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This  study  investigates  the role of  climate  in  determining  phytogeographic  regions,  focusing  particularly
on  the  Irano-Turanian  floristic  region  in SW  and  Central  Asia.  A  set of simple  climatic  variables  and  bio-
climatic  indices  were  used  to  prepare  climate-space  scatter  plots  and  climate  diagrams.  The climate  data
were also  subjected  to multivariate  analyses  (PCA  and  Regression  tree)  in order  to  develop  a bioclimatic
characterization  of  the  Irano-Turanian  region  in comparison  with  the  adjacent  Mediterranean,  Saharo-
Sindian,  Euro-Siberian,  and  Central-Asiatic  regions.  Phytogeographic  regions  of SW  and  Central  Asia
display  distinct  bioclimatic  spaces  with small  overlaps.  The  Irano-Turanian  region  is  differentiated  from
surrounding  regions  by continentality,  winter  temperature,  and  precipitation  seasonality.  Continentality
is  the  most  important  bioclimatic  factor in differentiating  it from  the  Mediterranean  and  Saharo-Sindian
regions  and  is  responsible  for  floristic  differences  among  sub-regions  of  the  Irano-Turanian  region.  In
our case  study,  the  Irano-Turanian  region  is  a nearly  independent  bioclimatic  unit,  distinct  from  its sur-
rounding  regions.  Hence,  it is  suggested  that the  term  “Irano-Turanian  bioclimate”  be  used to  describe
the climate  of  most  of  the  continental  Middle  East  and  Central  Asia.  Among  different  sub-regions,  the
west-central  part  of this  floristic  region  (“IT2  sub-region”)  is a  major  center  of  speciation  and  endemism.
Our  case  study  demonstrates  that climate  is  a  primary  determinant  of phytogeographic  regionalization.

Although  modern  climate  and  topography  are  strong  control  parameters  on the  floristic  composition  and
geographical  delimitation  of  the Irano-Turanian  region,  the  complex  paleogeographic  and  paleoclimatic
history  of SW  Asia  has  also  influenced  the  Tertiary  and  Quaternary  evolution  of  the Irano-Turanian  flora,
with  additional  impacts  by the  long-lasting  historic  and  present  land-use  in  this  region.  Many  Irano-
Turanian  montane  species  are  threatened  by  global  warming,  and  particular  conservation  measures  are
needed  to protect  the  Irano-Turanian  flora  in  all sub-regions.
ntroduction

Plant geographers have been aware that specific regions of the
orld are characterized by distinct ensembles of plant species, gen-

ra, and families since the early 19th Century (Willdenow, 1811),

nd have identified specific floristic regions based on these pat-
erns (de Candolle, 1820; Takhtajan, 1986). Plant geographers have
lso long recognized that geographic variations in climate exert
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ontributions to understanding of the Irano-Turanian flora, vegetation, and phy-
ogeography.
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a strong influence on plant distributions (Good, 1964; Humboldt
and Bonpland, 1807), and that climate plays a role in determining
the placement of floristic regions (Daget, 1977). However, although
many studies have tried to compare climatic or bioclimatic bound-
aries to the modern vegetation (e.g., Lauer and Rafiqpoor, 2002),
few floristic regions have been the subject of systematic climate
analysis to identify the critical climate variables that character-
ize them and to assess the relative roles of climate, physiography,
and isolation in determining their boundaries (e.g. Daget, 1977;
Djamali et al., 2011; Roumieux et al., 2010; Walter and Lieth,
1960–1967; Walter, 1974, 1976). Such studies can be useful both in
understanding the origins of phytogeographic regionalization and

in developing geographically grounded strategies for biodiversity
conservation. In this paper, we  present results of a climate analysis
of the species- and endemic-rich Irano-Turanian floristic region of
SW Asia (Rechinger 1963ff.; Takhtajan, 1986).

dx.doi.org/10.1016/j.flora.2012.01.009
http://www.sciencedirect.com/science/journal/03672530
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the entire study area (Table 1). In the second step, climate diagrams
were prepared showing mean monthly precipitation and temper-
ature values for each floristic region (Figs. 4 and 5). In the third
step, Principal Component Analysis (PCA) was  applied to the entire

Table 1
Bioclimatic parameters and indices used in this study (for Pp, Tp, Ic and Io see also
Rivas-Martínez et al., 1997, 1999).

Bioclimatic parameters
T Mean annual temperature (◦C)
m  Average of the minimum temperatures of the

coldest month (◦C)
M  Average of the maximum temperatures of the

coldest month (◦C)
Tmin Mean temperature of the coldest month (◦C)
Tmax Mean temperature of the warmest month (◦C)
P  Mean annual precipitation (mm)
Psum Mean precipitation values of three months of

summer quarter of the year
(June + July + August)

Pwin Mean precipitation values of three winter
months (December + January + February)

Paut Mean precipitation values of three autumn
months (September + October + November)

Pspr Mean precipitation values of three spring
months (March + April + May)

Bioclimatic indices
Pp Yearly positive precipitation: Sum of the mean

precipitation values of those months whose
average temperature is >0 ◦C (mm)

Tp  Yearly positive temperature (◦C): tenth of the
38 M. Djamali et al. / F

Eig (1931) and later Zohary (1950; 1973, p. 87) gave a historic
ackground of the development of the concept of the Irano-
uranian phytogeographic region. This region was first identified
y de Candolle (1820) as the “oriental region”, defined as “contain-

ng the countries bordering upon the Black and Caspian Seas”. It
as also described by Boissier (1867) in Flora Orientalis as the ori-

ntal region (“Région Orientale proprement dite”) and by Grisebach
1884) as the Steppic region (“Steppenregion”). Eig (1931) sug-
ested replacing these terms with “Irano-Turanian” to describe the
ommonly accepted geographic extent of this territory which cov-
rs the mainland of Persia (present-day Iran) and Turan.

