sediment cores from lakes Zarifalso Zeribar) and
Mirabad. They found that pollen rain assemblagksrtdrom Mesopotamian
steppes and piedmont pseudo-savannas containedaimghnts of Plantago
pollen, while those of oak woodlands and plateapps were characterized
by high percentages of Quercus, aAdemisa, and chenopod pollen,
respectively. However, their study suffered fromotwnain limitations
including lacking of numerical analysis and pdtaristic data which was
available at that time. Another study was done d&ry later in an arid region
in northeastern corner of Central Iran, as a comeigary study to
palynological investigation of a late Holocene el sediment core by
Moore and Stevensen (198Zfhey distinguishedive vegetation types on
limestone outcrops, Ephedra zone, Zygophyllum zmwdine areas and
disturbed areas in which 14 plots were taken stibgy, rather than a real
transect along an ecological gradient. They shothead pollen ofArtemisia
and Chenopodiaceae dominates the pollen percengamgkthat C/A ratio is
variable in different vegetation types with the Hegt value in saline areas
with dominance of members of Chenopodiaceae. Thseyrted that arboral
pollen is very scarce in the region with interegtipresence of some tree
pollen coming from south Caspian temperate fordstslong distance
dispersal.

Pollen ratios of Chenopodiacedetemisia and Poaceae have been widely
used as ecological indices in palynological stu@#@svioslimany, 1990; Van
Campo and Gasse, 1993; Davis and R01; Djamali et al., 2008; Zhao et
al.,, 2009. The Chenopodiaceaetemisia (C/A) pollen ratio as an aridity
index in open vegetation typeSl{Moslimany, 1999 has received the highest
attention by many authorajthough its reliability in different environments
has rarely been evaluateDjgmali et al., 2008; Zhao et al., 2012 semi-
quantitative aridity index ((A + C)/P) has also hg@oposed to determine
moisture variability and delimitation of steppe rfrodesert steppe. This
palynological index is suggested to be supported &sistworthy moisture
index by sedimentological data and palaeoclimateorrstructions at
millennial scale Fowell et al., 2008

Presenting a detailed study on quantitative poliegetation rela-
tionships in the Irano-Turaniaftoristic region is the subject matter of this
paper. This region forms one of the richiéstistic regions of the world with
unique and remarkably divefigid steppe vegetation covering an are&6f

million km?, housing more than 17,000 species in the Middlst Eed
Central Asia Davis et al., 1994 Here, we will study both vegetation and
modern pollen assemblages along an exceptionaflg lmountain-desert
transect of 3600 m elevation range aMti50 km horizontal distance from
Alborz mountains in northern Iran to the centranian deserts crossing a
range of vegetation and bioclimatic zones (B&e 1B) in the heart of the
Irano- Turanian region (sub-region IT2 seW8hite and Léonard, 1991We
aim at:

1) Determining pollen contribution of different Iradaranian floristic
elements and vegetation communities in surface Esmf provide a
calibration scheme for more accurate interpretatibfossil pollen diagrams
in the region.

2) Verifying the ecological sigficance of Chenopodiaceaértemisia
and Poaceae pollen values and ratios which are bigegialynologists as
aridity indices El-Moslimany, 1983, 1987, 1990; Fowell et al., 20Dgamali
et al., 2008; Zhao et al., 2012

2.Study area

2.1. Physical setting

East and also the highest volcano in Asia separdtiterior Iranian deserts
from the Caspian Sea. Alborz Mountain Range, 650ldmg, separates the
south Caspian lowland (down to 26 m below sea )Jewdth montane
temperate deciduous forests on the nortfflamks Akhaniet al., 2019 from
Irano-Turanian mountain steppes on the soutfianks Akhani et al., 2018
The central Iranian plateau contains Kevir National Park/Kavir Protected
Area with a surface area of 670,000 ha, locatatéreastern edge of the Salt
Playa Lake, which has been protected since 1B@&¢Hinger and Wendelbo,
1976; Firouz, 197§. About 75% of this area which is part of an eteda
plateauof 650 to 850 m a.s.l., is almost equally composkdhterfingering
peneplain surface, saline soils, and salt-encrusiegressions Kfinsley,
1970. While theflanks of Damavand are mainly composetrathyandesitic
lava flows and pyroclastic material with nutrient-rich Ispithe Alborz
Mountains are of various geological compositionsonfr Tertiary
volcaniclastic sediments to Mesozoic limestone raad formations Allen et
al., 2003; Davidson et al., 2004

According to regional weather stations along tHecsed transect (Rineh,
Larijan, Abali, Damavand, Garmsar and Siah Kuh)ameannual rainfall
decreases steadily towards low elevations, ranfgorg 548, 538, 373, 117 to
68 mmlyear respectively; while mean annual tempegaincreases in the
same direction from 9.89, 9, 13, 19 and 19 accgigdinThe meteorological
stations along the studied transect as well aslimate diagrams showing the
length of dry and humid periods are presentedFig. 1 There is no
meteorological data available for high elevatiofioor sampling sites but
obviously the pattern of temperature and precipitatfluctuations is
consistent along the whole transect. Similakalili (1973) showed that
high altitudes of Alborz Mountain Range show straogtinentality and that
the mean annual precipitation increases with dkitin southern slopes of
Alborz. In a bioclimatic point of view, our studyanhsect crosses the
Mediterranean Pluviseasonal-Continental, Mediteraan Xeric-Continental,
and Mediterranean Desertic-Continental moving framorth to south
according to Global Bioclimatic Clagisiation SystemOjamali et al., 201)L
The bioclimate is thus continental everywhere withreasing aridity and
longer dry seasons southward.

3. Material and methods
3.1. Vegetation measurements and surface pollen sampling

3.1.1. Field works

From August to November 2014, an altitudinal sttraysect was dimed
alongN150 km aerial distance from Damavand Volcano to Blalya Lake in
central Iran across which the vegetation compositias quanfied and the
surface pollen samples were collected within
42 plots Figs. 1A, B and D, and?). All vegetation plots were of the same
size (20 x 20 m) except for samples 14 (10 x 18)1D x 10),
24 (10 x 10 m) and 35 (10 x 30 m) in which the physgznditions did not
permit following exactly the protocolTéble ). Since the selected transect
was cut by roads and residential areas, samplirg deme at 562000 m
distances from the road side to avoid disturbancethe sampled vegetation
plots.

3.1.2. Vegetation measurements and zonation

Vegetation measurements were performed followirggrttethodology of
Zurich-Montpellier school of plant sociologBiaun-Blanquet1964 along
elevational gradient from 4327 m to 765 m a.s.k &achvegetation plot all
possible vegetation data were gathered and all weexa idenfied based on

Our study areaHig. 1) stretches from subnival zone close to upperregional references especially Flora Irani¢@edhinger, 1962015. The

vegetation limit of Damavand Volcano (35° 860N, 52° 6 21"E, 4327 m)
to Salt Playa Lake (Daryacheye Namak) in westerairkidational Park in
central Iran (34° 4042'N, 52° 4 21"E, 835 m). Damavand is a potentially
active stratovolcano, located in the Central Albtpuntains, in 60 km
north-east of Tehran. The Damavand peak with 567hbove sea level
elevation is the highest summit in the Middle

nomenclature follows mostly the Flora Iranica witipdates of family
Chenopodiaceae iAkhani et al. (2007)All 42 plots data were stored in
TURBOVEG 2.15 for windows databagdgnnekens and Schaminée, 2001
The final table from TURBOVEG was imported to JUICE 740 $ftware
(Tichy, 2003. Using TWINSPAN method Hill, 1979) the halophytic
communities are separated from the
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Fig. 1. A. Location of the pollen-vegetation transect frbmmavand Volcano to Salt Playa Lake (Daryacheye&¥im Central Iran. B. Topographic map of the #ddransect as well dscations
of the meteorological stations along the transhétl( Namak Playa Lake). C. Climatic diagrams of eneblogical data showing mean monthly temperataceraean monthly precipitation curves
as well as the length of dry and humid periodsT@pographic prfile representing the elevational position of eachpimg point against the main vegetation belts glthve studied transect.

