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Abstract 
A set of 42 modern pollen samples has been investigated to determine the relationship between pollen percent-ages and 
vegetation composition along a 3600 m elevational mountain-desert transect in central Iran. The studied transect shows three 

main vegetation groups including a “high altitude zone” (embracing subnival, alpine and montane subzones), a “xerophytic 
desert steppe zone”, and a “halophytic zone”, correlated with the groups defined in Correspondence Analysis (CA) of 
vegetation dataset and Principal Component Analysis (PCA) of pollen dataset. The subnival subzone is characterized by high 
values of Asteraceae, Brassicaceae and Cyperaceae pollen, while alpine and montane subzones are characterized by the 
highest pollen diversity with a predominance of grass pollen along the whole transect. The halophytic zone is dominated by 
Chenopodiaceae pollen while xerophytic desert steppe shows a high occurrence of Artemisia pollen. The comparison of pollen 
percentages with the corresponding vegetation plots shows a high congruency between pollen and vegetation compositions of 
alpine subzone and undisturbed xerophytic desert steppe but a weak correlation between those of the subnival and montane 
subzones and human affected xerophytic desert steppe. In addition, pollen representation of frequently encountered or 
important plant taxa in the Irano-Turanian region is provided. The widely used Chenopodiaceae/ Artemisia = C/A pollen ratio, 
as an aridity index, is shown to be unreliable in the Irano-Turanian steppes. Our results suggest that a combined graph of all 
four indices (C/A pollen ratio, Poaceae/Artemisia = P/A, Poaceae/ Chenopodiaceae = P/C and (A + C)/P ratios) can represent 

the vegetation and climate relationships more accurately. In conclusion, surface pollen composition can reflect the actual 
vegetation zones/subzones in Irano-Turanian steppes. Together, P/A and P/C ratios are more confident to differentiate mesic 
from arid steppes, while C/A and (A + C)/P ratios provide a useful tool to differentiate halophytic desert vegetation developed 
in endorheic depressions with saline soils from xerophytic desert steppe developed in well-drained soils.  
 

 
 
 
1. Introduction 
 

A reliable regional calibration scheme of different plant taxa contributing 
in modern pollen assemblages is essential to correctly interpret fossil pollen 
spectra. In spite of expanding fossil pollen studies in the Middle Eastern 
countries since sixties (Wright, 1961; Van Zeist, 1967; Van Zeist and 
Bottema, 1977; El-Moslimany, 1983; Bottema, 1986; Bottema and Woldring, 
1990; Tzedakis, 1994; Ramezani et al., 2008; Djamali et al., 2008, 2009b, 
2016), modern surface pollen studies are quite scarce in the region (Wright et 
al., 1967; El-Moslimany, 1990; Davies and Fall, 2001).  
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In Iran, only four studies on modern pollen vegetation calibration have 

been published, two in the Euro-Siberian and two in the Irano-Turanian 
floristic regions. In the Euro-Siberian floristic region in northern Iran, 
comparison of surface pollen percentages with vegetation composition along 
a forest steppe transect in Golestan National Park in north-eastern Iran using 
descriptive and numerical approaches, helps to distinguish different 
vegetation types, with the worst correspondence found in transitional zones or 
ecotones (Djamali et al., 2009a). Ramezani et al. (2013) studied a 20 km long 
altitudinal transect in the South Caspian region which included only forest 
communities, providing some data on pollen production and dispersal of 
common place trees in central Hyrcanian forest in northern Iran. 

 
In the Irano-Turanian region a set of sixty samples along four transects in 

the Zagros Mountains of western Iran was studied by Wright et al. (1967). 
This was a first attempt to interpret the fossil pollen data 
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obtained from a few sediment cores from lakes Zaribar (also Zeribar) and 
Mirabad. They found that pollen rain assemblages taken from Mesopotamian 
steppes and piedmont pseudo-savannas contained high amounts of Plantago 
pollen, while those of oak woodlands and plateau steppes were characterized 
by high percentages of Quercus, and Artemisia, and chenopod pollen, 
respectively. However, their study suffered from two main limitations 
including lacking of numerical analysis and poor floristic data which was 
available at that time. Another study was done 15 years later in an arid region 
in northeastern corner of Central Iran, as a complementary study to 
palynological investigation of a late Holocene alluvial sediment core by 
Moore and Stevensen (1982). They distinguished five vegetation types on 
limestone outcrops, Ephedra zone, Zygophyllum zone, saline areas and 
disturbed areas in which 14 plots were taken subjectively, rather than a real 
transect along an ecological gradient. They showed that pollen of Artemisia 
and Chenopodiaceae dominates the pollen percentages and that C/A ratio is 
variable in different vegetation types with the highest value in saline areas 
with dominance of members of Chenopodiaceae. They also noted that arboral 
pollen is very scarce in the region with interesting presence of some tree 
pollen coming from south Caspian temperate forests by long distance 
dispersal. 

 
Pollen ratios of Chenopodiaceae, Artemisia and Poaceae have been widely 

used as ecological indices in palynological studies (El-Moslimany, 1990; Van 
Campo and Gasse, 1993; Davis and Fall, 2001; Djamali et al., 2008; Zhao et 
al., 2008). The Chenopodiaceae/Artemisia (C/A) pollen ratio as an aridity 
index in open vegetation types (El-Moslimany, 1990) has received the highest 
attention by many authors, although its reliability in different environments 
has rarely been evaluated (Djamali et al., 2008; Zhao et al., 2012). A semi-
quantitative aridity index ((A + C)/P) has also been proposed to determine 
moisture variability and delimitation of steppe from desert steppe. This 
palynological index is suggested to be supported as a trustworthy moisture 
index by sedimentological data and palaeoclimate reconstructions at 
millennial scale (Fowell et al., 2003). 

 
Presenting a detailed study on quantitative pollen-vegetation rela-

tionships in the Irano-Turanian floristic region is the subject matter of this 
paper. This region forms one of the richest floristic regions of the world with 
unique and remarkably diversified steppe vegetation covering an area of N6 

million km2, housing more than 17,000 species in the Middle East and 
Central Asia (Davis et al., 1994). Here, we will study both vegetation and 
modern pollen assemblages along an exceptionally long mountain-desert 
transect of 3600 m elevation range and N150 km horizontal distance from 
Alborz mountains in northern Iran to the central Iranian deserts crossing a 
range of vegetation and bioclimatic zones (see Fig. 1B) in the heart of the 
Irano- Turanian region (sub-region IT2 sensu White and Léonard, 1991). We 
aim at:  

1) Determining pollen contribution of different Irano-Turanian floristic 
elements and vegetation communities in surface samples to provide a 
calibration scheme for more accurate interpretation of fossil pollen diagrams 
in the region.  

2) Verifying the ecological significance of Chenopodiaceae, Artemisia 
and Poaceae pollen values and ratios which are used by palynologists as 
aridity indices (El-Moslimany, 1983, 1987, 1990; Fowell et al., 2003; Djamali 
et al., 2008; Zhao et al., 2012). 
 
2. Study area 
 
2.1. Physical setting 
 

Our study area (Fig. 1) stretches from subnival zone close to upper 
vegetation limit of Damavand Volcano (35° 56′ 0.60″N, 52° 6′ 21″E, 4327 m) 
to Salt Playa Lake (Daryacheye Namak) in western Kavir National Park in 
central Iran (34° 40′ 42″N, 52° 4′ 21″E, 835 m). Damavand is a potentially 
active stratovolcano, located in the Central Alborz Mountains, in 60 km 
north-east of Tehran. The Damavand peak with 5671 m above sea level 
elevation is the highest summit in the Middle 

 
 
East and also the highest volcano in Asia separating interior Iranian deserts 
from the Caspian Sea. Alborz Mountain Range, 650 km long, separates the 
south Caspian lowland (down to 26 m below sea level) with montane 
temperate deciduous forests on the northern flanks (Akhani et al., 2010) from 
Irano-Turanian mountain steppes on the southern flanks (Akhani et al., 2013). 
The central Iranian plateau contains the Kavir National Park/Kavir Protected 
Area with a surface area of 670,000 ha, located in the eastern edge of the Salt 
Playa Lake, which has been protected since 1964 (Rechinger and Wendelbo, 
1976; Firouz, 1976). About 75% of this area which is part of an elevated 
plateau of 650 to 850 m a.s.l., is almost equally composed of interfingering 
peneplain surface, saline soils, and salt-encrusted depressions (Krinsley, 
1970). While the flanks of Damavand are mainly composed of trachyandesitic 
lava flows and pyroclastic material with nutrient-rich soils, the Alborz 
Mountains are of various geological compositions from Tertiary 
volcaniclastic sediments to Mesozoic limestone and marl formations (Allen et 
al., 2003; Davidson et al., 2004). 