As early as the mid-19th century, Boissier (1867) remarked
n the rich and unique flora of the Irano-Turanian Central Asia
ighlands of Iran, Turkey, and Afghanistan, describing it as the
ichest flora of the “Near” East. The floristic traits of the Irano-
uranian region meet those proposed by Takhtajan (1986) for
he definition of phytochorion rank of “region”: “high amounts
f species and generic endemism.  . . and a definite series of families
hat occupy a predominant position in the region, the quantitative
orrelations between these dominant families being relatively sta-
le”. Discussions of the Irano-Turanian flora and vegetation (e.g.
oissier, 1867; Davis et al., 1965–1988; Eig, 1931; Guest and Al-
awi, 1966; Zohary, 1973), identify the following features: (i)
carcity of forest vegetation, (ii) almost total absence of Pinaceae,
orming an approximately 2500-km gap between the Mediter-
anean and Caucasian regions in the west and the Himalayan
oothills in the east, (iii) dominance of chamaephytes (mainly dwarf
hrubs) and hemicryptophytes (mainly Poaceae), forming steppe
egetation, (iv) development of several specific taxonomic groups,
ncluding the “giant” genera Astragalus spp. (Fabaceae), Cousinia
Asteraceae), Acantholimon (Plumbaginaceae), Centaurea (Aster-
ceae), Allium (Alliaceae), Heliotropium (Boraginaceae), and Salvia
Lamiaceae), (v) high species richness (>12,000 species estimated
n Boissier’s Flora Orientalis; 9977 species have been reported in
lora Iranica which covers Iran, Afghanistan and parts of N Iraq
nd E Pakistan (Akhani, 2006)), (vi) high endemism (exceeding
5%), (vii) high diversity and complex specialization of Chenopo-
iaceae, especially in desertic and sub-desertic areas mainly in the
uranian region (e.g. presence of chenopod trees such as Haloxy-

on ammodendron and many C4 chenopods): Akhani et al. (1997),
nd (viii) very high “species irradiation” (i.e., the penetration of
ts floristic elements into neighboring regions). This last charac-
eristic led Zohary (1973) to name the Irano-Turanian region as

 “donor” of species to the “recipient” neighboring regions of the
aharo-Sindian and Mediterranean. Many infiltrations of the Irano-
uranian elements have been reported in the floristic analyses
f the Saharo-Sindian and Mediterranean regions (e.g. Al-Nafie,
008; Davis et al., 1965–1988; Eig, 1931; Guest and Al-Rawi, 1966;
éonard, 1993; Zohary, 1973). In southern Iran, such infiltrations
re so important that Akhani (2007) proposes the extension of the
rano-Turanian region further to the south. Here a broad overlap-
ing with species from the Sahara-Sindian realm is observed, e.g.
ate-palms are found up to Torud, Eastern Iran (Breckle, 2004).
ccording to the delineation of White and Léonard (1991),  the

rano-Turanian floristic region comprises some 6,730,000 km2.
In spite of extensive floristic investigations in different parts of

he Irano-Turanian region, the causal factors of its establishment
nd maintenance remain obscure. These factors include climate and
he physiographic setting of the region, which probably interacted
o influence floristic development during the geological history
f SW Asia. This paper is aimed at the following questions: (1)
oes the Irano-Turanian region stand out uniquely in climate

hase-space compared to surrounding floristic regions? If so, what
nique combinations of ecologically relevant climate variables dis-
inguish the Irano-Turanian from surrounding regions? (2) Can
he Irano-Turanian bioclimatic and phytogeographic regions be
07 (2012) 237– 249

used interchangeably? (3) Are there synoptic-scale climate pat-
terns that dictate the position of the Irano-Turanian region? (4)
What are the relative roles of climate and topography in account-
ing for the Irano-Turanian region? (5) Are the boundaries of the
Irano-Turanian region stable through space and time, or have they
shifted in response to global climatic oscillations of the Quaternary
period? (6) What lessons can be drawn for conservation of Irano-
Turanian biodiversity in a changing world, especially concerning
the strong land-use change?

Materials and methods

We defined a study area between 15◦ to 55◦N and 20◦ to 90◦E,
centered on the Irano-Turanian region but also including consid-
erable parts of the neighboring floristic regions (Fig. 1). Within
this region, we  drew the boundaries of the four major phytogeo-
graphic regions following the map  by White and Léonard (1991),
inset in their Fig. 2) which is based on extensive floristic works of
Léonard (1981–1989). These boundaries were then digitized using
the GIS software GRASS Version 6.4.0 (http://grass.itc.it/). The basic
climatic values, including monthly temperature and precipitation
values were then extracted for 2.5 arc-minute resolution pixels for
each of the delineated regions, using the Worldclim dataset that
cover the period from 1950 to 2000 (http://www.worldclim.org/).
We further calculated a number of bioclimatic parameters and
indices, yielding a total of 14 climatic and bioclimatic variables
(Table 1). We  selected the four bioclimatic indices for this study
(Table 1; lower part) because they have been successfully used
to delimit the phytogeographic boundaries of the Mediterranean
region (Rivas-Martínez et al., 1997, 1999), and proved most useful
in characterizing the Irano-Turanian region in our analyses.

In order to compare the bioclimatic characteristics of the
Irano-Turanian realm to the adjacent regions, four steps were
undertaken. First, a series of climate space scatter plots were pre-
pared (Figs. 2 and 3), using both climatic and bioclimatic values for
sum of the mean temperatures of those months
whose average temperature is >0 ◦C (◦C)

Ic  Simple continentality index: Ic = Tmax − Tmin

Io Ombrothermic index: Io = (Pp/Tp) × 10

http://grass.itc.it/
http://www.worldclim.org/
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ig. 1. Phytogeographic subdivisions of SW and Central Asia with adjacent areas m
n  the inset picture.

ata set (fourteen climatic variables listed in Table 1) to identify the
ain bioclimatic features separating the Irano-Turanian, Mediter-

anean, Saharo-Sindian, Central Asiatic and Euro-Siberian regions
Fig. 6). In the fourth step, we analyzed the dataset using regression
ree analysis, in order to illustrate the degree of statistical simi-
arities between different phytogeographic regions (Fig. 7), and to
efine the variables that best characterize the separation of the

ndividual regions (Breiman et al., 1984). All statistical analyses and
ata presentation were performed in R (R Development Core Team,
010).

esults

ioclimatic description of the phytogeographic regions of SW
sia

Four among fourteen variables analyzed in this study (Pwin:
inter precipitation, Psum: summer precipitation, m:  average of

he minimum temperatures of the coldest month (◦C), Ic: conti-
entality index; Table 1) were chosen to graphically discriminate
etween floristic regions and sub-regions (Figs. 2 and 3). Scatter
lots of these variables and mean climate diagrams for each region
ere used to represent moisture-related (Fig. 2) and temperature-

elated (Fig. 3) features and the seasonal distribution of climatic
ariables for each region (Fig. 4). For each phytogeographic region,
ata from a representative meteorological station were used to
onstruct an ecological climate diagram (Fig. 5). Fig. 4 portrays the
patial and inter-annual variations of climate factors within each
egion, while Fig. 5 shows typical seasonal patterns at an individual
ite representative of each region.

uro-Siberian region
The Euro-Siberian region is an immense territory covering the

ntire European continent (except the Mediterranean margins) and
orthern Eurasia from the Atlantic (W)  to the Pacific (E) Oceans.
nly the SW part of this region is included in our analysis (Fig. 1).
he Euro-Siberian region is characterized by the widest range of
ummer and winter precipitation (Fig. 2a). However, precipitation

s evenly distributed throughout the year in the entire region. The

ost characteristic features of the average climate diagram of the
uro-Siberian (Fig. 4a) is the lack of any dry month (P < 2T) and also
he relatively uniform distribution of precipitation during the year
d from White and Léonard (1991).  The original map  of the latter authors is shown

with a modest peak in the summer (see also the ecological climate
diagram of Kiev; Fig. 5a).