rest of plant communities by cut level 2. The maetdo subnival main

vegetation groups were subsequently separated diesert steppe plots by
cut level 3. We continued clustering up to 9 cwele andfinally determined

5 vegetation zones. Furthermore, in each zone, eorti®s/community

groups were separated manually based on dominatétbracharacteristic
species. Because of the absence of a reliablex@ymieical system and the
fact that our plots could not cover all plant conmities existing from the top
of Damavand to the lowland desert, we did not diasdl plant communities

following Braun-Blanquet's nomenclature, but rathee named each
community or

community group according to representative dontinand physiog-
nomically important species.

3.1.3. Surface pollen sampling

Surface pollen samples were taken randomly at lgast 20 points
within the vegetation plots, either from moss paist plant detritus or soil
samples according to the availability of each niateiVhen all materials
were present, the priority was given to moss prsigant detritus and soil in
order of importance. The collected modern pollen



Fig. 2. Photographs of the vegetation belts along the stutliansect. A. Subnival community near the pealafavand Mt. dominated bgchillea aucheri and Dracocephalum aucheri
(Dracocephaletum aucheri). B. Alpine communities dominated by grasses amhion-like plants. CArtemisia steppe near Ghasre Bahram, Kavir National Pankimtted byArtemisia inculta. D.
Halophytic community near Mobarakieh dominatedHajostachys belangeriana with scatteredlamarix shrubs. Photo credit: A, C, D (H. Akhani), B (Mebghani).

samples were then thoroughly mixed and kept in pageselopes for
subsequent laboratory treatments.

3.2. Pollen analysis of surface samples

Pollen sample preparation followed the nfiedi procedure outlined by
Faegri and Iversen (198@nd that oMoore et al. (1991)The samples were
treated in 10% NaOH for an hour followed by mukipkashing in water,
sieving with a 16Qum mesh and treating with 37% HCI for 24 h in room
temperature. Subsequently, samples were treatéd40% HF followed by
retreatment with 37% HCI. Finally the samples waetolysed and sieved at
10 pym meshfilter before being mounted between slides and clipsrin
glycerol as a mounting medium. Pollen grains weienified and counted
using a Nikon Eclipse E200 microscope at a miagation of x 500. On the
average, 490 pollen grains per sample were talletlding the aquatic
plants encountered in a few sampling quadrats (emmh 9, 12, 16, 120,

pollen data is not congruent with CA graph (Fig).ZBherefore, we decided
to remove plot numbers D337, and D14 from both pollen and vegetation
datasets. Finally, the matrix of pollen percentaggsus vegetation plots was
composed of 61 pollen types and 36 samples. Raee(tccur in only one
sample) were removed from the analyses. The matds square-root
transformed in order to stabilize the variance.

The vegetation matrix (72 plant taxa and 36 samples composed of
plant abundances of Zirich-Montpellier vegetatioals technique against
plot numbers. In our multivariate analyses of vatieh data, we deliberately
deleted most species including those with low abupds and those with
occurrence in a limited number of plots. In ouradatatrix we used the same
values recorded for Braun-Blanquet cover abundanates (1, 2, 3, 4 and 5).
The value 0 was arbitrarily given to species wissl than 1% contribution in
the vegetation, which are traditionally shown Byainstead of digure.

25-27). Pollen idenfications were performed using the European and PCA and CA were applied to 61 (variables) x 36 (das) matrix of

Mediterranean pollen collections as well as‘td@&ldle East Pollen Reference
Collectio (MEPRC) hosted at Institut Méditerranéen de Bietsité et

d'Ecologie with occasional use of pollen atlase&wfope and North Africa
(Moore et al, 1991; Reille, 1992, 1995, 1998; Bew§04. Pollen

percentages of each pollen taxon were then casmilbised on the total
pollen sum of terrestrial and aquatic taxa. Undeiieed and damaged pollen
and fern spores were excluded from the total padiem. A pollen diagram

pollen and 72 (variables) x 36 (samples) matrixvefetation data, re-
spectively, using théAde-4' and“factoextrd packages from the R software
version 3.2.2R Development Core Team, 2Q1Zo0-Inertia Analysis (ColA)

(Dolédec and Chessel, 1994; Dray et al., 20@8s performed with the same
software using Ade-4 package. ColA allows studyting common structure
of a pair of data tables and to measure the adgdusteveen two data sets.
ColA is veryflexible and is suitable for quantitative and/or gatle or

was then created=ig. 4 based on calculated pollen percentages in TILIA-fuzzy environmental variable®fay et al., 2008 A Monte Carlo permutation

TGView software Grimm, 2004, 200p

3.3. Multivariate statistical analyses

We applied a number of multivariate analyses to matrices of pollen
and vegetation data. First and second runs of §oorelence Analysis (CA)
on vegetation data revealed that samples takealimessoils (plots D3337)
as well as plot number 14, sampled from an abardisaed exploitation area,
act as outliers and mask proper clustering of ophhets (Fig. 1S). However,
Principal Component Analysis (PCA) on

test, where the rows of one matrix are randomlynpged followed by a re-
computation of the total inertialffiioulouse et al., 1995vas used to check
the signficance of the co-structure of this ColA.

4. Results and discussion

4.1. Vegetation communities and their floristic composition

A total of 312 plant taxa were encountered andtifled (33 species only
to generic level) in the 42 vegetation plots altimg selected



Table 1

A summary description of plant communities, locataf sampled plots and the materials from whichpbllen rain samples were taken. D = Debris, L ehen, M = Moss polster, S = Soil. Plots
coordination: 1: 35°58l, 52°621"E; 2: 35°5%8'N, 52°622'E; 3: 35°5%0'N, 52°625'E; 4: 35°5534'N, 52°626'E; 5: 35°5%3"N, 52°614"E;6: 35°544'N, 52°616'E; 7: 35°582'N, 52°6 19'E; 8:
35°5414'N, 52°623'E; 9: 35°5B9'N, 52°634"E; 10: 35°53B6'N, 52°630"E; 11: 35°53L3'N, 52°630'E; 12: 35°553'N, 52°641'E; 13: 35°526'N, 52°643'E; 14: 35°5243'N, 52°749" E; 15:
35°5216"N, 52°69"E; 16: 35°5(G0"N, 52°343'E; 17: 35°482'N, 52°153'E; 18: 35°4B"N, 52°29"E; 19: 35°423'N, 52°339E; 20: 35°3@5'N, 52°448'E; 21: 35°3@1"N, 52°336'E;

22: 35°325"N, 52°1038'E; 23: 35°2817'N, 52°947"E; 24: 35°2717'N, 52°955'E; 25: 35°25\, 52°838'E; 26: 35°2314"N, 52°811.90E; 27: 35°227'N, 52°71"E; 28: 35°2143'N, 52°525'E;

29: 35°1910"N, 52°718'E; 30: 35°1749'N, 52°823'N, E; 31: 35°1&1"N, 52°1036'E; 32: 35°1314"N, 52°1429'E; 33: 35° 64"N, 52°22E; 34: 35°467'N, 52°2114"E; 35: 35° &"N, 52°2029'E;

36: 35° 022'N, 52°1756'E; 37: 34°5245'N, 52°1335'E; 38: 34°4@1'N, 52°1131"E; 39: 34°46L0'N, 52°1022'E; 40: 34°450"'N, 52°65"E; 41: 34°4R"N, 52°419'E; 42: 34°4M2'N, 52°421"E.