 
According to regional weather stations along the selected transect (Rineh, 

Larijan, Abali, Damavand, Garmsar and Siah Kuh), mean annual rainfall 
decreases steadily towards low elevations, ranging from 548, 538, 373, 117 to 
68 mm/year respectively; while mean annual temperature increases in the 
same direction from 9.89, 9, 13, 19 and 19 accordingly. The meteorological 
stations along the studied transect as well as the climate diagrams showing the 
length of dry and humid periods are presented in Fig. 1. There is no 
meteorological data available for high elevations of our sampling sites but 
obviously the pattern of temperature and precipitation fluctuations is 
consistent along the whole transect. Similarly, Khalili (1973) showed that 
high altitudes of Alborz Mountain Range show strong continentality and that 
the mean annual precipitation increases with altitude in southern slopes of 
Alborz. In a bioclimatic point of view, our study transect crosses the 
Mediterranean Pluviseasonal-Continental, Mediterranean Xeric-Continental, 
and Mediterranean Desertic-Continental moving from north to south 
according to Global Bioclimatic Classification System (Djamali et al., 2011). 
The bioclimate is thus continental everywhere with increasing 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 study transect was defined 
along N150 km aerial distance from Damavand Volcano to Salt Playa Lake in 
central Iran across which the vegetation composition was quantified and the 
surface pollen samples were collected within 
42 plots (Figs. 1A, B and D, and 2). All vegetation plots were of the same 
size (20 × 20 m) except for samples 14 (10 × 10), 23 (10 × 10),  
24 (10 × 10 m) and 35 (10 × 30 m) in which the physical conditions did not 
permit following exactly the protocol (Table 1). Since the selected transect 
was cut by roads and residential areas, sampling was done at 50–2000 m 
distances from the road side to avoid disturbances on the sampled vegetation 
plots. 

 
3.1.2. Vegetation measurements and zonation  

Vegetation measurements were performed following the methodology of 
Zürich-Montpellier school of plant sociology (Braun-Blanquet, 1964) along 
elevational gradient from 4327 m to 765 m a.s.l. For each vegetation plot all 
possible vegetation data were gathered and all taxa were identified based on 
regional references especially Flora Iranica (Rechinger, 1963–2015). The 
nomenclature follows mostly the Flora Iranica with updates of family 
Chenopodiaceae in Akhani et al. (2007). All 42 plots data were stored in 
TURBOVEG 2.15 for windows database (Hennekens and Schaminée, 2001). 
The final table from TURBOVEG was imported to JUICE 7.0.84 software 
(Tichý, 2002). 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 from Damavand Volcano to Salt Playa Lake (Daryacheye Namak) in Central Iran. B. Topographic map of the studied transect as well as locations 
of the meteorological stations along the transect (NPL: Namak Playa Lake). C. Climatic diagrams of meteorological data showing mean monthly temperature and mean monthly precipitation curves 
as well as the length of dry and humid periods. D. Topographic profile representing the elevational position of each sampling point against the main vegetation belts along the studied transect. 
 
rest of plant communities by cut level 2. The montane to subnival main 
vegetation groups were subsequently separated from desert steppe plots by 
cut level 3. We continued clustering up to 9 cut levels and finally determined 
5 vegetation zones. Furthermore, in each zone, communities/community 
groups were separated manually based on dominated and/or characteristic 
species. Because of the absence of a reliable syntaxonomical system and the 
fact that our plots could not cover all plant communities existing from the top 
of Damavand to the lowland desert, we did not classify all plant communities 
following Braun-Blanquet's nomenclature, but rather we named each 
community or 

 
 
community group according to representative dominant and physiog-
nomically important species. 
 
 
3.1.3. Surface pollen sampling  

Surface pollen samples were taken randomly at least from 20 points 
within the vegetation plots, either from moss polsters, plant detritus or soil 
samples according to the availability of each material. When all materials 
were present, the priority was given to moss polsters, plant detritus and soil in 
order of importance. The collected modern pollen 
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Fig. 2. Photographs of the vegetation belts along the studied transect. A. Subnival community near the peak of Damavand Mt. dominated by Achillea aucheri and Dracocephalum aucheri 
(Dracocephaletum aucheri). B. Alpine communities dominated by grasses and cushion-like plants. C. Artemisia steppe near Ghasre Bahram, Kavir National Park, dominated by Artemisia inculta. D. 
Halophytic community near Mobarakieh dominated by Halostachys belangeriana with scattered Tamarix shrubs. Photo credit: A, C, D (H. Akhani), B (M. Dehghani). 
 
samples were then thoroughly mixed and kept in paper envelopes for 
subsequent laboratory treatments. 
 
3.2. Pollen analysis of surface samples 
 

Pollen sample preparation followed the modified procedure outlined by 
Faegri and Iversen (1989) and that of Moore et al. (1991). The samples were 
treated in 10% NaOH for an hour followed by multiple washing in water, 
sieving with a 160 µm mesh and treating with 37% HCl for 24 h in room 
temperature. Subsequently, samples were treated with 40% HF followed by 
retreatment with 37% HCl. Finally the samples were acetolysed and sieved at 
10 µm mesh filter before being mounted between slides and coverslips in 
glycerol as a mounting medium. Pollen grains were identified and counted 
using a Nikon Eclipse E200 microscope at a magnification of × 500. On the 
average, 490 pollen grains per sample were tallied including the aquatic 
plants encountered in a few sampling quadrats (samples 4, 9, 12, 16, 19–20, 
25–27). Pollen identifications were performed using the European and 
Mediterranean pollen collections as well as the “Middle East Pollen Reference 
Collection” (MEPRC) hosted at Institut Méditerranéen de Biodiversité et 
d'Ecologie with occasional use of pollen atlases of Europe and North Africa 
(Moore et al., 1991; Reille, 1992, 1995, 1998; Beug, 2004). Pollen 
percentages of each pollen taxon were then calculated based on the total 
pollen sum of terrestrial and aquatic taxa. Undetermined and damaged pollen 
and fern spores were excluded from the total pollen sum. A pollen diagram 
was then created (Fig. 4) based on calculated pollen percentages in TILIA-
TGView software (Grimm, 2004, 2005). 

 
 
3.3. Multivariate statistical analyses 
 

We applied a number of multivariate analyses to two matrices of pollen 
and vegetation data. First and second runs of Correspondence Analysis (CA) 
on vegetation data revealed that samples taken in saline soils (plots D33–37) 
as well as plot number 14, sampled from an abandoned sand exploitation area, 
act as outliers and mask proper clustering of other plots (Fig. 1S). However, 
Principal Component Analysis (PCA) on 

 
 
pollen data is not congruent with CA graph (Fig. 2S). Therefore, we decided 
to remove plot numbers D33–37, and D14 from both pollen and vegetation 
datasets. Finally, the matrix of pollen percentages versus vegetation plots was 
composed of 61 pollen types and 36 samples. Rare taxa (occur in only one 
sample) were removed from the analyses. The matrix was square-root 
transformed in order to stabilize the variance. 
 