Mediterranean region
Only the easternmost parts of the Mediterranean region, cov-

ering SE Europe, Middle East and N Africa were analyzed in this
study (Fig. 1). In Fig. 2b, the strongly bi-seasonal precipitation char-
acteristic of the Mediterranean region is clearly apparent, with
most precipitation concentrated in winter (Fig. 2b). The amount
of winter precipitation varies considerably across the region. The
Mediterranean region displays very low continentality values and
high temperature minima for the coldest month (Fig. 3b). It has one
pronounced dry season, (P < 2T) which lasts for about four months
(Figs. 4 and 5b). Precipitation is highly variable both spatially and
interannually (see the small box plots of monthly precipitation in
the climate diagrams).

Saharo-Sindian region
Most of the eastern and some parts of the central Saharo-Sindian

region were investigated in this study. Overall, the Saharo-Sindian
region shows high spatial variation in precipitation, particularly
during summer months (Fig. 2c). Winter precipitation is highest
near the northern limits of the region (close to the Mediterranean
and Irano-Turanian regions). The Saharo-Sindian region has a low
continentality index, and the highest winter minimum tempera-
tures in the entire study region (Fig. 3c). It has a longer dry season
(P < 2T) than the Mediterranean region, which may last almost all
months of a year (Figs. 4 and 5c).

Central-Asiatic region
We  analyzed the western section of this region (Fig. 1), which is

characterized by receiving much of its precipitation during summer
(Figs. 2 and 4d). It is characterized by very low winter tempera-
ture minima but has the widest range of the continentality index
(Fig. 3d). The climate diagrams of the Central-Asiatic region dif-

fer considerably from those of the Euro-Siberian region in that
they exhibit a distinct dry season that may  last for several months
(Fig. 5d). Both monthly precipitation and temperature are lower
than in the latter region (Figs. 4 and 5d).
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Fig. 2. Climate space diagram representing the summer versus winter precipitation for different phytogeographic regions. Grey points represent the whole climatic space and
d eters.
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ark  colored points represent the intersection of two mean values for climatic param
sum: summer precipitation (June–August); ES: Euro-Siberian; M:  Mediterranean;
ub-regions. I represents the sum of the four IT subregions.

rano-Turanian region
The Irano-Turanian region as a whole shows great spatial varia-

ion in winter versus summer precipitation, but occupies an almost
pposite climate space compared to the Euro-Siberian region (com-
are Fig. 2i with Fig. 2a). The IT1 sub-region, which includes Syria,
orthern Jordan, and northwestern Iraq, shows a climate space sim-

lar to the Mediterranean region but with lower summer rainfall
compare Fig. 2e to Fig. 2b) and slightly more continentality in some
arts (compare Fig. 3e to Fig. 3b). The dry season is also longer
ompared to the Mediterranean region (Figs. 4 and 5d). The IT2
ub-region comprises most of Iran, Armenia, Azerbaijan, interior
urkey, northern Iraq, Afghanistan, and parts of Turkmenistan and
akistan. It is less similar to the Mediterranean, with lower win-

er precipitation and slightly higher summer precipitation in some
reas (compare Fig. 2f to Fig. 2b). It also has low winter temperature
inima and a higher continentality-index (Fig. 3f). To the north-

ast (Turkmenistan, Uzbekistan, Kazakhstan and most parts of
 Each point represents a 2.5′ × 2.5′ pixel. Pwin: winter precipitation (January–March);
haro-Sindian; CAR Central-Asiatic; IT: Irano-Turanian; IT1 to IT4: Irano-Turanian

Tajikistan and Kyrgyzstan), the IT3 receives still less winter pre-
cipitation but comparable summer rainfall as IT2 (Fig. 2g). The
easternmost IT sub-region IT4 (Hindu Kush and Tien Shan Moun-
tains, Pamir plateau, and eastern parts of both Tajikistan and
Kyrgyzstan) has an intermediate precipitation pattern between the
IT3 sub-region and the Central-Asiatic region, with slightly wetter
summers (compare Fig. 2h to Fig. 2d and g).

The Irano-Turanian region displays a wide range of varia-
tions in both winter temperature minima and continentality
index values (Fig. 3e–i). The Irano-Turanian sub-regions IT1 to
IT4 show progressively higher continentality index values and
lower winter temperature minima from west to east (Fig. 3e–h,
Fig. 4e–h = IT1 − 4).
The Irano-Turanian region (Fig. 4) displays seasonal patterns
similar to the Mediterranean region, but with several important
differences: (i) often lower annual precipitation, (ii) lower win-
ter temperatures (except for IT1), (iii) slightly higher summer



M.  Djamali et al. / Flora 207 (2012) 237– 249 241

Fig. 3. Climate space diagram representing the average of the minima of coldest month versus the continentality index for different phytogeographic regions. Grey points
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epresent the whole climatic space and dark colored points represent the intersectio
ontinentality Index (◦C); m: Average of the minimum temperatures of the coldest m

T:  Irano-Turanian. I represents the sum of the four IT subregions.

emperatures, thus a distinctly higher continentality, and (iv) often
 longer dry season (P < 2T) lasting for 5 to 7 months (except for IT4).
he different Irano-Turanian sub-regions exhibit contrasting sea-
onal climate patterns (Fig. 4e–h). While sub-region IT1 is similar
o the Mediterranean bioclimate with a longer dry season, the IT4
ub-region is very similar to the Central-Asiatic region [compare
ig. 4d (IT4) and h (CAR)], and in contrast to the other sub-regions
s characterized by summer-rains.

omparison of the Irano-Turanian region with its
eighboring regions

rincipal component analysis

Principal Component Analysis was applied to a matrix consisting

f the fourteen bioclimatic values listed in Table 1 for each pixel in
he study region. The results show that the Euro-Siberian, Mediter-
anean, Saharo-Sindian, Irano-Turanian, and Central-Asiatic region
o  mean values for climatic parameters. Each point represents a 2.5′ × 2.5′ pixel. Ic:
◦C); ES: Euro-Siberian; M:  Mediterranean; SS: Saharo-Sindian; CAR: Central-Asiatic;

have different bioclimatic characteristics and occupy contrasting
spaces in the PCA scatter plots, but with some overlap between
neighboring regions/sub-regions (Fig. 6a–i). The results also help
determine which climatic parameters characterize the individ-
ual regions (Fig. 6j). PCA Axis-1 score (60.3% of variation) is
explained by temperature-related parameters (positive values)
and the ombro-thermic index (negative values). The latter index
expresses the moisture availability during the growing season
(Rivas-Martínez et al., 1997). PCA Axis-2 (22.2% variation) is
explained by precipitation-related parameters (positive values)
and the continentality index value (negative values). The PCA Axis-
1 and Axis-2 scores are mapped to illustrate the relative importance
of different PCA loadings in different parts of the region to give an

idea of the spatial variation in controlling factors Fig. 6k–j).