Plot No. L2 34

o
o

7 8 9 1012 13 18 17 11 15 16 14 19
3 8 a3
s S o

§ §

N
3
N
N
N

25 30 26 27 31 29 32 24 28 23 38 39 40 41 42 37 3334 35 36

Date (2014.X.XX)

400 9.07
¥ 400 9.08
¢ 400 9.
400 9.08
¢ 400 9.09
400 9.08
& 400 9.08
400 0210.
400 10.03
400 10.04
400 10.04
©100 10.03
© 400 10.03
400 0112
400 0212.
300 0410,
400 12.02

400 8.14
400 8.14
400 9.07
400 9.07

£ 400 814

Plot area (m2)
Altitude (m)

©400 0210,
g 400 0310,

£ 400 10.03

205SD 11 0 0 55 ® 400 1004

108 S

§ 400 815
£ 400 815
400 10.03
©400 0410,
£100 10.03
£ 400 0212,
2400 0212,
400 0112
0400 0112

E

R 100
na 400

¥

80
20 75
5
El
El

80

80

Cover total (%)
Slope (degrees)

-
25 85
12 8
15 80 :

762. SD3L W5 8
0 60 ~
0 65+
0 35 n
0 35 .
0 30 g
0 20%
0 20

N[543. SD 48 N 5 90
3
5 90

265SD 26 W 7 90

92.

20
75
0 60
10 90
0

20
100 0 30

262. M,S 19 S 30 80
6

372. SD 36 NE 7 100
0

0

Aspect (degrees) %]
Speciesrichness

ow

<3

310 0 8 .
12
30 02
20 0 70
2E 5 40 o
180 0 30 8
40 0 50 4
0 )
40 075
20

SD 38 S 30 75
16
18

LS
S

»
<
S
Zone C I

Pollen source

146 SD 6 S 30 25
412. SD 22 S 25 85

9
242 SD 15S 3030 ¥
283 SD 33 W 15 75 &
941.SD 100 0 303

332 5p 19 g
632.5D 27S
42. SD 258
982 SD 36 S
31650 38S
662.S,D 30S
842. SD 37 S
942. SD 34 0
063. S,D 36 E
221SD 13 0
187 s

282. SD 14 0
72. SD 19 0

370. S
982. S, D
093. S
14
781 S
1398
232 S
392. S
052. S
632. S
128 S
340.
920. S

Shannon Diversity | ndex

>|073.5D 37E

| I Zone B

Sub nival Alpine I Montane | I xerophytic desert steppe Halophylesl

+ 2 1 ... ...

Dracochephalum aucheri AL
Achillea aucheri s. aucheri
Draba siliquosa

Erysmum caespitosum All

+ s e

Veronica aucheri

Carex pseudofoetida s acrifolia
Astragalus macrosemius
Catabrosella parviflora A12].
Cerastium purpurascens

B EGEE S

MGG B B

Acantholimon demavendicum R L A
Onobrychis cornuta s. cornuta P 4

Minuartia lineata A2 . . L1

Cousinia harazens's BT,

Polygonum rottboellioides

3
2
Méica jacquemontii s. jacquemontii R + 1] . + .
2
2
+

Astragalus ochroleucus A22 ).

Galium verum T

Eryngium billardieri A3
Chondrillajuncea

Stachys lavandulifolia
Dactylis glomerata

A3L|’
Dianthus orientalis s. stenicalyx e

Arenaria gypsophiloides

N Y B

B DI [
—s -
N
-

ImN'
N

Acantholimon erinaceum L2
Achilleavermicularis |} ... 120 L1
A33
Echinopsebursenss | }. ..o ]2
Astragalus compactus N 7 [t S 4

Astragalus retamocarpus L .. 1 2
A34

Chaergehﬁlummacrgermum 2
Sophora alopecuroides Ad ). oo e
Blitum virgatum A5 ). . . .+ L+ . L1 1|4

Taeniatherum caput-medusae | |. .. ..o RN B )

IU’!U‘!'

Asperula glomerata P T RN P 3
Dendrostellera lessertii sl
Gundeliatournefortic | pooo

+

+
Cirsumcongestumyv. sorocephalum | |. . ... P P 3

+.
Cousiniaeryngioidess | _|. ... . . Lot 2+
A7

Echinophoraplatyioba | . ... ........ . . R C
Tamarix ramosissima o L |4 -
Anabasssetifer@ | | L
Lycium ruthenicum | fooo .
Tamarix serotina B2 ... ...

+ R N R N

Buffoniadliveriana | ... e PP L

Tamarixarceuthoides | | ...

Artemisia aucheri/Artemisia sp. | RN L +
Leptalum filifolium | ..o
Reaumuria alternifolia B31). . .. ...
Halothamnus subaphyllus B32|. ... ... . ...
Haloxylon ammodendron (cult.) B33|. . ... .. .....

Teucriumpolium | P Lo L .t
B34
Stipalessngiana ) ... ... .. +.o.

,,,,,,,,,,,, F P <]
Kaviria aucheri B4

Artemisainculta ] dooo

+R o~

+ o+

Acantholepis orientalis |l - P T P P §
Pteropyrumaucheri L ..o A L e 1. e e 2
Lactucaglaucifolia | ... P S P + 1. .+
Xylosalsolarichteri | ).
Ephedra strobilaceum Ba2|. ...........

Halothamnusglaueus | f. ..

Stipagrotisplumosa__________________ | |- ... ...

FEENH Eey
+ rl+
+

)
N

(continued on next paye



Table 1 (continued)

Halocnemum strobilaceum
Alhagi maurorum
Phragmites australis
Tamarix androssowii
Halostachys belangeriana

Tamarix pycnocarpa

C1

c2

C3

Species of higher categories or widespeard ones

Thymus kotschyanus
Psathyrostachys fragilis
Veronica biloba

Ziziphora clinopodioides
Polygonum serpyllaceum
Alopecurus textilis
Bromus variegatus
Artemisia melanolepis
Poa araratica

Festuca valesaca
Artemisia chamaemelifolia
Papaver bracteatum
Tanacetum polycephalum
Agropyron cristatum
Verbascum cheiranthifoilum
Draba nemorosa

Bromus tomentellus
Achillea biebersteinii

Poa bulbosa

Stipa arabica

Astragalus microcephalus
Scariola orientalis
Centaurea virgata s squarosa
Euphorbia cheiradenia
Elymus hispidus

Species of ZoneA

Erodium oxyrrhynchum s. oxyrrhynchum
Kaviria tomentosa

Peganum harmala

Caroxylon nitrarium

Climacoptera crassa

Salsola rosmarinus

Ziziphora tenuior

Senecio glaucus

Scabiosa olivieri

Species of Zone B

Widspeard (mostly annual species)
Bromus tectorum

Taraxacum species

Bromus danthoniae

Alyssum szovitsianum
Herniariaincana

Medicago sativa

Cousinia pterocaulos

Cirsium lappaceum v. tomentosum
Nepeta racemosa

Filago arvensis

Potentilla species

Alyssum desertorum

Galium species

Ceratocephala testiculata

Silene bupleuroides s. bupleuroides
Stipa caucasica

Rochelia persica

Veronica kurdica

Cerasus pseudoprostrata
Marrubium anisodon

Alyssum minus

Drabopsis verna

Hypericum scabrum

Astragalus jodotropis

Alyssum marginatum

Noaea mucronata

Eremopyrum distans-bonaepartis
Noaea minuta

Launaea acanthodes
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Table 1 (continued)

transect. The TWINSPAN clustering resulted in thresn vegetation groups
including a*“high altitude zonefrom 1700 to 4400 m a.s.l. (zone A), a
“xerophytic desert steppdrom 770 to 1700 m (zone B) arihally a
“halophytic zonéfrom 770 to 800 m (zone CJ#ble 1.