The vegetation matrix (72 plant taxa and 36 samples) was composed of 
plant abundances of Zürich-Montpellier vegetation-scale technique against 
plot numbers. In our multivariate analyses of vegetation data, we deliberately 
deleted most species including those with low abundances and those with 
occurrence in a limited number of plots. In our data matrix we used the same 
values recorded for Braun-Blanquet cover abundance scales (1, 2, 3, 4 and 5). 
The value 0 was arbitrarily given to species with less than 1% contribution in 
the vegetation, which are traditionally shown by a “+” instead of a figure. 
 

PCA and CA were applied to 61 (variables) × 36 (samples) matrix of 
pollen and 72 (variables) × 36 (samples) matrix of vegetation data, re-
spectively, using the “Ade-4” and “factoextra” packages from the R software 
version 3.2.2 (R Development Core Team, 2012). Co-Inertia Analysis (CoIA) 
(Dolédec and Chessel, 1994; Dray et al., 2003) was performed with the same 
software using Ade-4 package. CoIA allows studying the common structure 
of a pair of data tables and to measure the adequacy between two data sets. 
CoIA is very flexible and is suitable for quantitative and/or qualitative or 
fuzzy environmental variables (Dray et al., 2003). A Monte Carlo permutation 
test, where the rows of one matrix are randomly permuted followed by a re-
computation of the total inertia (Thioulouse et al., 1995) was used to check 
the significance of the co-structure of this CoIA. 

 
 
4. Results and discussion 
 
4.1. Vegetation communities and their floristic composition 
 

A total of 312 plant taxa were encountered and identified (33 species only 
to generic level) in the 42 vegetation plots along the selected 
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Table 1  
A summary description of plant communities, location of sampled plots and the materials from which the pollen rain samples were taken. D = Debris, L = Lichen, M = Moss polster, S = Soil. Plots 
coordination: 1: 35°56′N, 52°6′21″E; 2: 35°55′58″N, 52°6′22″E; 3: 35°55′50″N, 52°6′25″E; 4: 35°55′34″N, 52°6′26″E; 5: 35°55′8″N, 52°6′14″E;6: 35°54′44″N, 52°6′16″E; 7: 35°54′32″N, 52°6′ 19″E; 8: 
35°54′14″N, 52°6′23″E; 9: 35°53′59″N, 52°6′34″E; 10: 35°53′36″N, 52°6′30″E; 11: 35°53′13″N, 52°6′30″E; 12: 35°52′53″N, 52°6′41″E; 13: 35°52′46″N, 52°6′43″E; 14: 35°52′43″N, 52°7′49″ E; 15: 
35°52′16″N, 52°6′9″E; 16: 35°50′50″N, 52°3′43″E; 17: 35°48′22″N, 52°1′53″E; 18: 35°47′5″N, 52°2′9″E; 19: 35°42′43″N, 52°3′39″E; 20: 35°39′25″N, 52°4′48″E; 21: 35°36′31″N, 52°3′36″E;  
22: 35°32′5″N, 52°10′38″E; 23: 35°28′47″N, 52°9′47″E; 24: 35°27′17″N, 52°9′55″E; 25: 35°25′N, 52°8′38″E; 26: 35°23′44″N, 52°8′11.90″E; 27: 35°22′27″N, 52°7′1″E; 28: 35°21′43″N, 52°5′25″E;  
29: 35°19′10″N, 52°7′18″E; 30: 35°17′49″N, 52°8′23″N, E; 31: 35°16′21″N, 52°10′36″E; 32: 35°13′44″N, 52°14′29″E; 33: 35° 6′4″N, 52°22′E; 34: 35°4′57″N, 52°21′14″E; 35: 35° 4′7″N, 52°20′29″E;  
36: 35° 0′22″N, 52°17′56″E; 37: 34°52′45″N, 52°13′35″E; 38: 34°46′21″N, 52°11′31″E; 39: 34°46′10″N, 52°10′22″E; 40: 34°42′50″N, 52°6′5″E; 41: 34°41′2″N, 52°4′19″E; 42: 34°40′42″N, 52°4′21″E.   

Plot No. 1 2 3   4 5 6 7 8 9 10 12 13 18 17 11 15 16 14 19 
 

Date (2014.X.XX) 
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Zone A         

                    
 

   

Sub nival 
       

Alpine 
        

                 
 

Dracochephalum aucheri 
A1 1 + 2  1 .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Achillea aucheri s. aucheri 2 2 +  

+ .   .   .   .   .   .   .   . .   .   .   . .   . .  

  
 

Draba siliquosa  1 + + .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Erysimum caespitosum A11 1 1 1 .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Veronica aucheri  + + r .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Carex pseudofoetida s. acrifolia  . 1 3   . .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Astragalus macrosemius  . . 3  1 .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Catabrosella parviflora A12 . . 2  2 .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Cerastium purpurascens  . . 2  r .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Acantholimon demavendicum  . . +  + .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Onobrychis cornuta s. cornuta  . . .  . 2 3 3 3 3   . .   . 3   . +  . .   . . 
 

Minuartia lineata A2 . . .  . 1 2 1 1 1 1 1   . .   .   .   . .   . . 
 

Melica jacquemontii s. jacquemontii  . . .  . . 1 + . + 1 .   . .   .   .   . +  . . 
 

Cousinia harazensis 
A21 . . .  . 1 2 3 .   .   .   .   . .   .   .   . .   . . 

 

Polygonum rottboellioides . . .  

. . 2 + + +  .   .   . .   . +  . .   . .  

  
 

Astragalus ochroleucus A22 . . .  . . + . 2 1 1 .   . .   .   .   . .   . . 
 

Galium verum  . . .  . . . . + + . 1 1 1 1 . 1 .   . . 
 

Eryngium billardieri 
A3 . . .  . . . . . . . + 1 2 + . 1 .   . + 

 

Chondrilla juncea . . .  
. . . . . . . 2 1 . 1 1 1 +  . .  

  
 

Stachys lavandulifolia  . . .  . . . . . . . 2 1 2   . 2   . .   . 1 
 

Dactylis glomerata 
A31 . . .  . . . . . . . 2 1 .   . . 1   .   . . 

 

Dianthus orientalis s. stenicalyx . . .  

. . . . . + . 2 2 .   . . +   .   . .  

  
 

Arenaria gypsophiloides 
A32 . . .  . . . . . . . . + 2 . . +   .   . . 

 

Acantholimon erinaceum . . .  

. . 2 +  .   .   .   .   . 3 .   .   . .   . 2  

  
 

Achillea vermicularis 
A33 .   .   .   .   .   .   .   .   .   .   .   . . 2 .   . .   . 1 

 

Echinops elbursensis .   .   .   .   .   .   .   .   .   .   .   . . 2 .   . .   . .  

 
 

 

A34 
                     

Astragalus compactus . . .  . . . . . . . . 1 .   . 4 . .   . . 
 

Astragalus retamocarpus 
A34 . . .  . . . . . . . 1 2 .   . . 5 .   . . 

 

Chaerophyllum macrospermum . . .  

. . . . . . . 2   . .   . . 5 .   . .  

  
 

                       

Sophora alopecuroides A4 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . 3 . . 
 

Blitum virgatum A5 . . .  . + . +  .   .   .   .   . .   . . 1 1 4 . 
 

Taeniatherum caput-medusae  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . 3 
 

Asperula glomerata  . . .  +  .   .   .   .   .   .   .   . .   .   .   . .   . + 
 

Dendrostellera lessertii 
A6 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Gundelia tournefortii .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . .  

 
 

Cirsium congestum v. sorocephalum  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . + 
 

Buffonia oliveriana  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . + 
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A7 .   .   .   .   .   .   .   .   .   .   .   . .   .  . .   . . 

 

Echinophora platyloba .   .   .   .   .   .   .   .   .   .   .   . .   .  

. .   . .  

  
 

Tamarix ramosissima 
B1 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Anabasis setifera .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . .  

 
 

Lycium ruthenicum  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Tamarix serotina B2 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Tamarix arceuthoides  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Artemisia aucheri/Artemisia sp. 
B3 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Leptalum filifolium .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . .  

 
 

Reaumuria alternifolia B31 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Halothamnus subaphyllus B32 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Haloxylon ammodendron (cult.) B33 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Teucrium polium 
B34 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Stipa lessingiana .   .   .   .   .   .   .   .   .   .   .   . +  .   .   . .   . .  