Although the Irano-Turanian region, as a whole occupies a
large portion of the PCA phase space (Fig. 6i), and overlaps with
some of the neighboring regions, its sub-regions (IT1 to IT4) are
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ig. 4. Average climate diagrams for different phytogeographic regions. Box plots
down  to top) of monthly precipitation. Solid line represents the mean monthly tem

axima. See the Results for the description of the diagrams.

ell-separated along a gradient almost totally explained by the
ontinentality index (compare Fig. 6e–h to Fig. 6j). The decrease
n PCA Axis-2 scores from east to west in Fig. 6l is largely explained
y this index (Fig. 6j). It is possible that the overlapping of IT2
ub-region with the Mediterranean region (compare Fig. 6f with
ig. 5b) is due to the high autumn–winter–spring precipitation in
he Zagros-Taurus Mts. in the NW part of this sub-region, which
how a similar precipitation regime to the Mediterranean region.

The continentality index is the most fundamental bioclimatic
actor in the differentiation of SW Asian phytogeographic regions.
t separates the Central-Asiatic region and Irano-Turanian sub-
egions IT3 to IT4 with highest continentality values from the
editerranean, Irano-Turanian sub-region IT1 region, the Euro-

iberian region and vast areas of the Saharo-Sindian region. IT2 has
n intermediate position between the above two sets of regions.
emperature-related parameters are very important in differenti-
ting the Saharo-Sindian region from the other regions (compare

ig. 6c to Fig. 6j). Fig. 6k illustrates this fact on the map. This is also
vident by comparison of average climate diagrams of the Saharo-
indian region with other regions, the former region showing the
ighest monthly temperatures (Figs. 4 and 5c).
sent the minimum, first quartile, median, second quartile, and maximum values
ures and dashed lines represent the mean of the monthly temperature minima and

Regression tree
Regression-tree analysis is a predictive, non-parametric sta-

tistical method that identifies and estimates threshold values of
variables most important in clustering of data sets (Breiman et al.,
1984). This analysis was applied to the fourteen bioclimatic val-
ues calculated for the five phytogeographic regions and the results
are presented in Fig. 7. The regression tree (Fig. 7) indicates that
the mean minimum winter temperatures (m,  Table 1) greater than
8.5 ◦C differentiate the Saharo-Sindian region from all other floristic
regions (Fig. 7). Lower summer precipitation (Psum < 117.5 mm)  fol-
lowed by a lower positive temperature index (Tp < 61.8, see Table 1
for definitions) differentiate the Irano-Turanian and Central-Asiatic
regions from the Euro-Siberian region (Fig. 7). The Central-Asiatic
floristic region is also separated from the Mediterranean and
western Irano-Turanian sub-regions by substantially lower win-
ter precipitation (Pw ≥ 24.5 mm,  compare also climate diagrams
in Fig. 4). The most significant climatic factor that renders the

Irano-Turanian region distinct from the Mediterranean region is
the continentality index, with a threshold value of ≥20.85 separat-
ing the Mediterranean region from the west-central Irano-Turanian
sub-region IT2 (Fig. 7). Higher threshold values of this index are
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Fig. 5. Examples of ecological climate diagrams for a given meteorological station in each of the biogeographical regions. Diagrams are based on data available in the official
w .org) e
O ve hu
p

a
r

D

B

t
i
a
J
t
(
w
s
t
r
(
p
I
d
M
t
i

ebsite of Global Bioclimatic Classification System (http://www.globalbioclimatics
rganization (http://www.irimo.ir/). Hatched and dotted areas indicate the relati
erhumid period (>100 mm).

lso the major distinguishing factor of separating IT2 and IT3 sub-
egions as well as the IT4 sub-region from Central-Asiatic region.

iscussion

ioclimate of the Irano-Turanian region and its sub-regions

Results of this study, based on both climate diagrams and sta-
istical techniques, demonstrate that the Irano-Turanian region
s bioclimatically distinct from neighboring regions. It has gener-
lly low mean annual precipitation (284 mm),  hot summers (mean
uly temperate = 23.9 ◦C), cold winters (mean January tempera-
ure = 6.7 ◦C, mean minimum temperature of the coldest month
January) = −11.7 ◦C), high continentality index (Ic = 30.7), and
inter-dominated precipitation seasonality with a subordinate

pring phase of rainfall which may  occasionally exceed that of
he winter (Fig. 4i). The high continentality of the Irano-Turanian
egion is also evident in the bioclimatic maps of Lauer and Rafiqpoor
2002), which are based on the duration (number of months
er year) of hygric and thermic vegetation periods. Although the

rano-Turanian climate overlaps with surrounding regions, it has

istinctive features (Figs. 2, 3 and 5a–i). It is separated from the
editerranean region by the higher continentality index, and from

he Euro-Siberian region by the lack of summer rainfall and precip-
tation less evenly distributed across the seasons. Its climate is less
xcept for the station of Mehrabad in Tehran, which is from the Iran Meteorological
mid and arid periods, respectively. The grey color in Urfa diagram (b) shows the

continental and its precipitation is winter- rather than summer-
dominated compared to the Central-Asiatic region. Finally, it differs
from the Saharo-Sindian region by much lower winter tempera-
tures, higher winter precipitation and higher continentality.

Subdivision of the Irano-Turanian region into sub-
regions/provinces has long been a matter of debate (e.g. Zohary,
1973; White and Léonard, 1991). However, one common feature
of all proposed subdivisions is longitudinal zonation from west
to east. Except the “Mauritanian steppes” province of Zohary
(1973) in NW Africa, all other sub-regions/provinces are situated
in the Middle East and Central Asia and circumscribe similar
territories – i.e. a westernmost unit centered around the Syrian
Desert, a central unit centered around the Iranian plateau, an
eastern (northeastern) unit centered around the Aral Sea, and an
eastern/northeastern unit encompassing the Mongolian steppes
and western Himalaya/Hindukush – (White and Léonard, 1991).
The results of regression-tree and PCA analyses (Figs. 6 and 7)
all indicate that continentality is the major ecological factor in
differentiating these sub-regions, with an increasing trend towards
the east.