Zone A: High altitude zone. This zone includes sufin(plots 14, Fig.
2A), alpine (plots 518, Fig. 2B) and montane subzones (plots-29) and is
further divided into 13 communities or 7 communiyoups: Al) This
includes subnival communities (4323974 m a.s.l., D34) starting from
somewhere close to upper vegetation line of Dandhvaicano and contains
two communitiesDraba siliquosa-Erysimum caespitosum community (A1.1)
occupies poor soils largely covered by scree, ¢rand rocky substrate. By
decreasing altitudeGarex pseudofoetida-Astragal us macrosemius community
(A1.2) occurs on slightly developed soil layer. $Saesubnival communities
are equivalent to the associatibracocephaletum aucheri described from the
area Noroozi et al., 2014 A2) The thorny cushion form alpine community
group (29763613 m. a.s.l, D510) is dominated largely b®nobrychis
cornuta and is divided into two communities @ousinia harazenss and
Astragalus ochroleucus. A3) The six plots from alpine zone form a grodp o
communities of perennial grasses and perenniakheith few thorny species
on well-developed soil layer containing higher nwis (24372722 m, D1%
13, 15). This zone is subjected to intensive g@and is locally harvested
for fodder plantsGalium verum, Stachys lavandulifolia, Chondrilla juncea

land degradation. A7) The two plots sampled froevalion of 2089 m and
1699 m (D2%22) are also representative of wastelands in mensteppes
which are in verge of vegetation restoration. Tfogee many species are
Irano-Turanian indicators of wastelands such Ezkinophora platyloba,
Cousinia eryngioides, Centaurea virgata andScariola orientalis.

Zone B: Xerophytic desert and semi-desert steppee.zdhis zone
includes three main vegetation types. Tinst is the riverine vegetation on
saline soils with high water table dominated Tgmarix species (B1, B2,
plots D25 and D30). These belong to the Irano-TiararlassTamaricetea
arceuthoidis (Akhani and Mucina, 2025 The second and third zones
comprised characteristic desert and semi-de&gemisia steppe, in which
Artemisia aucheri andArtemisia sp. occur in higher elevations (B3, mostly in
8541520 m, plots D24, D2@9, D31) butArtemisia inculta (formerly known
in literatures asArtemisia sieberi) dominates extreme xerophytic desert
steppes of interior Iran (B4, 767040 m, plots D3%41, Fig. 2C). The soil
type is a major determining factor in formationpdént communities in this
area.Kaviria aucheri dominates in marly hills (B3.5, plot D23)teropyrum
aucheri occurs in dry river bed (B4.1) anlosalsola richteri onfixed sandy
soils (B4.2).

Zone C: Halophytic communities. The halophytic camities occur in
two parts of our transect. One is located in a @lagar Garmsar and the

and Eryngium billardieri are characteristic species of this community group second near the margin of Salt Playa Lake. The folots (D33-36,

the two latter species are indicators of overgrahedbitats. Thefive
communities (A3.1, A3.2, A3.3, A3.4, and A3.5) diguished in this group
reflect the heterogeneity of the area mostly relatedslope directions,
substrate variability, disturbance and water supflsis group with an
average species richness of 37 represents the divasse zone along the
studied transect. A4) Plot No. 16 represents arwateel on alpine area and
surrounding parts in an elevation of 2310 m, largelvered by the ruderal
speciesSophora alopecuroides on moist soil and species such EBg/mus
kotschyanus, Papaver bracteatum, Astragalus microcephalus, Elymus
hispidus, andMarrubium anisodon. A5) The community oDysphania botrys
forms on sandy soils in remnants of a former samtenwith some other
ruderal species such Beliotropium europaeum and Kali tragus in elevation
of 2402 m with very low species richness of 4. A8)o plots from elevations

elevations 765787 m,Fig. 2D) are sampled from hypersaline soils in which
Halocnemum gtrobilaceum is present in very species poor communities
(species richness of only-2). Three community types (C1, C2, and C3)
differ by their local habitat changes favoured pgdes such aBhragmites
audtralis, Halostachys belangeriana, Alhagi maurorum, Tamarix androsovii
andTamarix pycnocarpa.

4.2. Correspondence Analysis of vegetation data

Fig. 3illustratesthe CA scatter plots of simfid vegetation plotirst
tests of CA revealed that samples taken in sabile @lots D33
37) act as outliers in CA scatter plots due to highrdmation among them
masking the distinctive patterns among other conitiesn almost all

of 1907 and 2055 (D120) are located near the city of Damavand on thedeveloped on well drained soils. This group of igemoved from the CA)

hills of montane steppes which have largely beesrgrazed Taeniatherum
caput-medusae, an invasive annual grass species not favoredeblyivores
(Clausnitzer et al., 1999 and thorny ruderal species such @sndelia

encompasses predominantly halophyte taxa of Zoneldscribed above
(Table 3. The grouping of the remaining plots resultedfr@A analysis of
simplified vegetation data set and TWINSPAN analysis ofptera data set

tournefortii and Cirsium congestum are indicators of large parts of montane largely matched each othéfig. 3 Table 1.

steppes affected by overgrazing and

By removing the outliers from the vegetation datatiee resulted CA
diagram displays two main groups correspondingdones A, and BTable
1). Three subzones including subnival, alpine andtaree groups are less
clearly distinguished in CA diagrarfig. 3. Zone A
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Fig. 3. Correspondence Analysis scatter plots (vegetatita)dor both samples and the most contributingtptaxa into the CA axis 1 and CA axis 2. Contdbntribution color scale dfoth
samples and taxa to the CA-axeg Tactorial plan. CA axes 1 and 2 explain respetfit5.2% and 10.1% of the total variance.

includes almost all plots located on negative Sti€A Axis 1 (plots D+ diagram Fig. 4. Based on CONISS analysis of pollen percentageged by
22), and Zone B includes samples located far tgptsitive side of both CA  visual inspection of the ecologically important aafive PollenAssemblage

Axis 1 and 2 (plots D232 and D3842). Such repartition

shows a clear Zones (PAZ) were recognized:

altitudinal gradient explained by both axes 1 anéxplaining a visual arch- Pollen assemblage zone A (plots3). This pollen zone, encompassing
effect (Guttman effect). The most contributing pléexa in the CA scatter samples taken from high elevations of subnival z#100 m;Fig. 1D) is
plot are Dracocephalum aucheri, Artemisa melanolepis and Bromus characterized by high values Athillea/ Matricaria-type pollen (up to 65%).
variegatus in subnival groupPoa araratica and Festuca valesiaca in alpine  These high values are not very surprising\efsillea aucheri is the dominant
group and Centaurea virgata and Scariola orienitalimontane group of the plant in the vegetation community around plots @ @n(Table 1 Fig. 2A).