 
 

Kaviria aucheri 
B4 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Artemisia inculta .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . .  

 
 

Acantholepis orientalis 
B41 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 

 

Pteropyrum aucheri .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . .  

 
 

Lactuca glaucifolia  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Xylosalsola richteri  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Ephedra strobilaceum B42 .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Halothamnus glaucus  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
 

Stipagrostis plumosa  .   .   .   .   .   .   .   .   .   .   .   . .   .   .   . .   . . 
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Table 1 (continued)  

Halocnemum strobilaceum C 
 

Alhagi maurorum 
C1  

Phragmites australis  

 
 

Tamarix androssowii 
C2  

Halostachys belangeriana  

 
 

Tamarix pycnocarpa 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 valesiaca  
 

Artemisia chamaemelifolia A
 

 

Z
on
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Papaver bracteatum 
 

Tanacetum polycephalum of
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ec

ie
s  
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Ziziphora tenuior  
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Scabiosa olivieri  
 

Widspeard (mostly annual species)  
 

Bromus tectorum  
 

Taraxacum species  
 

Bromus danthoniae  
 

Alyssum szovitsianum  
 

Herniaria incana  
 

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  
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Alyssum minus  
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Table 1 (continued)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
transect. The TWINSPAN clustering resulted in three main vegetation groups 
including a “high altitude zone” from 1700 to 4400 m a.s.l. (zone A), a 
“xerophytic desert steppe” from 770 to 1700 m (zone B) and finally a 
“halophytic zone” from 770 to 800 m (zone C) (Table 1). 

Zone A: High altitude zone. This zone includes subnival (plots 1–4, Fig. 
2A), alpine (plots 5–18, Fig. 2B) and montane subzones (plots 19–22) and is 
further divided into 13 communities or 7 community groups: A1) This 
includes subnival communities (4327–3974 m a.s.l., D1–4) starting from 
somewhere close to upper vegetation line of Damavand volcano and contains 
two communities. Draba siliquosa-Erysimum caespitosum community (A1.1) 
occupies poor soils largely covered by scree, gravel and rocky substrate. By 
decreasing altitude, Carex pseudofoetida-Astragalus macrosemius community 
(A1.2) occurs on slightly developed soil layer. These subnival communities 
are equivalent to the association Dracocephaletum aucheri described from the 
area (Noroozi et al., 2014). A2) The thorny cushion form alpine community 
group (2970–3613 m. a.s.l., D5–10) is dominated largely by Onobrychis 
cornuta and is divided into two communities of Cousinia harazensis and 
Astragalus ochroleucus. A3) The six plots from alpine zone form a group of 
communities of perennial grasses and perennial herbs with few thorny species 
on well-developed soil layer containing higher moisture (2437–2722 m, D11–
13, 15). This zone is subjected to intensive grazing and is locally harvested 
for fodder plants. Galium verum, Stachys lavandulifolia, Chondrilla juncea 
and Eryngium billardieri are characteristic species of this community group; 
the two latter species are indicators of overgrazed habitats. The five 
communities (A3.1, A3.2, A3.3, A3.4, and A3.5) distinguished in this group 
reflect the heterogeneity of the area mostly related to slope directions, 
substrate variability, disturbance and water supply. This group with an 
average species richness of 37 represents the most diverse zone along the 
studied transect. A4) Plot No. 16 represents a water runnel on alpine area and 
surrounding parts in an elevation of 2310 m, largely covered by the ruderal 
species Sophora alopecuroides on moist soil and species such as Thymus 
kotschyanus, Papaver bracteatum, Astragalus microcephalus, Elymus 
hispidus, and Marrubium anisodon. A5) The community of Dysphania botrys 
forms on sandy soils in remnants of a former sand mine with some other 
ruderal species such as Heliotropium europaeum and Kali tragus in elevation 
of 2402 m with very low species richness of 4. A6) Two plots from elevations 
of 1907 and 2055 (D19–20) are located near the city of Damavand on the 
hills of montane steppes which have largely been overgrazed. Taeniatherum 
caput-medusae, an invasive annual grass species not favored by herbivores 
(Clausnitzer et al., 1999), and thorny ruderal species such as Gundelia 
tournefortii and Cirsium congestum are indicators of large parts of montane 
steppes affected by overgrazing and 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
land degradation. A7) The two plots sampled from elevation of 2089 m and 
1699 m (D21–22) are also representative of wastelands in montane steppes 
which are in verge of vegetation restoration. Therefore, many species are 
Irano-Turanian indicators of wastelands such as Echinophora platyloba, 
Cousinia eryngioides, Centaurea virgata and Scariola orientalis. 
 

Zone B: Xerophytic desert and semi-desert steppe zone. This zone 
includes three main vegetation types. The first is the riverine vegetation on 
saline soils with high water table dominated by Tamarix species (B1, B2, 
plots D25 and D30). These belong to the Irano-Turanian class Tamaricetea 
arceuthoidis (Akhani and Mucina, 2015). The second and third zones 
comprised characteristic desert and semi-desert Artemisia steppe, in which 
Artemisia aucheri and Artemisia sp. occur in higher elevations (B3, mostly in 
8541520 m, plots D24, D26–29, D31) but Artemisia inculta (formerly known 
in literatures as Artemisia sieberi) dominates extreme xerophytic desert 
steppes of interior Iran (B4, 767–1040 m, plots D37–41, Fig. 2C). The soil 
type is a major determining factor in formation of plant communities in this 
area. Kaviria aucheri dominates in marly hills (B3.5, plot D23), Pteropyrum 
aucheri occurs in dry river bed (B4.1) and Xylosalsola richteri on fixed sandy 
soils (B4.2).  

Zone C: Halophytic communities. The halophytic communities occur in 
two parts of our transect. One is located in a playa near Garmsar and the 
second near the margin of Salt Playa Lake. The four plots (D33–36, 
elevations 765–787 m, Fig. 2D) are sampled from hypersaline soils in which 
Halocnemum strobilaceum is present in very species poor communities 
(species richness of only 2–4). Three community types (C1, C2, and C3) 
differ by their local habitat changes favoured by species such as Phragmites 
australis, Halostachys belangeriana, Alhagi maurorum, Tamarix androsovii 
and Tamarix pycnocarpa. 

 
4.2. Correspondence Analysis of vegetation data 
 

Fig. 3 illustrates the CA scatter plots of simplified vegetation plots. First 
tests of CA revealed that samples taken in saline soils (plots D33–  
37) act as outliers in CA scatter plots due to high coordination among them 
masking the distinctive patterns among other communities, almost all 
developed on well drained soils. This group of plots (removed from the CA) 
encompasses predominantly halophyte taxa of Zone C, described above 
(Table 1). The grouping of the remaining plots resulted from CA analysis of 
simplified vegetation data set and TWINSPAN analysis of complete data set 
largely matched each other (Fig. 3, Table 1).  

By removing the outliers from the vegetation dataset, the resulted CA 
diagram displays two main groups corresponding to Zones A, and B (Table 
1). Three subzones including subnival, alpine and montane groups are less 
clearly distinguished in CA diagram (Fig. 3). Zone A 
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Fig. 3. Correspondence Analysis scatter plots (vegetation data) for both samples and the most contributing plant taxa into the CA axis 1 and CA axis 2. Contrib: contribution color scale of both 
samples and taxa to the CA-axes 1–2 factorial plan. CA axes 1 and 2 explain respectively 15.2% and 10.1% of the total variance. 

 
includes almost all plots located on negative side of CA Axis 1 (plots D1– 
22), and Zone B includes samples located far to the positive side of both CA 
Axis 1 and 2 (plots D23–32 and D38–42). Such repartition shows a clear 
altitudinal gradient explained by both axes 1 and 2, explaining a visual arch-
effect (Guttman effect). The most contributing plant taxa in the CA scatter 
plot are Dracocephalum aucheri, Artemisia melanolepis and Bromus 
variegatus in subnival group, Poa araratica and Festuca valesiaca in alpine 
group and Centaurea virgata and Scariola orientalis in montane group of the 
Zone A shown in Fig. 3B. The most characteristic taxa in Zone B are 
Artemisia spp., various species of Chenopodiaceae, Leptaleum filifolium, and 
Erodium oxyrhynchum. In terms of altitudinal distribution, there is a clear 
separation of Zone A from B, the separation point being located somewhere 
between sample D22 and D23 in the boundary between montane and xeric 
desert steppe subzones. 