The west-central unit of the Irano-Turanian region, which has

been treated under different names and has been given both sub-
region and province ranks (Irano-Anatolian province of Zohary,
1973; IT2 sub-region of White and Léonard, 1991) merits a more
detailed account. It is perceived as the regional center of plant

http://www.globalbioclimatics.org/
http://www.irimo.ir/
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Fig. 6. (a–i) PCA scatter plots showing the PCA Axis-1 against Axis-2. Grey data represent the PCA Axis-1 and Axis-2 scores for each 30′ × 30′ geographical window for the
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hole  study area and dark colored points represent the same values but for diffe
cores on the map  of SW and Central Asia and surrounding areas.

peciation and endemism and the best representative of the Irano-
uranian floristic region (Guest and Al-Rawi, 1966; Léonard, 1993;
akhtajan, 1986; Zohary, 1973). It also displays the highest diver-
ity of physiognomic types, including forests, scrubs, alpine and
ub-alpine grasslands and steppes, tragacanthic montane steppes,
esert steppes, and diverse halophytic communities (Guest and
l-Rawi, 1966; Klein, 1994; Zohary, 1973). IT2 has a very distinc-

ive bioclimate. It has a continentality index intermediate between
editerranean region, Saharo-Sindian region and IT1 sub-region in

he west, and IT3, IT4, and Central-Asiatic regions in the east. The
ifferences between the Irano-Turanian and Mediterranean regions
uggest that IT2 should be excluded from the “Mediterranean Iso-
limatic Area” of Daget (1977) in order to be included in a new
ioclimatic area with a new designation, e.g. the “Irano-Turanian
ioclimate” (see also above, the comparison of the IT region with the
ther regions). The IT4 sub-region has a similar bioclimate to the
entral-Asiatic region (e.g.m Fig. 4d, h), with an overall dry climate
haracterized by extremely high continentality and a summer-
ominated precipitation regime. Flora and vegetation of the Tibetan
lateau (Central-Asiatic region) and eastern Pamir (southern sec-
ion of IT4) are also similar to each other, characterized by poor
emi-desertic steppe vegetation that is dominated by cushion-like

rano-Turanian plants including Astragalus,  Krascheninnikovia, Thy-
acospermum, among others (Takhtajan, 1986). Takhtajan (1986)
uggests that the conmparatively poor flora of the Tibetan plateau
∼1000 species), is relatively young. Summer precipitation may
hytogeographic regions. (j–l) Maps showing the values for PCA Axis-1 and Axis-2

be too low to modify the floristic composition of the IT4 and
Central-Asiatic regions, while Irano-Turanian plants are adapted to
a generally winter-dominated precipitation regime. The low win-
ter precipitations in IT4 sub-region is well reflected in the pertinent
ecological climate diagram of Fig. 5h. The summer rains in the IT4
sub-region may  also explain the substantial amount of southern
Siberian floristic elements which are particularly more frequent in
its northern parts. Fig. 7 suggests that the IT4 bioclimate is closest
to the Central-Asiatic and then to the Euro-Siberian bioclimate, a
similarity pattern also observed in the floristic composition of these
regions.

Bioclimatic and biogeographical areas: a matter of confusion

Two challenges arise in spatial analysis of phytogeographic
units: delineating consistent criteria for demarcation, and identify-
ing underlying causal factors. The first issue is particularly difficult.
The delineation may  be based exclusively on floristic analysis, with
assignment of phytogeographic affinities to the plants found in an
area or defining the “phytogeographic elements”. Many biogeog-
raphers recommend this as the only reliable delimiting criterion
of floristic regions, and advise against using climate, geomorphol-

ogy and vegetation for floristic zonations (e.g. Takhtajan, 1986).
Examples of such phytogeographic delineations can be found in
the intensive floristic works of Léonard (1981–1989) in the Iranian
deserts and White and Léonard, 1991; White (1976, 1979, 1983;
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T1  to IT4.

hite and Léonard, 1991) in Africa, which led to the proposition
f precise floristic zonations for these regions (White and Léonard,
991).

However, phytogeographic delineations are often based on dual
onsideration of floristic and climatic patterns (e.g. the Köppen-
eiger classification, see Peel et al., 2007). In this approach, authors
se their knowledge of the flora of a region together with the

nferred or presumed bioclimatic requirements of the flora to delin-
ate floristic boundaries. Examples include the phytogeographic
onations of SW Eurasia and N Africa by Eig (1931) and later Zohary
1973). Eig’s pioneering book on the phytogeography of the Near
ast even begins with a descriptive chapter on the climatic analy-
is of regions corresponding to the Mediterranean, Irano-Turanian,
nd Saharo-Sindian regions, with floristic analyses in subsequent
hapters. Zohary (1973, p. 78) in the “Geobotanical Foundations of
he Middle East” states that: “In delineating a biogeographical region,
eliable boundary lines must be sought. As a first step, we turn to
limatic zones, which are objectively delimited areas, based on empir-
cally obtained data.” Both authors clearly appeal to the relatively
omogenous climatic conditions in the phytogeographic regions
f SW Asia, including the Irano-Turanian region. Their phytogeo-
raphic subdivisions are therefore mingled with climate-based
ntuition or assumption.

One of the rationales underlying this approach is that the
oundaries between climatic zones and floristic units show close
oincidences in many areas. The best correlations between phy-
ogeographic hierarchical classes and climatic zones are observed

n the phytochorial level of “region”. For instance, the good match
etween the Mediterranean floristic region and a “Mediterranean-
ype” of climate has long been established by many plant ecologists
nd climatologists (e.g. Quézel and Médail, 2003; Rivas-Martínez
geographic regions with Irano-Turanian region taken as four separate sub-regions

et al., 2004). Some authors have gone even further by establishing
hierarchical climatic classification systems in which some higher
hierarchical classes correspond to the floristic regions and lower
classes correspond to the vegetation physiognomic units (Rivas-
Martínez et al., 1997, 1999). It is worth noting that not only some
phytogeographers looked for climatic correlation to their subdi-
visions, but also some climatologists constructed their systems of
climates based on vegetation types (e.g. Köppen and Geiger, 1936).