Zone A shown inFig. 38. The most characteristic taxa

in Zone B are Pollen percentages of  Artemisia, Poaceae, and

Artemisia spp., various species of Chenopodiacéaptaleum filifolium, and ~ Amaranthaceae/Chenopodiaceae remain low througheurone except for
Erodium oxyrhynchum. In terms of altitudinal distributionthere is a clear spectrum 3 with values of up to 43.5% Avtemisia have been encountered,
separation of Zone A from B, the separation poginf located somewhere produced byArtemisia melanolepis (Table 3. Other noticeable pollen types
between sample D22 and D23 in the boundary betweantane and xeric in this narrow zone especially in spectrum 3 belémdCyperaceaeCarex

desert steppe subzones.
4.3. Surface pollen assemblages

4.3.1. Pollen percentage diagram

pseudofoetida) and Brassicaceadiaba sliquosa, Erysimum caespitosum)

(Table 3. There is no sigficant amount of tree pollen including the
cultivated trees with the exception Bfnus pollen which keeps almost the
same values all along the transect. In summarnhisnzone only few taxa are
present but with very sporadically high pollen \edwith herbaceous pollen

Altogether 80 pollen types were encountered in4Begollen samples of predominating the spectra.

which only 65 types were depicted in a summarizdgntage
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Fig. 4. Pollen percentages diagram of a selection of paylpes encountered along the studied transect.

Pollen assemblage zone B (plots24). This pollen zone constitutes the 1800 m;Fig. 1D). This PAZ remarkably displays the most diviesi pollen
widest segment of the transect corresponding tmelgubzone (4162500 assemblage along the whole transect. The mosftisanti feature of this zone
m; Fig. 1D, Table ) and montane subzone (2500 is the predominance of grass pollen (Poaceae)waities
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Fig. 5. PCA scatter plots (pollen data) for both sampletstae most contributing pollen taxa into the PCAsdxand PCA axis 2. PCA axes 1 and 2 explain sy 16.4% and 9.5% of thetal

variance.

ranging from 9.2% to 68.8%. Family-level pollen ¢gp of Fabaceae,
Caryophyllaceae, Asteraceae-Cichorieae, Apiaceak] amiaceae (Mentha-
type) and to some extent PolygonaceRa ygonum aviculare-type) are also
well represented with highest values at the tramsiof alpine to montane
Irano-Turanian zones (~2500 m). The dung-associeces oSporormiella
show a constant presence with their highest vakiesalong the zone
suggesting a strong grazing pressure. Once, thévated/cultivation-
associated plants (e.g. Cefadlype andCentaurea solstitialistype) and
ruderal speciesP{antago, Rumex, Cichorieae, an@uphorbia) are also taken
into account, the whole zone indicates the stramgdn activities in the form
of agro-pastoralism. This agro-pastoral pressuradee visible in lower part
of the zone corresponding to montane Irano-Turasigizone (2500 1800
m). To the lower part of the zone we also noteirtbeeasing

values of cultivated treesJuglans, Platanus, Pinus, and possibly
CupressusThuja (Cupressaceae)) showing the proximity of permanent
habitations in villages and small towns andfiitil plantations in nearby
areasCousinia pollen is also well present in the zone but iserfoequent in
the spectra corresponding to upper alpine subZ@hparticular interest is the
presence oEremurus-type (or Ssyrinchium-type) pollen which was already
present in subnival (samples £8) but reappears in the lower alpine and
montane Irano-Turanian sub-zone (samples -B25h The absence of
producers of this pollen in our plots shows thas fhollen type has a good
production and dispersal in these two vegetatioits b@nost probably
belonging to different species) since someemurus species are widely
distributed in southern slopes of Alborz mountaifwendelbo, 198p
Exceptionally high values of Plumbaginaceae Mwhtha-type in spectrum
18 as well as
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d=1 belangeriana, andSalsola rosmarinus developed on saline soils and nfiads
o1 2 (Fig. 2D).
D3 Pollen assemblage zone E (plots-88). Like PAZ-D, this zone falls
within xerophytic desert steppe zone but on wedlirgd soils Fig. 1D).
Chenopodiaceae pollen falls instantly from 94.7%wmloto 4.9% while
D40 Artemisia pollen increases abruptly up to 71.8% exceptHerlast spectrum
. (sample 42) in which high amount dEphedra pollen illustratively
compresses the frequency Arftemisia pollen since the sample was taken in

e "be an Ephedra strobilacea community. As for two previous PAZs, grass pollen
013._:: o remains low while the pollen percentages of Asttgae and Brassicaceae
D16 e increase. High amount @alligonum-type pollen in spectrum 38ftects the
D15, ¥ major role ofPteropyrum aucheri in the vegetation community inside and
/\Fnﬁ outside the sampled plotgble 1). Considerable amounts Bflago/Senecio
‘/‘/D“ oz pollen type in this PAZ comesost likely from the annual desertic species of
L D36 Senecio glaucus which grows in the region. Likewise, the PAZ-D,
il D26 Soorormiella spores are almost absent from most of the specttas pollen
X Bt assemblage zone indicating low grazing and faiolseace of livestock due to

long term conservation and remoteness of the region

4.4. PCA of pollen data
D22

Fig. 5presentshe PCA scatter plots for both samples (plots) theenost
contributing plant taxa into the PCA axis 1 and P&#s 2, in which the
contributions of axes 1 and 2 to the total variaace 16.4% and 9.5%
respectively.

PCA analysis of pollen data set, delimits four iditt groups. Group A
(plots 1-3) includes subnival samples which are locatedeigative sides of
both PCA axesKig. 5A, D1-D3). The most important pollen types in group
A are Asteraceae and Cyperaceba(e 1 Fig. 4).

Group B (plots 418), with highest pollen diversity along the tractsis
located in negative side of PCA axis 1 and posiside of PCA axis 2
corresponding with well diverfs®éd mesic elevation steppes dominated by
thorny cushion taxa and Poaceae. The most chastictguollen types in
forming group B are Poaceae, Caryophyllaceae, Leeni® Fabaceae and
Cichorieae, yet the role dfolygonum aviculare-type pollen is of secondary
importance comparing the afore-mentioned taxa.

Fig. 6. Co-inertia scatter plots displaying the degree afralation between vegetation and
pollen data. Shorter arrows show stronger simiitbetween vegetation and pollen
assemblages.

C. soldtitialistype in spectrum 21 can be attributed to high eslwf
Acantholimon erinaceum (~30%), Thymus kotschyanus (~20%), andCen-
taurea virgata (~30%), respectively, in the vegetation communsyr-
rounding them. The latter comes from an abandoaetland. Samples 19
and 20 are taken from a zone, well-known for walaultivation, namely
Damavand, Tehran.