 
4.3. Surface pollen assemblages 
 
4.3.1. Pollen percentage diagram  

Altogether 80 pollen types were encountered in the 42 pollen samples of 
which only 65 types were depicted in a summarized percentage 

 
 
diagram (Fig. 4). Based on CONISS analysis of pollen percentages verified by 
visual inspection of the ecologically important taxa, five Pollen Assemblage 
Zones (PAZ) were recognized:  

Pollen assemblage zone A (plots 1–3). This pollen zone, encompassing 
samples taken from high elevations of subnival zone (N4100 m; Fig. 1D) is 
characterized by high values of Achillea/ Matricaria-type pollen (up to 65%). 
These high values are not very surprising as Achillea aucheri is the dominant 
plant in the vegetation community around plots 1 and 2 (Table 1, Fig. 2A). 
Pollen percentages of Artemisia, Poaceae, and 
Amaranthaceae/Chenopodiaceae remain low throughout the zone except for 
spectrum 3 with values of up to 43.5% of Artemisia have been encountered, 
produced by Artemisia melanolepis (Table 1). Other noticeable pollen types 
in this narrow zone especially in spectrum 3 belong to Cyperaceae (Carex 
pseudofoetida) and Brassicaceae (Draba siliquosa, Erysimum caespitosum) 
(Table 1). There is no significant amount of tree pollen including the 
cultivated trees with the exception of Pinus pollen which keeps almost the 
same values all along the transect. In summary, in this zone only few taxa are 
present but with very sporadically high pollen values with herbaceous pollen 
predominating the spectra. 
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Fig. 4. Pollen percentages diagram of a selection of pollen types encountered along the studied transect. 

 
Pollen assemblage zone B (plots 4–21). This pollen zone constitutes the 

widest segment of the transect corresponding to alpine subzone (4100–2500 
m; Fig. 1D, Table 1) and montane subzone (2500– 

 
 
1800 m; Fig. 1D). This PAZ remarkably displays the most diversified pollen 
assemblage along the whole transect. The most significant feature of this zone 
is the predominance of grass pollen (Poaceae) with values 
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Fig. 5. PCA scatter plots (pollen data) for both samples and the most contributing pollen taxa into the PCA axis 1 and PCA axis 2. PCA axes 1 and 2 explain respectively 16.4% and 9.5% of the total 
variance. 

 
ranging from 9.2% to 68.8%. Family-level pollen types of Fabaceae, 
Caryophyllaceae, Asteraceae-Cichorieae, Apiaceae, and Lamiaceae (Mentha-
type) and to some extent Polygonaceae (Polygonum aviculare-type) are also 
well represented with highest values at the transition of alpine to montane 
Irano-Turanian zones (~2500 m). The dung-associated spores of Sporormiella 
show a constant presence with their highest values all along the zone 
suggesting a strong grazing pressure. Once, the cultivated/cultivation-
associated plants (e.g. Cerealia-type and Centaurea solstitialis-type) and 
ruderal species (Plantago, Rumex, Cichorieae, and Euphorbia) are also taken 
into account, the whole zone indicates the strong human activities in the form 
of agro-pastoralism. This agro-pastoral pressure is more visible in lower part 
of the zone corresponding to montane Irano-Turanian subzone (2500– 1800 
m). To the lower part of the zone we also note the increasing 

 

 
values of cultivated trees (Juglans, Platanus, Pinus, and possibly 
Cupressus/Thuja (Cupressaceae)) showing the proximity of permanent 
habitations in villages and small towns and artificial plantations in nearby 
areas. Cousinia pollen is also well present in the zone but is more frequent in 
the spectra corresponding to upper alpine subzone. Of particular interest is the 
presence of Eremurus-type (or Sisyrinchium-type) pollen which was already 
present in subnival (samples D1–3) but reappears in the lower alpine and 
montane Irano-Turanian sub-zone (samples D15–22). The absence of 
producers of this pollen in our plots shows that this pollen type has a good 
production and dispersal in these two vegetation belts (most probably 
belonging to different species) since some Eremurus species are widely 
distributed in southern slopes of Alborz mountains (Wendelbo, 1982). 
Exceptionally high values of Plumbaginaceae and Mentha-type in spectrum 
18 as well as 
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Fig. 6. Co-inertia scatter plots displaying the degree of correlation between vegetation and 
pollen data. Shorter arrows show stronger similarities between vegetation and pollen 
assemblages. 
 
 
C. solstitialis-type in spectrum 21 can be attributed to high values of 
Acantholimon erinaceum (~30%), Thymus kotschyanus (~20%), and Cen-
taurea virgata (~30%), respectively, in the vegetation community sur-
rounding them. The latter comes from an abandoned farmland. Samples 19 
and 20 are taken from a zone, well-known for walnut cultivation, namely 
Damavand, Tehran.  

Pollen assemblage zone C (plots 22–32). This pollen zone covers the 
submontane Irano-Turanian xerophytic steppe (Fig. 1D). In this PAZ, grass 
pollen decreases drastically down to 0.8% (sample 26) while Artemisia and 
Amaranthaceae/Chenopodiaceae pollen percentages increase so that one or 
the other takes advantage in different spectra depending on their contributions 
in corresponding sampled vegetations. In general, this zone is characterized 
by dominating presence of Artemisia aucheri and different species of 
Chenopodiaceae (e.g. Kaviria aucheri, Haloxylon ammodendron, Noaea 
mucronata, Salsola rosmarinus, Halothamnus subaphyllus and so on) in the 
sampling points (Table 1). There are also high values of Filago/Senecio-type 
pollen and a significant presence of Apiaceae. Dominance of plants belonging 
to Asteraceae subfamily Asteroideae (e.g. Senecio glaucus L. and Pulicaria 
gnaphaloides) explains the increased values of Filago/Senecio-type pollen. 
Sporormiella spores exist in the whole zone although with lower values 
compared to PAZ-B, showing the grazing activities throughout the zone. 
Lower values of Cerealia-type pollen suggest that pastoral activities are more 
important than cereal cultivation. Cultivated trees (Juglans, Platanus, and 
possibly Cupressus/Thuja) also indicates the proximity of urban zones and 
habitations. Exceptionally high pollen percentages of Ephedra distachyatype 
(sample 

 
24) and Tamarix (samples 25 and 30) can be explained by presence of 
Ephedra and abundant shrubs of Tamarix, respectively, in the surrounding 
vegetation communities (Table 1).  

Pollen assemblage zone D (plots 33–37). This pollen zone falls within 
halophytic vegetation zone but inside a relatively endorheic depression (Fig. 
1D). Chenopodiaceae pollen predominates the pollen spectra of PAZ-D at 
expense of Artemisia and grass pollen. This zone has the least pollen diversity 
over the study transect. Predominance of Chenopodiaceae can be explained 
by dominance and high representation of species such as Halocnemum 
strobilaceum, Halostachys 

 
 
belangeriana, and Salsola rosmarinus developed on saline soils and mud flats 
(Fig. 2D). 