In descriptions of the Irano-Turanian region by phytogeogra-
phers and botanists (e.g., Boissier, 1867; Eig, 1931; Guest and
Al-Rawi, 1966; Zohary, 1973), several distinct climatic features
emerge: (i) low annual precipitation, (ii) winter-dominated pre-
cipitation, iii) prolonged summer drought, (iv) extreme seasonal
and diurnal temperature variations (i.e., high continentality), (v)
biseasonal plant dormancy, and (vi) extremely low air humidity
and the near-absence of dew. Many of these features were also
demonstrated by the bioclimatic analysis presented in this paper.
It seems that the good geographical correspondence between the
afore-mentioned climatic features and the Irano-Turanian floristic
region has led to confounding of the Irano-Turanian bioclimatic and
biogeographical units. In this paper, we  show that such a correlation
fits, with a good approximation, with the Irano-Turanian region.
However, other floristic regions may  not correspond so closely
with climate regions. For example, confusion is also seen in the
bioclimatic and biogeographical literature for the Mediterranean
region; some authors propose the distribution of certain Mediter-
ranean plants (e.g. Olea europaea) or vegetation types (sclerophylls)

as the boundaries of the Mediterranean phytogeographic region,
while others suggest a combination of purely climatic parameters
for the definition of the Mediterranean region (e.g. Blumler, 2005;
Daget, 1977). However, depending on different bioclimatic criteria
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roposed for the definition of the Mediterranean bioclimate, its
urface area may  vary in the order of magnitude of several million
quare kilometers (see maps in Daget, 1977; Roumieux et al., 2010).
ence, care should be taken to avoid confusing biogeographical and
ioclimatic areas. Phytogeographic boundaries should be purely
ased on the changes in floristic composition instead of bioclimatic
radients and boundaries.

egional atmospheric-circulation controls on bioclimate of
he Irano-Turanian region

Bioclimatic characteristics of the Irano-Turanian and surround-
ng regions are, to a large extent, dictated by the modern regional
tmospheric circulation pattern over Eurasia. The climate of this
rea is controlled by a complex interplay between the North
tlantic Oscillation, Sub-tropical Anticyclone, Indian Monsoon, and
iberian Anticyclone. Several large water bodies (Black Sea, Persian
ulf, and Caspian Sea) have a local impact on the general circula-

ion pattern by modifying temperature and precipitation regimes
Alijani and Harman, 1985; Ghasemi and Khalili, 2008; Walters and
joberg, 1988). Most precipitation in Middle East and Central Asia
alls during winter months and is brought by westerly disturbances
Alijani and Harman, 1985), which become increasingly depleted in

oisture as they move eastward into Central Asia. During winter
onths, the Siberian Anticyclonic Circulation usually strengthens

nd extends far to the south, changing the direction of westerly
torm tracks and preventing moisture transport into the continen-
al inland of Central Asia and the Middle East (e.g. Aizen et al.,
997; Gong and Ho, 2002). It is second only to the Arctic Oscillation
s a cause of temperature decline in Eurasia and the continental
iddle East (Ghasemi and Khalili, 2006; Gong and Ho, 2002). In

he northwestern parts of the Irano-Turanian region, a significant
recipitation phase also occurs during the spring due to the west-
ard movement of westerly depressions bearing moisture from

he Mediterranean and Black Seas (Stevens et al., 2001). Precipi-
ation from this storm track is assisted by increased convection in
W Iran and E Anatolia caused by rapidly increased surface heating

e.g. Alijani and Harman, 1985; Domroes et al., 1998). During sum-
er  months, the Indian Summer Monsoon brings much moisture

ver the Indian sub-continent but does not penetrate into the con-
inental Middle East and Central Asia. Rodwell and Hoskins (1996,
001) propose a monsoon-desert mechanism through which the
sian monsoon region induces a Rossby-wave pattern that causes
trong air descent over the southern flanks of westerlies in the
id-latitudes of SW Asia and N Africa. This pattern explains why

he Iranian Plateau and much of Central Asia are dominated by
 strong subtropical anticyclonic circulation during the summer
onths and are deprived of monsoon rainfall. Indeed, Zarrin et al.

2010) demonstrate that the Iranian Plateau is a preferable location
f summer anticyclones in the middle and upper troposphere.

The lack of a dry season and the peak of summer rainfall in
he Euro-Siberian region (Figs. 2a and 4a)  shows that this region
s affected almost all year, especially in summer, by westerly dis-
urbances loaded with moisture from the Atlantic Ocean. In the
outheastern extension of the Euro-Siberian region, in northern
ran and the Caucasus (Fig. 1), weaker penetration of westerlies
n summer is compensated by moisture provided by the Caspian
nd Black Seas. The long summer drought in the Mediterranean,
rano-Turanian, and Saharo-Sindian regions is explained by the

onsoon-desert mechanism (Rodwell and Hoskins, 1996, 2001),
hich deprives these regions of both monsoon and westerly rains

Fig. 2b, e–i, Fig. 4b, e–i). The higher summer rainfall in parts of

he IT2 sub-region compared to the Mediterranean region (Fig. 2f)
an be explained by slight maritime effects of the Caspian and
lack Seas in NW Iran and E Turkey. The proximity of the Mediter-
anean region to the Mediterranean Sea and the Atlantic Ocean
07 (2012) 237– 249

and dampening of the Siberian Anticyclonic circulation (Lingin and
Michaelides, 2009) explains the higher annual rainfall in this region
compared to the Irano-Turanian region (Fig. 4b, i). The eastward
decreasing winter precipitation due to moisture depletion of west-
erly depressions and a blocking effect of the Siberian Anticyclonic
Circulation can be retraced from west to east in climate diagrams
of the Mediterranean, IT1, IT2, IT3, IT4, and Central-Asiatic regions,
successively (Fig. 4). The continentality index also increases in the
same west-to-east direction, corresponding with increasing dis-
tance from the oceans and seas (Fig. 1). Despite being located in the
rain-shadow of the Himalayas, the Central-Asiatic region and the
IT4 sub-region receive substantial summer rainfall in their southern
parts from monsoonal outliers which can exceed the winter mois-
ture brought by westerlies (Fig. 4d, h). In its northern part, the IT4
sub-region receives summer rains that are most probably linked to
the westerly disturbances. The extremely low winter temperatures
in Central Asia and IT4 results from two  factors: (i) the extremely
high elevation of these regions (particularly the Tibetan and Pamir
plateaus and Tien Shan and Altai ranges), and (ii) their proximity to
the domination center of the Siberian Anticyclone (centered about
90◦E and 50◦N) – Gong and Ho, 2002, (Fig. 1).

Climatic versus topographic determinism of the
Irano-Turanian region

As argued earlier, the Irano-Turanian region has a characteristic
bioclimatic identity which can be constrained by average climate
values. The climate surface diagrams (Figs. 2 and 3) indicate that
the region occupies a large environmental space expressed mainly
in the IT2 sub-region, which forms an intermediate zone between
the neighboring regions (Fig. 2i, Fig. 3i, Fig. 6f). Responsible factors
may  be (i) the transitional nature of biogeographic boundaries and
the presence of Irano-Turanian isolates within adjacent regions; (ii)
heterogeneous topography composed of an array of low elevated
plains and high mountain ranges, and (iii) the transitional climatic
context of the whole Irano-Turanian region (see the previous sec-
tion).