Pollen assemblage zone C (plots-22). This pollen zone covers the
submontane Irano-Turanian xerophytic steppig.(1D). In this PAZ, grass
pollen decreases drastically down to 0.8% (samf)ewhile Artemisia and
Amaranthaceae/Chenopodiaceae pollen percentagesasecso that one or
the other takes advantage in different spectrardipg on their contributions
in corresponding sampled vegetations. In genehad, Zone is characterized
by dominating presence ofirtemisia aucheri and different species of
Chenopodiaceae (e.daviria aucheri, Haloxylon ammodendron, Noaea
mucronata, Salsola rosmarinus, Halothamnus subaphyllus and so on) in the
sampling pointsTable ). There are also high values feif ago/Senecio-type
pollen and a sigficant presence of Apiaceae. Dominance of plantsgeig
to Asteraceae subfamily Asteroideae (&enecio glaucus L. and Pulicaria
gnaphaloides) explains the increased values Fifago/Senecio-type pollen.
Soorormiella spores exist in the whole zone although with lowatues
compared to PAZ-B, showing the grazing activitiesotighout the zone.
Lower values oferealia-type pollen suggest that pastoral activities aoeem
important than cereal cultivation. Cultivated trgdaglans, Platanus, and
possibly Cupressus/Thuja) also indicates the proximity of urban zones an
habitations. Exceptionally high pollen percentage&phedra distachyatype
(sample

Group C (plots 1922) comprises four samples sitting in positive sifle
both PCA axes. This group of samples has been takewicinity of
residential places and contains pollen of cultidai®xa or pollen indicating
human activities including that ofluglans regia, Centaurea virgata
(Centaurea solstitialis-type), Pinus, Euphorbia and Rosaceae. (Not all shown
in Fig. 5.

Group D (plots 2332 and 3842) lies mostly on negative side of PCA
axis 2, entailing samples taken Artemisia dominated thermo-xerophytic
steppes. The most characteristic pollen types omrB areArtemisa,
Chenopodiacea&phedra andFilago (partly shown irFig. 5).

The anomalous positions of plot 26 in the scatkatr {ig. 5 which loads
highly on PCA axis 1, is due to vegetation compasitoming from a barren

dgypsum substrate near a village where only less tha
%of the quadrat was occupied by plant taxa. Thisipldominated by
Artemisia, Chenopodiaceae and tree pollen tyjség. 4.

24) and Tamarix (samples 25 and 30) can be explainegrbgence of 4.5. Pollen-vegetation relationships
Ephedra and abundant shrubs of Tamarix, respegtiirelthe surrounding

vegetation communitie§ éble J). 4.5.1. Co-inertia analysis of pollen and vegetatiata
Pollen assemblage zone D (plots-33). This pollen zone falls within Co-inertia analysis was done to reveal the amotisinalarities between
halophytic vegetation zone but inside a relativatglorheic depressioifrif. vegetation composition data and corresponding popercentages. The

1D). Chenopodiaceae pollen predominates the polettsa of PAZ-D at  shorter arrows indicate higher correlation betweegetation composition
expense oArtemisia and grass pollen. This zone has the least pollensity and pollen data setsFig. 6). The best correlation between pollen and
over the study transect. Predominance of Chenopealacan be explained vegetation data sets was found in plotd® 12-13, 16-18, 21, 24, 3839,

by dominance and high representation of specie$ s Halocnemum and 42 whereas the least correlation was obtairetd/elen pollen and
strobilaceum, Halostachys vegetation data sets in plots4] 11, 15, 1920, 22-23, 25-30 (Fig. 6).
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The weak correlation between the vegetation antempassemblages of
plots 24 (subnival communities), is due to low pollen protion of many
plant species in this zone and a digant contribution of background long-
distance transport pollen originating from a vasfion. The vegetation in this
altitude is mostly open and the area is exposedtriing multidirectional
winds. With the exception of plots numbers 11, dhated byAstragalus
spp. and Chaerophyllum macrospermum (both are extremely
underrepresented in pollen assemblages), the remaaipine plots show
good correlation between vegetation and pollen raBBges. In contrast,
most plots found in montane zone and higher elematdf xerophytic desert
steppe zone show a weak correlation between prahpallen assemblages.
This is mainly a rifection of human activities (e.g. mining, agricudtur
animal husbandry and planting economical and orngahelants) and higher
diversity in vegetation resulted from habitat hetemeity. More detailed
studies are necessary to look for actual vegetationposition and its mirror
in pollen assemblages.

In the lowest elevations of xerophytic desert séemone, there is a
relatively good correlation between plant and polsssemblaged=igs. D
and 6). As the samples from saline environments in tleeressions are
excluded from the analyses (see above), the Céidnesuld not help testing
the correlation of pollen assemblages and vegetatmposition in this zone.

Thefinal results of co-inertia analysis is based on maky covariant co-
inertia axes which are derived from principal comgrts analysis (PCA) or
correspondence analysis (CA) methods. Since thireztia axes in this paper
were derived from CA approach, the clustering ofmgles in co-inertia
diagram follows the same pattern as that of CRign 3

4.5.2. Pollen representation of plant taxa

4.5.2.1. Trees. Although the studied transect wamst free of trees and
large shrubs within and around quadrats (exceptdomrix and alsaluglans
regia in vicinity), arboreal pollen transported in byndiwas often found but
rarely represented in a sifioant amountKig. 4). A well-represented case is
the Alnus pollen, coming from Hyrcanian forests indicatirig high pollen
production and dispersalDfamali et al., 20099. Other well dispersed
arboreal pollen grains are thoseQfercus, Carpinus, andPlatanus. Tamarix
seems to be a moderately dispersed under-reprdsexen, supplying only
6-13% of pollen assemblages where it comprises i@t of the coverage
(plots 25 and 30). The anemophilous cultivated, tdeglans regia shows
over-representation and effective dispersion. Adiogy to ourfindings where
Juglans regia proportion in fossil pollen reaches 10%, one camctude that
walnut cultivation has taken place in the vicinioy the region, while
extensive walnut cultivation can lead to up to 4pétlen representation in
fossil pollen diagrams in Irano-Turanian regione(ggots 19, 20 and 23).
Pinus pollen is found in almost all plots along the $adtransect but its
frequency rises in the vicinity of cities and resitlal areasKig. 4). The
application of ourfinding for interpretation of fossil pollen spectsathat

Prosopis farcta is a ruderal species and a good indicator of siver
overgrazed areas of the xerophytic desert zonehatisplays a moderate
representation in modern pollen rain. This pollgpet found exclusively in
xeric steppes, is encountered in small numberfiénabsence of the parent
plant Fig. 4. When the plant is present in considerable amansitle or
around the sampled plots (less than 5f%)farcta pollen can reach up to
7.6% of pollen sumKjg. 4 plot 30).

Lycium has about six species in Iran of which ohlcium ruthenicum
was found in our transect, inhabiting river bedsdsides and well-drained to
saline soils. Our pollen data suggests thaium pollen is poorly dispersed
and relatively under-represented in modern polleim.rLycium pollen is
found only in plot 30 where it produces 1.1% oftqiollen while the parent
plant comprises about 7% of the corresponding atiget (ig. 4, plot 30).

Pteropyrum species are desert shrubs growing often alongseahsver
and water runnels in desertic areas or gypsum tilithe southern parts of
Iran, showing low to slightly moderate pollen reggetation. When
Pteropyrum is present in the sampling vegetation, its pollemgely
contributes to the pollen sum (eRg. 4 plot 38) otherwise its proportion in
pollen assemblages is negligibked. 4, compare plot 38 with the rest).

4.5.2.3. Herbs and dwarf Shrubs. Entomophilous tdxXgsighlands including

Apiaceae Astragalus, Onobrychis, Thymus, Verbascum and Plumbaginaceae
which alternatively play fundamental roles in higllevation vegetation only
contribute meagre percentages in modern pollemdsages (se€ig. 4).