Pollen assemblage zone E (plots 38–42). Like PAZ-D, this zone falls 
within xerophytic desert steppe zone but on well drained soils (Fig. 1D). 
Chenopodiaceae pollen falls instantly from 94.7% down to 4.9% while 
Artemisia pollen increases abruptly up to 71.8% except for the last spectrum 
(sample 42) in which high amount of Ephedra pollen illustratively 
compresses the frequency of Artemisia pollen since the sample was taken in 
an Ephedra strobilacea community. As for two previous PAZs, grass pollen 
remains low while the pollen percentages of Asteroideae and Brassicaceae 
increase. High amount of Calligonum-type pollen in spectrum 38 reflects the 
major role of Pteropyrum aucheri in the vegetation community inside and 
outside the sampled plot (Table 1). Considerable amounts of Filago/Senecio 
pollen type in this PAZ comes most likely from the annual desertic species of 
Senecio glaucus which grows in the region. Likewise, the PAZ-D, 
Sporormiella spores are almost absent from most of the spectra in this pollen 
assemblage zone indicating low grazing and fairly absence of livestock due to 
long term conservation and remoteness of the region. 

 

 
4.4. PCA of pollen data 
 

Fig. 5 presents the PCA scatter plots for both samples (plots) and the most 
contributing plant taxa into the PCA axis 1 and PCA axis 2, in which the 
contributions of axes 1 and 2 to the total variance are 16.4% and 9.5% 
respectively.  

PCA analysis of pollen data set, delimits four distinct groups. Group A 
(plots 1–3) includes subnival samples which are located in negative sides of 
both PCA axes (Fig. 5A, D1–D3). The most important pollen types in group 
A are Asteraceae and Cyperaceae (Table 1, Fig. 4).  

Group B (plots 4–18), with highest pollen diversity along the transect is 
located in negative side of PCA axis 1 and positive side of PCA axis 2 
corresponding with well diversified mesic elevation steppes dominated by 
thorny cushion taxa and Poaceae. The most characteristic pollen types in 
forming group B are Poaceae, Caryophyllaceae, Lamiaceae, Fabaceae and 
Cichorieae, yet the role of Polygonum aviculare-type pollen is of secondary 
importance comparing the afore-mentioned taxa. 
 

Group C (plots 19–22) comprises four samples sitting in positive side of 
both PCA axes. This group of samples has been taken in vicinity of 
residential places and contains pollen of cultivated taxa or pollen indicating 
human activities including that of Juglans regia, Centaurea virgata 
(Centaurea solstitialis-type), Pinus, Euphorbia and Rosaceae. (Not all shown 
in Fig. 5). 
 

Group D (plots 23–32 and 38–42) lies mostly on negative side of PCA 
axis 2, entailing samples taken in Artemisia dominated thermo-xerophytic 
steppes. The most characteristic pollen types of group B are Artemisia, 
Chenopodiaceae, Ephedra and Filago (partly shown in Fig. 5).  

The anomalous positions of plot 26 in the scatter plot (Fig. 5) which loads 
highly on PCA axis 1, is due to vegetation composition coming from a barren 
gypsum substrate near a village where only less than 1 
% of the quadrat was occupied by plant taxa. This plot is dominated by 
Artemisia, Chenopodiaceae and tree pollen types (Fig. 4). 

 
4.5. Pollen-vegetation relationships 
 
4.5.1. Co-inertia analysis of pollen and vegetation data  

Co-inertia analysis was done to reveal the amount of similarities between 
vegetation composition data and corresponding pollen percentages. The 
shorter arrows indicate higher correlation between vegetation composition 
and pollen data sets (Fig. 6). The best correlation between pollen and 
vegetation data sets was found in plots 5–10, 12–13, 16–18, 21, 24, 38–39, 
and 42 whereas the least correlation was obtained between pollen and 
vegetation data sets in plots 1–4, 11, 15, 19–20, 22–23, 25–30 (Fig. 6). 
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The weak correlation between the vegetation and pollen assemblages of 

plots 1–4 (subnival communities), is due to low pollen production of many 
plant species in this zone and a significant contribution of background long-
distance transport pollen originating from a vast region. The vegetation in this 
altitude is mostly open and the area is exposed to strong multidirectional 
winds. With the exception of plots numbers 11, 15 dominated by Astragalus 
spp. and Chaerophyllum macrospermum (both are extremely 
underrepresented in pollen assemblages), the remaining alpine plots show 
good correlation between vegetation and pollen assemblages. In contrast, 
most plots found in montane zone and higher elevations of xerophytic desert 
steppe zone show a weak correlation between plant and pollen assemblages. 
This is mainly a reflection of human activities (e.g. mining, agriculture, 
animal husbandry and planting economical and ornamental plants) and higher 
diversity in vegetation resulted from habitat heterogeneity. More detailed 
studies are necessary to look for actual vegetation composition and its mirror 
in pollen assemblages. 
 

In the lowest elevations of xerophytic desert steppe zone, there is a 
relatively good correlation between plant and pollen assemblages (Figs. 1D 
and 6). As the samples from saline environments in the depressions are 
excluded from the analyses (see above), the Co-Inertia could not help testing 
the correlation of pollen assemblages and vegetation composition in this zone.  

The final results of co-inertia analysis is based on maximally covariant co-
inertia axes which are derived from principal components analysis (PCA) or 
correspondence analysis (CA) methods. Since the co-inertia axes in this paper 
were derived from CA approach, the clustering of samples in co-inertia 
diagram follows the same pattern as that of CA in Fig. 3. 

 
 
4.5.2. Pollen representation of plant taxa 
 
4.5.2.1. Trees. Although the studied transect was almost free of trees and 
large shrubs within and around quadrats (except for Tamarix and also Juglans 
regia in vicinity), arboreal pollen transported in by wind was often found but 
rarely represented in a significant amount (Fig. 4). A well-represented case is 
the Alnus pollen, coming from Hyrcanian forests indicating its high pollen 
production and dispersal (Djamali et al., 2009a). Other well dispersed 
arboreal pollen grains are those of Quercus, Carpinus, and Platanus. Tamarix 
seems to be a moderately dispersed under-represented taxon, supplying only 
6–13% of pollen assemblages where it comprises about 50% of the coverage 
(plots 25 and 30). The anemophilous cultivated tree, Juglans regia shows 
over-representation and effective dispersion. According to our findings where 
Juglans regia proportion in fossil pollen reaches 10%, one can conclude that 
walnut cultivation has taken place in the vicinity of the region, while 
extensive walnut cultivation can lead to up to 48% pollen representation in 
fossil pollen diagrams in Irano-Turanian region (see plots 19, 20 and 23). 
Pinus pollen is found in almost all plots along the studied transect but its 
frequency rises in the vicinity of cities and residential areas (Fig. 4). The 
application of our finding for interpretation of fossil pollen spectra is that 
representation of Pinus pollen from 6 to 11% shows its occurrence in the 
original vegetation and below 6% is more likely originates from remote 
dispersal. In spite of the absence of Pinus trees in natural vegetation of Iran, 
some species (e.g. P. eldarica) are widely cultivated as ornamental and 
artificial forestation in most parts of Iran in particular residential areas in 
southern and northern slopes of Alborz mountains (Djamali et al., 2016; 
Akhani et al., 2013). 

 
 
4.5.2.2. Shrubs. Ephedra shows by far, the highest pollen production and 
dispersal among shrubby species and was found with significant amounts in 
almost all plots (Fig. 4). This extreme pollen production and dispersal has 
previously been shown by some authors (Welten, 1957; Bortenschlager, 1967; 
Yuecong et al., 2005; Zhao and Herzschuh, 2009). When Ephedra is present 
within the sampling site, its pollen dominates the pollen spectra (Fig. 4, plots 
24 and 42). 

 
 

Prosopis farcta is a ruderal species and a good indicator of severely 
overgrazed areas of the xerophytic desert zone which displays a moderate 
representation in modern pollen rain. This pollen type, found exclusively in 
xeric steppes, is encountered in small numbers in the absence of the parent 
plant (Fig. 4). When the plant is present in considerable amount inside or 
around the sampled plots (less than 5%), P. farcta pollen can reach up to 
7.6% of pollen sum (Fig. 4, plot 30).  

Lycium has about six species in Iran of which only Lycium ruthenicum 
was found in our transect, inhabiting river beds, roadsides and well-drained to 
saline soils. Our pollen data suggests that Lycium pollen is poorly dispersed 
and relatively under-represented in modern pollen rain. Lycium pollen is 
found only in plot 30 where it produces 1.1% of total pollen while the parent 
plant comprises about 7% of the corresponding vegetation (Fig. 4, plot 30). 
 