Biogeographic boundaries are determined by the interplay
among climatic history, topographic features, and modern cli-
mate. Gradual and wide transitional zones are more frequently
encountered in areas with lower topographic relief such as
the Irano-Turanian to Saharo-Sindian transition in southern Iran
(Léonard, 1993; Akhani, 2007) and the Irano-Turanian to Euro-
Siberian transition in the Central Asian plains (Zohary, 1973).
These areas also mark the very gradual transitional zones
between monsoon and ‘Mediterranean-type’ climates (S) and
‘Mediterranean-type’ and NAO/Siberian Anticyclonic-dominated
climates (NE). In contrast, topographic barriers and breaks may
sometimes correspond to sharp boundaries between two biogeo-
graphical regions (e.g. Akhani, 1998; Klein, 1994). One of the most
prominent examples for such boundaries can be found in northern
Iran where the high Alborz mountain system sharply separates the
Hyrcanian forest (Euro-Siberian region) in the north from the Irano-
Turanian montane steppes in the south. However, this transition,
which may  be only a few kilometers wide (Djamali et al., 2009), also
coincides with a sharp climatic boundary (e.g. in Golestan National
Park in NE Iran; Akhani, 1998) suggesting that here the topogra-
phy exerts its influence on the flora by separating different climate
systems.

Apart from creating barriers, topographic heterogeneity can cre-
ate very diverse habitats along altitudinal gradients, contributing
to high species diversity and endemism (Qi and Yang, 1999). In a

synthetic analysis of the species diversity distribution of Cousinia,
a typical Irano-Turanian giant taxon, Knapp (1987) shows that the
highest diversity is concentrated in areas with highest topographic
heterogeneity. The role of topographic setting in speciation has,
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o far, received little attention by phytogeographers (Coblentz and
iitters, 2004; Qi and Yang, 1999). Topographic heterogeneity can

ncrease the degree of isolation of plant populations and thereby
llopatric speciation. It is very likely that this factor has been one
f the most important causes of the high speciation rate in the
rano-Turanian region (Djamali et al., 2012). Topography is con-
rolled mainly by tectonic history. The Irano-Turanian region has

 complex topography (Fig. 1) due to its complex tectonic his-
ory (Berberian and King, 1981; Stöcklin, 1968). The topographic
ontext of SW Asia has been similar to the present-day since the
ate Miocene with a general increase in aridity and continentality
Strömberg et al., 2007). It would therefore have provided a suitable
hysiographic context for the development of the Irano-Turanian
ora. Complex glacial-interglacial cycles have affected the vege-
ation and flora of the region during the Quaternary period (e.g.
jamali et al., 2008; Kuhle, 2008; van Zeist and Bottema, 1977;
right, 1961). However, the evolutionary impact of Quaternary cli-
atic oscillations on the Irano-Turanian flora is very poorly known.

hylogenetic and phylogeographic studies of the Irano-Turanian
iant taxa compared and contrasted to paleobotanic and paleoeco-
ogical records are needed to understand this response.

hytogeographic boundary shifts in response to climate
hange

Floristically defined phytogeographic units are principally based
n the geographic distributions of individual taxa or the associa-
ion of several taxonomic groups (Takhtajan, 1986). On the other
and, it is now broadly recognized that species respond to cli-
ate changes at timescales of 102–104 yr mainly by changing their

eographic ranges (e.g. Jackson and Overpeck, 2000; Webb, 1986).
owever, the speed and complexity of response may  greatly vary
epending on taxa or the time scale considered (Prentice, 1986;

ackson et al., 2009). Recently, it has even been demonstrated
hat the geographic ranges of some plant taxa have been chang-
ng due to recent anthropogenic global warming (e.g. Thomas,
010; Walther, 2010). The floristic regions may  conceivably be
s dynamic as their constituent plant taxa in response to climate
hange. The nature of this dynamism should be similar to that
f their constituent plants, including their characteristic floristic
lements. Many factors, including topographic barriers and topo-
raphic heterogeneity, can substantially modify the nature of the
esponse of floristic elements to climate change (Dawson et al.,
011; Ritchie, 1986). For example, the physiographic context of
he Irano-Turanian region is quite different from western North
merica and central Europe. Whereas the major mountain ranges

n North America are north-south oriented and no conspicuous
opographic barrier is found in central Europe, the main mountain
anges of the Irano-Anatolian plateaus and Central Asia have a more
omplex geographic pattern with a prevailing W-E  and NW-SE ori-
ntation. Hence, the classical pattern of latitudinal migration of
lant populations and communities of eastern North America and
urope has most probably not been similar for the Irano-Turanian
egion. In the mountain systems of the Irano-Turanian region, the
ertical movements of species have been more significant than the
orizontal range expansion/contractions. Such substantial vertical
ovements of vegetation belts have already been discussed for the

nterpretation of fossil pollen assemblages of Lake Zeribar in NW
ran (van Zeist and Bottema, 1977).

The typical big taxonomic groups of the Irano-Turanian region
e.g. Astragalus and Cousinia, Acantholimon)  comprise species living
n very diverse habitats with substantial vertical range variations, a

ituation brought about by the complex topography of the Mid-
le East and Central Asia. Many species which belong to these
igher taxa are local endemics adapted to very narrow ecological
iches and are mainly distributed in areas with high topographic
7 (2012) 237– 249 247

heterogeneities (e.g. Knapp, 1987). The low latitude of the Irano-
Turanian region and the opportunities afforded by topography
for species to respond to climate change by elevational migra-
tion suggests that the floristic aspects of the Irano-Turanian flora
were less affected by late Quaternary glaciations compared to the
Mediterranean and Euro-Siberian regions (Djamali et al., 2012).
Glacio-geomorphologic studies indicate that the snowline was sub-
stantially higher than in the European mountains, leaving a wide
altitudinal range for plant species to colonize (Kuhle, 2008). Paleoe-
cological studies in other topographically heterogeneous regions,
particularly in western North America, show that many plant taxa
survived Quaternary glaciations and interglacial warming by ver-
tical displacement along altitudinal gradients (Thompson, 1988).
For example, packrat midden records show that extinction events
were local in scale, with species populations persisting in suitable
habitats nearby (e.g., Jackson et al., 2005). Xerophytic low shrubs
and non-woody herbs in western North America, which are also
the dominant life forms in the Irano-Turanian region, seem to have
had a higher capacity to survive environmental changes in situ com-
pared with many woody species, which migrated elevationally or
regionally (Jackson et al., 2005; Thompson, 1988).