The family Fabaceae, as the largest family of taaianflora (Akhani,
2006), is poorly represented in modern vegetation dsasen modern pollen
assemblages from the desert steppes along ouettafiiy. 4, plots 2742).
However, they are well represented in vegetatiothef montane to alpine
steppes in which their role in pollen rain is highisignficant Fig. 4 e. g.
plots 3-13 and 1516). For instance, in several cases wit@mobrychis
cornuta forms more than 30% coverage in the vegetatisngahtribution to
modern pollen assemblage varies only between zetcasound 1%€Kig. 4,
plots 6-9). In the case of\stragalus spp. even the coverage percentage of up
to 80% in the sampled vegetation represented \@rydollen percentages
(e.g. 0.2% in plot 11 and 9.5% in plot TEable landFig. 4)).

Apiaceae is also highly under-represented in stutfiensect. In a local
stand ofChaerophyllum macrospermum with above 80% coverage, only 13%
of total pollen belongs to Apiacea¢ig. 4, plot 15). However, pollen
contribution of Apiaceae in dry steppes dominateg Artemisia-
Chenopodiaceae is still far more insfiggant than that of high elevation
steppes (see Apiaceae pollen percentagegyird).

Achillea aucheri subsp.aucheri an endemic taxon in high altitude of
central Alborz producesMatricaria-type pollen. Although encountered
sporadically throughout the studied transect, thadlen type is highly
represented (90% of pollen percentages in plots 2% vegetation cover)

representation oPinus pollen from 6 to 11% shows its occurrence in the in subnival plots dominated Achillea aucheri subspaucheri (Fig. 4, plots

original vegetation and below 6% is more likelygimates from remote

dispersal. In spite of the absencePifius trees in natural vegetation of Iran,

1-2). Apparently, this over-represented plant in grolassemblages has a
limited range of dispersal since its pollen sudgesnishes in adjacent plots

some species (e.d?. eldarica) are widely cultivated as ornamental and without individuals of the species.

artificial forestation in most parts of Iran in particukesidential areas in
southern and northern slopes of Alborz mountaiDfgrfali et al., 2016;
Akhani et al., 2018

4.5.2.2. Shrubs. Ephedra shows by far, the higheién production and
dispersal among shrubby species and was found sigttificant amounts in

Several species dfousinia grow along the transect includir@pusinia
harazenss, an endemic to Damavand MCousinia pterocaulis, Cousinia
multiloba, Cousinia eryngioides andCousinia cylindracea. Cousinia pollen is
found in small amounts along the transect butntreaches up to 11% where
producing plant forms about 20% coveradég( 4, plot 7). Apparently,
Cousinia pollen dispersal is limited. This can be critigalinportant since
different species ofCousinia are rather geographically distinct, therefore

almost all plots Kig. 4). This extreme pollen production and dispersal haspollen identiication to species level will help climate interjitedn in fossil

previously been shown by some authelten,1957; Bortenschlager, 1967;
Yuecong et al., 2005; Zhao and Herzschuh, 200fenEphedra is present
within the sampling sitdts pollen dominates the pollen spectfég( 4, plots
24 and 42).

pollen sequence®{amali etal., 2012.
Euphorbia represents around 74 species in Pahlévani et al.2015,

growing in various habitats. Onkuphorbia cheiradenia was found in our
transect which occupies disturbed or overgrazealsare
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Fig. 7. Comparison of pollen ratios dfrtemisia, Chenopodiaceae and Poaceae in different vegetatioes of a 3600 m elevational transect in cefraal along with a climatic curvehowing the
changes of mean annual temperature and precipitatiive meteorological stations along the studied tretngerows beside each index indicate moistureatation with respective index.

The results of our study propose tEaphorbia cheiradenia is highly under-
represented and its pollen never exceeds 2% evesamples in which the
plant coverage is over 20%ig. 4, plot 19).

Pollen of Poaceae is found in all plots except ¢fig. 4 plot 35),
reflecting the ubiquity of this divefs@d family. At present, pollen
identification is not feasible to determine lower taxonomaigks in grasses.
Supposedly, different taxa show different abilitigs pollen production
making it dificult to speculate about their pollen representattan instance

name of Chenopodiaceae not only following mosthefriecent clasitations
of Caryophyllales (such a¢ernandez-Ledesma et al., 2psut also because
of the rarity of Amaranthaceae s. str. in Iranoarianflora.

Pollen of Artemisia and Chenopodiaceae is found in all studied plots
which proves their high pollen production and gpadlen dispersal, already
noticed by many authors (e.Wright et al., 1967; Moore an8tevensen,
1982; El-Moslimany, 1990; Djamali et al., 2009c; adhet al., 201R

in plot 34 wherePhragmites australis covers more than 70% of the area, only Regardless of high pollen production and dispertfaé Artemisa and

1.7% of pollen sum belongs to PoaceBiy.(4). This may be partly due to
intensive grazing or unsuitable conditions dimimghflowering of reed
plants in the area. In plots 18 and 21, in spiteredftive dominance of
Poaceae, only 10% of total pollen is produced winilplots 4, 5 and 9 with
almost the same coverage,

a range of 6368% of total pollen belongs to Poaceae (&g 4). We
suggest that not only in Poaceae but also in dtieex (includingArtemisia
and Chenopodiaceae), different species have diffgrellen production and
dispersal. Furthermore, associated species cofddtahe amount of pollen
representation in pollen rain assemblages.

4.6. Chenopodiaceae/Artemisia pollen ratio application

The recent clasfication of Angiosperm Phylogeny Group, APG VI
(Chase et al., 20}6&uggested inclusion of Chenopodiaceae into a sétse
Amaranthaceae. The similarity of pollen grains afme groups of
Amaranthaceae (Amaranthoideae) with traditionalr@pediaceae and their
distinctiveness from other groups (Gomphrenoiddze been known in
literatures Borsch, 1998;Borsch and Barthlott, 19981In this study, we
preferred to keep the

Chenopodiaceae pollen frequencies in pollen ragetsp seem well flecting
their abundance in sampled locatioRgy( 4, Table J. The high elevation belt
(Zone A including subnival, alpinand montane parts of our transect) is
represented by a rather uniform low average peagenof 6.8% of chenopod
pollen, in spite of the fact that species of tlasifly are absent or rarely occur
in the vegetation. Thértemisia shows similar pattern in terms of pollen
percentage (7.9%) but in contrary to chenopodsraéspecies ofrtemisia
are associated with different plant communities thre high altitude
vegetation. An interesting pattern we foundditemisia pollen diagram is its
higher pollen percentages in desert steppes thahigh altitude plant
communities even in plots with similar coverage.isTimight represent
different pollen production and dispersal capasitief lowland versus
highland species ofrtemisia or the masking ofArtemisia by the pollen of
adjacent plants in the higher altitude vegetation.

Another interesting result in our study is the eliént patterns of pollen
percentages of Chenopodiaceae in xeric and halephgdnes. The
extraordinarily high pollen production in euhalofibychenopods compared
to species in the ruderal or xeric habitats mightiriierpreted as a result of
different pollen production rates in different
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taxonomic groups. Our owfield observations show that usually species oftransect fig. 7). Similar to C/A ratio, high values of (A + C)/mdex

Salicornioideae, as the dominant species in hydpphgtic communities,
produce large amounts of pollen. The available deden a few coastal
Mediterranean species belonging to the genirdplex and Halimione
(Chenopodioideae), Sarcocornia and Arthrocnemum  (Salicornioideae),
Suaeda vera (Suaedoideae) anghlsola vermiculata (Salsoloideae) show a
complex pattern that can't be used to explain thiéemp representation of
halophytic communities in the Irano-Turanian inlaadeas Fernandez-
lllescas et al., 2090

Inspection of pollen count datasets reveals thegettpollen types are
constantly present in plots including Poacéaéemisia and Chenopodiaceae,
offering the possibility to use them as ecologicalicators. EI-Moslimany
(1990) introduced ChenopodiaceAgtemisia pollen ratio as an index of
aridity in open habitats based on the hypothesisAttemisia species require
higher moisture than those of chenopods. In spitheowide use of this ratio

corresponds to the halophytic formations, ratheanthindicating drier
conditions as previously interpreted by other argh@owell et al., 2003;
Zhao and Herzschuh, 2008ee alsoFig. 7). We suggest that C/A ratis

more cofiident as an index to distinct the halophytic fronn-halophytic
desert vegetation, comparing to (A + C)/P (compédoeNo 34 in C/A and (A
+ C)/P graphs ifrig. 7).