Pteropyrum species are desert shrubs growing often along seasonal river 
and water runnels in desertic areas or gypsum hills of the southern parts of 
Iran, showing low to slightly moderate pollen representation. When 
Pteropyrum is present in the sampling vegetation, its pollen largely 
contributes to the pollen sum (e.g. Fig. 4, plot 38) otherwise its proportion in 
pollen assemblages is negligible (Fig. 4, compare plot 38 with the rest). 

 
 
4.5.2.3. Herbs and dwarf Shrubs. Entomophilous taxa of highlands including 
Apiaceae, Astragalus, Onobrychis, Thymus, Verbascum and Plumbaginaceae 
which alternatively play fundamental roles in high elevation vegetation only 
contribute meagre percentages in modern pollen assemblages (see Fig. 4). 
 

The family Fabaceae, as the largest family of the Iranian flora (Akhani, 
2006), is poorly represented in modern vegetation as well as in modern pollen 
assemblages from the desert steppes along our transect (Fig. 4, plots 27–42). 
However, they are well represented in vegetation of the montane to alpine 
steppes in which their role in pollen rain is highly insignificant (Fig. 4, e. g. 
plots 3–13 and 15–16). For instance, in several cases when Onobrychis 
cornuta forms more than 30% coverage in the vegetation, its contribution to 
modern pollen assemblage varies only between zero and around 1% (Fig. 4, 
plots 6–9). In the case of Astragalus spp. even the coverage percentage of up 
to 80% in the sampled vegetation represented very low pollen percentages 
(e.g. 0.2% in plot 11 and 9.5% in plot 15 (Table 1 and Fig. 4)). 

 
Apiaceae is also highly under-represented in studied transect. In a local 

stand of Chaerophyllum macrospermum with above 80% coverage, only 13% 
of total pollen belongs to Apiaceae (Fig. 4, plot 15). However, pollen 
contribution of Apiaceae in dry steppes dominated by Artemisia-
Chenopodiaceae is still far more insignificant than that of high elevation 
steppes (see Apiaceae pollen percentages in Fig. 4).  

Achillea aucheri subsp. aucheri an endemic taxon in high altitude of 
central Alborz produces Matricaria-type pollen. Although encountered 
sporadically throughout the studied transect, this pollen type is highly 
represented (90% of pollen percentages in plots with 20% vegetation cover) 
in subnival plots dominated by Achillea aucheri subsp. aucheri (Fig. 4, plots 
1–2). Apparently, this over-represented plant in pollen assemblages has a 
limited range of dispersal since its pollen suddenly vanishes in adjacent plots 
without individuals of the species.  

Several species of Cousinia grow along the transect including Cousinia 
harazensis, an endemic to Damavand Mt., Cousinia pterocaulis, Cousinia 
multiloba, Cousinia eryngioides and Cousinia cylindracea. Cousinia pollen is 
found in small amounts along the transect but it can reaches up to 11% where 
producing plant forms about 20% coverage (Fig. 4, plot 7). Apparently, 
Cousinia pollen dispersal is limited. This can be critically important since 
different species of Cousinia are rather geographically distinct, therefore 
pollen identification to species level will help climate interpretation in fossil 
pollen sequences (Djamali et al., 2012). 

 
Euphorbia represents around 74 species in Iran (Pahlevani et al., 2015), 

growing in various habitats. Only Euphorbia cheiradenia was found in our 
transect which occupies disturbed or overgrazed areas. 
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Fig. 7. Comparison of pollen ratios of Artemisia, Chenopodiaceae and Poaceae in different vegetation zones of a 3600 m elevational transect in central Iran, along with a climatic curve showing the 

changes of mean annual temperature and precipitation of five meteorological stations along the studied transect. Arrows beside each index indicate moisture correlation with respective index. 
 

 
The results of our study propose that Euphorbia cheiradenia is highly under-
represented and its pollen never exceeds 2% even in samples in which the 
plant coverage is over 20% (Fig. 4, plot 19). 

Pollen of Poaceae is found in all plots except one (Fig. 4, plot 35), 
reflecting the ubiquity of this diversified family. At present, pollen 
identification is not feasible to determine lower taxonomic ranks in grasses. 
Supposedly, different taxa show different abilities in pollen production 
making it difficult to speculate about their pollen representation. For instance 
in plot 34 where Phragmites australis covers more than 70% of the area, only 
1.7% of pollen sum belongs to Poaceae (Fig. 4). This may be partly due to 
intensive grazing or unsuitable conditions diminishing flowering of reed 
plants in the area. In plots 18 and 21, in spite of relative dominance of 
Poaceae, only 10% of total pollen is produced while in plots 4, 5 and 9 with 
almost the same coverage,  
a range of 63–68% of total pollen belongs to Poaceae (see Fig. 4). We 
suggest that not only in Poaceae but also in other taxa (including Artemisia 
and Chenopodiaceae), different species have different pollen production and 
dispersal. Furthermore, associated species could affect the amount of pollen 
representation in pollen rain assemblages. 

 
 
4.6. Chenopodiaceae/Artemisia pollen ratio application 
 

The recent classification of Angiosperm Phylogeny Group, APG VI 
(Chase et al., 2016) suggested inclusion of Chenopodiaceae into a wide sense 
Amaranthaceae. The similarity of pollen grains of some groups of 
Amaranthaceae (Amaranthoideae) with traditional Chenopodiaceae and their 
distinctiveness from other groups (Gomphrenoideae) has been known in 
literatures (Borsch, 1998; Borsch and Barthlott, 1998). In this study, we 
preferred to keep the 

 
 

 
name of Chenopodiaceae not only following most of the recent classifications 
of Caryophyllales (such as Hernández-Ledesma et al., 2015), but also because 
of the rarity of Amaranthaceae s. str. in Irano-Turanian flora. 
 

Pollen of Artemisia and Chenopodiaceae is found in all studied plots 
which proves their high pollen production and good pollen dispersal, already 
noticed by many authors (e.g. Wright et al., 1967; Moore and Stevensen, 
1982; El-Moslimany, 1990; Djamali et al., 2009c; Zhao et al., 2012). 
Regardless of high pollen production and dispersal, the Artemisia and 
Chenopodiaceae pollen frequencies in pollen rain spectra seem well reflecting 
their abundance in sampled locations (Fig. 4, Table 1). The high elevation belt 
(Zone A including subnival, alpine and montane parts of our transect) is 
represented by a rather uniform low average percentage of 6.8% of chenopod 
pollen, in spite of the fact that species of this family are absent or rarely occur 
in the vegetation. The Artemisia shows similar pattern in terms of pollen 
percentage (7.9%) but in contrary to chenopods, several species of Artemisia 
are associated with different plant communities in the high altitude 
vegetation. An interesting pattern we found in Artemisia pollen diagram is its 
higher pollen percentages in desert steppes than in high altitude plant 
communities even in plots with similar coverage. This might represent 
different pollen production and dispersal capacities of lowland versus 
highland species of Artemisia or the masking of Artemisia by the pollen of 
adjacent plants in the higher altitude vegetation. 

 
 

Another interesting result in our study is the different patterns of pollen 
percentages of Chenopodiaceae in xeric and halophytic zones. The 
extraordinarily high pollen production in euhalophytic chenopods compared 
to species in the ruderal or xeric habitats might be interpreted as a result of 
different pollen production rates in different 
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taxonomic groups. Our own field observations show that usually species of 
Salicornioideae, as the dominant species in hygrohalophytic communities, 
produce large amounts of pollen. The available data from a few coastal 
Mediterranean species belonging to the genera Atriplex and Halimione 
(Chenopodioideae), Sarcocornia and Arthrocnemum (Salicornioideae), 
Suaeda vera (Suaedoideae) and Salsola vermiculata (Salsoloideae) show a 
complex pattern that can't be used to explain the pollen representation of 
halophytic communities in the Irano-Turanian inland areas (Fernández-
Illescas et al., 2010).  