Biogeographic evidence suggests that Irano-Turanian floristic
boundaries shifted laterally during the Quaternary. Many Irano-
Turanian floristic elements and even veritable Irano-Turanian
territories are found bounded within the Mediterranean region
today (e.g. Blondel et al., 2010; Davis et al., 1965–1988; Eig,
1931; Zohary, 1973). Irano-Turanian floristic elements are well-
represented on many eastern Mediterranean islands (Carlström,
1987) and even in the western Mediterranean region (Médail,
2010). This disjunct distribution pattern suggests that the Irano-
Turanian flora might have been much more extensive during the
Quaternary glacial periods and probably in the Pliocene. Their
overall xerophytic character makes them potentially invasive
species under natural climatic aridification or anthropogenic dis-
turbance of plant ecosystems. Blondel et al. (2010) introduced
the term “Zohary’s law” after Zohary (1962) to designate that
in anthropogenically disturbed and floristically simplified ecosys-
tems, plants from more xeric areas (e.g. Irano-Turanian) colonize
more mesic areas (e.g. Mediterranean). Prior to the intensifica-
tion of human activities in the Holocene (particularly grazing), the
increased climate aridity during the long-lasting glacial periods
could have favored the regional expansion of the Irano-Turanian
flora in SW Eurasia and N Africa. The present Mauritanian Artemisia
steppes in NW Africa (Zohary, 1973) and many Irano-Turanian relict
populations in adjacent phytogeographic regions, may  be rem-
nants of glacial Irano-Turanian–like steppe landscapes, expanded
by increasing post-glacial grazing pressure. New paleobotanical
studies indicate that some high-altitude Irano-Anatolian elements
(e.g., Celtis tournefortii, Juniperus cf. excelsa) may  have expanded
into SE Europe during the last glacial period (Magyari et al., 2008).

The above evidence indicates that, apart from considerable
altitudinal movements, the boundaries of the Irano-Turanian floris-
tic region may  have shifted during Quaternary glacial-interglacial
cycles, especially toward the Mediterranean and Saharo-Sindian
regions. These biogeographic boundaries are currently situated in
areas of low relief (see IT-SS boundary in Fig. 1) or are oriented
perpendicular to mountain ranges (see IT-M boundary over the
Anatolian plateau in Fig. 1). Shifts in these boundaries took place in
response to the geographical shifts of climatic boundaries such as
the Inter-tropical Convergence Zone (ITCZ) in the south and south-
east (Fleitmann et al., 2007) and variations in the relative strength
of mid-latitude circulation systems such as the Siberian Anticy-

clone and westerlies (Vanderberghe et al., 2006). Both of these
climatic shifts have deeply affected the flora and biomes of the
Irano-Turanian region (Djamali et al., 2010). Such boundary shifts
are facilitated in areas with flattened topography such as northern
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entral Asia, southern Iran, and the Mesopotamian plain, but are
ore complicated in the mountain areas. Difficulties in phytogeo-

raphic boundary determination in southern Iran (Akhani, 2007;
éonard, 1993) may  thus be explained by the repeated northward
nd southward shifts of the ITCZ during the Quaternary glacial-
nterglacial cycles.

mplications for conservation biogeography

The “donor” character of the Irano-Turanian floristic region
Zohary, 1973) signifies that it can serve as a genetically rich
ource area for surrounding regions after periods of biodiver-
ity loss (e.g., Quaternary glacial periods). The vast range of the
rano-Turanian region, although appearing homogeneous in phys-
ognomy, is extremely rich in taxonomic and genetic diversity,

ith high beta-diversity within major vegetation types. Many of
he Irano-Turanian endemic species are found in the Alpine zone,
etween 3000 and 4000 m (Noroozi et al., 2008). Particularly dur-

ng recent decades this zone has been strongly disturbed by human
ctivities, sometimes leading to spread of high-altitude desertifica-
ion (Breckle and Wucherer, 2005). Recent paleoecological studies
n the high mountain areas of Central Asia suggest very early human
ctivities, possibly as early as 8.8 ka BP, and strong modification of
andscape and its flora due to grazing activities (Miehe et al., 2007;

iehe et al., 2009a,b).
Cold-resistant species may  respond to warming by upward

ange shifts. Hence, global warming may  pose a threat to survival
f many of these species, because their upward movement may
e limited in: (i) areas with moderate elevations (2000 to 3000 m
.s.l.) where higher-altitude habitats for a future warmer world
re lacking (e.g. Iran and Turkey) and (ii) in areas in which high-
ltitude habitats have been disrupted or are under strong pressure
Afghanistan, Tajikistan, Kyrgyzstan). Detailed floristic works and
hylogeographic studies will be useful to determine areas of high
riority for species and genetic conservation.

onclusion

Our study demonstrates that climate is a primary determinant
or phytogeographic regionalization. Topographic context, geo-
ogic history, and climatic history are also important factors in
etermining the floristic features and the nature of boundaries of
oristic regions. The Irano-Turanian region forms a distinct bio-
limatic area in SW and Central Asia and can be defined by a
mall ensemble of climatic parameters (continentality index, win-
er temperature, precipitation seasonality). The west-central part
f the Irano-Turanian region (Irano-Anatolian province or IT2 sub-
egion) is the best representative of the Irano-Turanian territory,
ith both climatic and floristic aspects overlapping minimally
ith surrounding regions. While phytogeographic and bioclimatic

egionalizations should be determined independently, we suggest
hat the term “Irano-Turanian bioclimate” can be used to describe
he climate of the region as well as approximately circumscribing
he Irano-Turanian floristic region. It is a more appropriate term
han “Mediterranean-type climate”, which is commonly used by
arth and life scientists to describe the climate of a major part of
he Middle East and Central Asia. The Irano-Turanian climate is far

ore continental than typical Mediterranean climates and displays
ifferent seasonality patterns of precipitation.

We  have shown that regional atmospheric circulation patterns
n SW Eurasia determine the dominant bioclimatic characteristics

f the biogeographical regions as well as the sub-regions within
he Irano-Turanian region. The complex tectonic history of SW
sia has created and maintained a heterogeneous topography in
W Asia since the late Miocene, fostering allopatric speciation in
07 (2012) 237– 249

topographically isolated habitats and resulting in the high species
diversity and endemism of the Irano-Turanian region. The modern
biogeographical configuration of SW Eurasia suggests that the
floristic limits of the Irano-Turanian region shifted significantly
during the Quaternary period. The role of late Quaternary climatic
oscillations on the evolutionary aspect of the Irano-Turanian
flora remains unclear and deserves further paleoecological,
paleoclimatic, biogeographical, and phylogeographic study.

The “donor” character of the Irano-Turanian floristic region, by
which new species disperse into neighboring regions after episodes
of biodiversity loss, renders it particularly important from a con-
servation standpoint. Protection of the Irano-Turanian flora should
be given urgent priority by governments and organizations of the
various countries that host major evolutionary centers of the Irano-
Turanian region.
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