We suggest to depict pollen ratios of all the thub&uitous pollen types
(PoaceaeArtemisia and Chenopodiaceae) in a combined graph as a bette
tool to rdlect vegetation and moisturieig. 7 shows that higher P/A and P/C
ratios are good indications of high elevation maséppes, while higher C/A
and (A + C)/P ratios are good indicators of xerdhyesert steppes and
chenopod dominated saline soils. The subnival subze particularly of
interest because it indicates low P/A and P/C \walug variable C/A ratios
and (A + C)/P values around 5. The poor grass a¢igetand occurrence of

in palynological studiesH|-Moslimany, 1990; Davies and Fall, 2001; Zhao et alpine species of Artemisa (Artemisa melanolepis and Artemisia

al., 2008; VanCampo and Gasse, 1993; Zhao and Herzschuh,)260®e

chamaelifolia) and orophilous chenopod specidBlitum virgatum) well

authorsdoubted its reliability Yasuda et al., 2000; Herzschuh, 2007; Djamali explain this deviation. Thiinding is of great interest to locate this vegetatio

et al., 2008; Zhao et al., 201Based on the analysis of large data bgts
Zhao et al. (2012)he C/A ratio corresponds with annual precipitatnly in
steppe areas with annual precipitationbd60-500 mm. Additionally, they
insisted on the requirement of careful pollen-vatieh-climate relationships
prior to applying this index. In studies on fogmillen from hypersaline lakes
in NW and SW IranDjamali et al.(2008, 20093)doubted the reliability of
C/A ratio in reconstruction aflimate because they found thatemisia and
Chenopodiaceae can coexist in the same region. Thegtioned the
importance of local edaphic conditions particulaatyl moisture and salinity
and local human effects in the formation of haldfhgr ruderal communities
of Chenopodiaceae which are not related to madmeatt conditions.
Furthermore, chenopod-dominated communities areoitapt features of
many coastal halophytic vegetation and some ctétiglants like Sugar
Beet (Beta vulgaris), SpinacBpfnacia oleracea) or many weedy species of
the genusChenopodium s.I. are indicators of crop cultivation. In sudises
high amounts of chenopod pollen is by no means ralexi of aridity.
Therefore, some authors suggest the applicabfliBoaceagfrtemisia pollen
ratio as a better index of moisture availabilityaimgt C/A (iu et al., 2006;
Djamali et al., 2009a The C/A index has further been criticizedAirtemisia
dominated hyperarid deserts of Badain Jaran, Taitam and Tengger in
western ChinaYang andScuderi, 201p

Our study shows that in plots in whidkrtemisia and Chenopods are
absent, we can still see small amounts of theidepolin the pollen
assemblages, but the C/A ratio in such plots doeshow a particular pattern
and changes randomly. However, in those plots inchviirtemisia or
Chenopodiaceae are dominated, the pollen asserstdagethe C/A ratios of
surface samples ftect their relative contribution to actual vegetat{pigs. 4

and 7 Table ). In Fig. 7 ratios of C/A, P/C (Poaceae/Chenopodiaceae), P/A

(Poaceadirtemisia) and (A + C)/P (Artemisia + Chenopodiaceae)/Poaceae)
are compared. The C/A and (A + C)/P ratios in xbybie desert steppes are
much lower than that of neighbouring halophytic etegion despite the fact
that macro-climatic conditions of both communite® similar. Further, the
soil moisture of halophytic communities is much Hég than that of
xerophytic desert steppes. It is important to nttat soil moisture in
halophytic communities could not necessarily beerprteted as higher
precipitation. The water table in low endorheic msgions and playa
environments is usually high due to the intersectibregional groundwater
with ground surface. The (A + C)/P aridity indexsagroposed byowell et
al. (2003)to differentiate steppes from desert steppes. Basethis index
values above 5 are considered as an indicatioridtanditions while values
below 5 are interpreted as indications of relajiveloist steppes or forest
steppes. Contrary to C/ A ratio, (A + C)/P ariditdex well distinguishes the
highland mesic steppes from the lowland xeroptaid halophytic steppes in
studied

zone in the fossil pollen diagram from the Iranadnian mountain regions.
It also shows that very loc#bristic conditions may change the general trends
in the palynological ratios used as aridity or rioie indices.

5. Conclusions

Along the 3600 m elevational gradient transect fidamavand Mountain
to Salt Playa Lake located in Irano-Turanian deseBashte Kavir we found:

1. The pollen assemblage of subnival vegetation lsettharacterized by an
assemblage of Achillea/Matricaria-type pollen falEd by Artemisia,
Cyperaceae and Brassicaceae showing a weak cmelsith the local
vegetation. This might be due to different représion of plant taxa in
pollen assemblages and sfigant contribution of background long-
distance transport pollen coming by strong windheregion.

2. The alpine and montane vegetation subzones &8@D m) show the
highest pollen diversity along the whole transew are characterized by
predominance of grass pollen. Pollen types of FedmcCaryophyllaceae,
Asteraceae-Cichorioideae, Apiaceae, and Lamiacktetifa-type) are
also well represented. The stronger correlatiow®eh modern vegetation
and pollen assemblages in the alpine subzone desraa the heavily
disturbed places, in particular in the montane snbz

. The xerophytic desert steppe vegetation zone i$ overacterized by
drastic reduction of grass pollen and a conspiculot®ase ofArtemisia
and Chenopodiaceae pollen percentages, well comdspith the actual
vegetation. The human activities in non-protectedts of the transect
have weakened the correlation between surface rpalsemblage and
actual vegetation evidently due to agropastoravidies.

4. The halophytic vegetation zone, showing the lovegscies richness and
the least pollen diversity over the entire transéstcharacterized by
absolute dominance of Chenopodiaceae pollen becafisdominant
chenopod vegetation.

5.

6. Entomophilous shrubs encountered in the studiedsée including
Prosopis farcta, Lycium ruthenicum, Pteropyrum awichnd Tamarix spp.
were poorly to moderately presented in pollen abizges. Members of
the families Apiaceae, Lamiaceae, Scrophulariaceenbaginaceae and
Fabaceae which dominate the high elevations ange weder-represented
in modern pollen samples in Irano-Turanian region.

7. The C/A pollen ratio, which has widely been usedaasaridity index in

open vegetations, is less reliable in the Irancamian region. This ratio is
informative to show the contribution of these
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two taxa in the parent vegetation only when theitem percentages are
high, otherwise it shows neither the parent vegetatomposition nor the
moisture conditions. We found depicting and comparhe combined
graphs of all four indices (C/A, P/A, P/C and (ACHP) better represent
the vegetation and climate relationships. In sunym@fA and P/C ratios
are more cofident to differentiate mesic from arid steppes whil& and
(A + C)/P ratios provide useful tools to distinduikalophytic and non-
halophytic desert vegetation.
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