Inspection of pollen count datasets reveals that three pollen types are 
constantly present in plots including Poaceae, Artemisia and Chenopodiaceae, 
offering the possibility to use them as ecological indicators. El-Moslimany 
(1990) introduced Chenopodiaceae/Artemisia pollen ratio as an index of 
aridity in open habitats based on the hypothesis that Artemisia species require 
higher moisture than those of chenopods. In spite of the wide use of this ratio 
in palynological studies (El-Moslimany, 1990; Davies and Fall, 2001; Zhao et 
al., 2008; Van Campo and Gasse, 1993; Zhao and Herzschuh, 2009), some 
authors doubted its reliability (Yasuda et al., 2000; Herzschuh, 2007; Djamali 
et al., 2008; Zhao et al., 2012). Based on the analysis of large data sets by 
Zhao et al. (2012), the C/A ratio corresponds with annual precipitation only in 
steppe areas with annual precipitation of b450–500 mm. Additionally, they 
insisted on the requirement of careful pollen-vegetation-climate relationships 
prior to applying this index. In studies on fossil pollen from hypersaline lakes 
in NW and SW Iran, Djamali et al. (2008, 2009a), doubted the reliability of 
C/A ratio in reconstruction of climate because they found that Artemisia and 
Chenopodiaceae can coexist in the same region. They mentioned the 
importance of local edaphic conditions particularly soil moisture and salinity 
and local human effects in the formation of halophytic or ruderal communities 
of Chenopodiaceae which are not related to macro-climatic conditions. 
Furthermore, chenopod-dominated communities are important features of 
many coastal halophytic vegetation and some cultivated plants like Sugar 
Beet (Beta vulgaris), Spinach (Spinacia oleracea) or many weedy species of 
the genus Chenopodium s.l. are indicators of crop cultivation. In such cases 
high amounts of chenopod pollen is by no means an index of aridity. 
Therefore, some authors suggest the applicability of Poaceae/Artemisia pollen 
ratio as a better index of moisture availability against C/A (Liu et al., 2006; 
Djamali et al., 2009a). The C/A index has further been criticized in Artemisia 
dominated hyperarid deserts of Badain Jaran, Taklamakan and Tengger in 
western China (Yang and Scuderi, 2010). 

 
 
 

Our study shows that in plots in which Artemisia and Chenopods are 
absent, we can still see small amounts of their pollen in the pollen 
assemblages, but the C/A ratio in such plots does not show a particular pattern 
and changes randomly. However, in those plots in which Artemisia or 
Chenopodiaceae are dominated, the pollen assemblages and the C/A ratios of 
surface samples reflect their relative contribution to actual vegetation (Figs. 4 
and 7, Table 1). In Fig. 7 ratios of C/A, P/C (Poaceae/Chenopodiaceae), P/A 
(Poaceae/Artemisia) and (A + C)/P ((Artemisia + Chenopodiaceae)/Poaceae) 
are compared. The C/A and (A + C)/P ratios in xerophytic desert steppes are 
much lower than that of neighbouring halophytic vegetation despite the fact 
that macro-climatic conditions of both communities are similar. Further, the 
soil moisture of halophytic communities is much higher than that of 
xerophytic desert steppes. It is important to note that soil moisture in 
halophytic communities could not necessarily be interpreted as higher 
precipitation. The water table in low endorheic depressions and playa 
environments is usually high due to the intersection of regional groundwater 
with ground surface. The (A + C)/P aridity index was proposed by Fowell et 
al. (2003) to differentiate steppes from desert steppes. Based on this index 
values above 5 are considered as an indication of arid conditions while values 
below 5 are interpreted as indications of relatively moist steppes or forest 
steppes. Contrary to C/ A ratio, (A + C)/P aridity index well distinguishes the 
highland mesic steppes from the lowland xerophytic and halophytic steppes in 
studied 

 
 
transect (Fig. 7). Similar to C/A ratio, high values of (A + C)/P index 
corresponds to the halophytic formations, rather than indicating drier 
conditions as previously interpreted by other authors (Fowell et al., 2003; 
Zhao and Herzschuh, 2009, see also Fig. 7). We suggest that C/A ratio is 
more confident as an index to distinct the halophytic from non-halophytic 
desert vegetation, comparing to (A + C)/P (compare plot No 34 in C/A and (A 
+ C)/P graphs in Fig. 7).  

We suggest to depict pollen ratios of all the three ubiquitous pollen types 
(Poaceae, Artemisia and Chenopodiaceae) in a combined graph as a better 
tool to reflect vegetation and moisture. Fig. 7 shows that higher P/A and P/C 
ratios are good indications of high elevation mesic steppes, while higher C/A 
and (A + C)/P ratios are good indicators of xerophytic desert steppes and 
chenopod dominated saline soils. The subnival subzone is particularly of 
interest because it indicates low P/A and P/C values but variable C/A ratios 
and (A + C)/P values around 5. The poor grass vegetation and occurrence of 
alpine species of Artemisia (Artemisia melanolepis and Artemisia 
chamaelifolia) and orophilous chenopod species (Blitum virgatum) well 
explain this deviation. This finding is of great interest to locate this vegetation 
zone in the fossil pollen diagram from the Irano-Turanian mountain regions. 
It also shows that very local floristic conditions may change the general trends 
in the palynological ratios used as aridity or moisture indices. 

 
 
 
5. Conclusions 
 

Along the 3600 m elevational gradient transect from Damavand Mountain 
to Salt Playa Lake located in Irano-Turanian desert of Dashte Kavir we found: 
 
1. The pollen assemblage of subnival vegetation belt is characterized by an 

assemblage of Achillea/Matricaria-type pollen followed by Artemisia, 
Cyperaceae and Brassicaceae showing a weak correlation with the local 
vegetation. This might be due to different representation of plant taxa in 
pollen assemblages and significant contribution of background long-
distance transport pollen coming by strong winds in the region. 

 
2. The alpine and montane vegetation subzones (1800–4100 m) show the 

highest pollen diversity along the whole transect and are characterized by 
predominance of grass pollen. Pollen types of Fabaceae, Caryophyllaceae, 
Asteraceae-Cichorioideae, Apiaceae, and Lamiaceae (Mentha-type) are 
also well represented. The stronger correlation between modern vegetation 
and pollen assemblages in the alpine subzone decreases in the heavily 
disturbed places, in particular in the montane subzone. 

 
3. The xerophytic desert steppe vegetation zone is well characterized by 

drastic reduction of grass pollen and a conspicuous increase of Artemisia 
and Chenopodiaceae pollen percentages, well correspond with the actual 
vegetation. The human activities in non-protected parts of the transect 
have weakened the correlation between surface pollen assemblage and 
actual vegetation evidently due to agropastoral activities. 

 
4. The halophytic vegetation zone, showing the lowest species richness and 

the least pollen diversity over the entire transect, is characterized by 
absolute dominance of Chenopodiaceae pollen because of dominant 
chenopod vegetation. 

5.   
6. Entomophilous shrubs encountered in the studied transect including 

Prosopis farcta, Lycium ruthenicum, Pteropyrum aucheri and Tamarix spp. 
were poorly to moderately presented in pollen assemblages. Members of 
the families Apiaceae, Lamiaceae, Scrophulariaceae, Plumbaginaceae and 
Fabaceae which dominate the high elevations are very under-represented 
in modern pollen samples in Irano-Turanian region. 

 
7. The C/A pollen ratio, which has widely been used as an aridity index in 

open vegetations, is less reliable in the Irano-Turanian region. This ratio is 
informative to show the contribution of these 
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two taxa in the parent vegetation only when their pollen percentages are 
high, otherwise it shows neither the parent vegetation composition nor the 
moisture conditions. We found depicting and comparing the combined 
graphs of all four indices (C/A, P/A, P/C and (A + C)/P) better represent 
the vegetation and climate relationships. In summary, P/A and P/C ratios 
are more confident to differentiate mesic from arid steppes while C/A and 
(A + C)/P ratios provide useful tools to distinguish halophytic and non-
halophytic desert vegetation. 
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