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Abstract Land management and biodiversity protec-
tion are highly dependent on ecosystem classification.
To identify the ecosystems, often ecologically homoge-
nous areas are distinguished based on physical and
biological features at various scales. These areas can
also be considered as biodiversity surrogates for protec-
tion policies and planning. We classified the terrestrial
areas of Iran into ecosystems using revised and updated
layers of landform and climate as our two main criteria.
Moreover, we applied a revised vegetation layer as the
confirmatory criterion. At a scale of 1:1,000,000, we
obtained a total of 119 homogenous ecological units,
and based on the dominant vegetation types, we
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classified them into 21 terrestrial ecosystems at the
national level. Of these ecosystems, 11 were dominated
by vegetation, and the remaining 10 had sparse non-
dominant vegetation. Evaluation of the least and most
frequent ecosystem patches and ranking of their size
classes using landscape metrics provided an information
basis for better land protection planning. We maintain
that each ecosystem needs to be represented by a
protected area and its size and distribution also helps
us form a comprehensive and effective protection net-
work in Iran.

Keywords Terrestrial ecosystem classification - Land
protection planning - Representative areas - Iran

Introduction

Ecosystems are the result of interaction between the
physical and biological factors and function under the
impact of material and energy exchange which often are
affected by the human activities (Chapin et al. 2002;
Pickett and Cadenasso 2002; Cardinale et al. 2012).
Land management and biodiversity protection are high-
ly dependent on the definition of ecosystems (Bennett
2004; Jennings 2006). Ensuring ecosystem diversity at
different spatial scales of protected areas has been em-
phasized by the International Strategies of Biodiversity
Protection and Sustainable Development. The Conven-
tion on Biological Diversity (1992), European Habitats
Directive (1992), Pan European Biological and
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Landscape Diversity Strategy (1996), and the European
Landscape Convention (2000) have all underscored the
diversity of environment, ecosystems, and landscapes.

It is almost impossible to describe completely the
biological communities that exist in the ecosystems, and
as such, mature and prevailing vegetation types are usu-
ally used as a representative feature or surrogate of the
ecological conditions of each ecosystem. Besides, vege-
tation cover has a relatively stable distribution and gen-
erates habitat resources for different species. If satellite
imagery is used and vegetation composition is defined in
the process, then the vegetation mapping becomes highly
dependent on the structural features that can be derived
from this data sources. However, the compositional data
are less available, and land cover extracted from satellite
images is often used as their surrogate in ecosystems
studies. To represent ecosystems, the vegetation mapping
should incorporate structural and compositional features
and vegetation communities. In other words, vegetation
mapping in its physical environment is considered to be a
good surrogate for ecosystem boundary determination
(Frisk 2014; Sayre et al. 2014).

In recent years, different approaches have been adapted
for ecological land classification, ecological units’ deter-
mination, and ecosystems identification, and the research
is still ongoing. Ecological land classification identifies
land units based on their homogeneity in terms of physical
and biological resources at different scales (Loveland and
Merchant 2004; Bailey 2005; Rankin et al. 2010). The
land units provide a geographical framework relevant to
the environmental topics for ecological boundaries
(Omernik 2004), and, especially, these units are consid-
ered as surrogate of different aspects of biodiversity which
can effectively be used in support of the protection poli-
cies (Pressey et al. 2000; Oliver et al. 2004).

The protected areas are normally thought to be rep-
resentative samples of large ecosystem units. It is obvi-
ous that the efficiency of the unified land protection is
only possible with an effective management of the
protected areas comprised of ecosystems at the national
level. Through developing a network of protected areas
in each country, besides supporting the ecological struc-
ture of the identified ecosystems, the ecological diversi-
ty of that country will be also supported more effective-
ly. For Iran, we can find ecosystem classifications pro-
vided at different spatial scales and varied aims. Accord-
ing to Udvardy (1975), Bailey (1996), Olson et al.
(2001), and Sayre et al. (2014), Iran consists of three
biogeographical provinces, three terrestrial eco-regions,
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18 terrestrial eco-regions, and 865 ecological land units,
respectively. Javanshir (1976) identified five floristic
regions, Djamali et al. (2011) recognized three macro-
bio-climates, and Yusefi et al. (2019) introduced nine
biogeographical units for Iran. However, no study has
been undertaken so far on ecologically homogenous
land units of Iran at the spatial scale of this study using
the revised and updated data layers, as these new data
sources have become available or amenable to genera-
tion. Our land classification is different from other land
classification systems in Iran in terms of study scale, the
criteria, and methodology used. Hence, we aimed at
providing an objective oriented ecosystem-based map
for the ultimate goal of conservation planning and land
monitoring at the national level. We seek to clarify the
issue of ecosystems units and their classification across
Iran. Our paper is grounded on extensive literature re-
view and many expert discussions on the appropriate
criteria for ecological land classification in Iran.

Material and methods
Study area

The Iranian plateau is a specific geographical unit of
mountainous highlands formed in southwest of Asia
following the young folding in the third geological era.
This vast highland includes a considerable part of Iran, a
part of central Asia, Afghanistan and Pakistan, Iraq, as
well as a part of northern lands; and it is adjacent to the
Tibetan Plateau in the east and Anatolia Plateau (Asia
Minor) in the west (Minaee 2002).

With a land area of about 1,632,210 Km?, Iran is
placed between 44° 02 to 63° 09 eastern longitudes and
25° 03 45 to 39° 46 30 northern latitudes (Jafari 2012).
In terms of biogeographical situation, Iran includes three
biomes of the 14 biome types of Udvardy’s classifica-
tion (Udvardy 1975). Three prominent realms of Pale-
arctic, Afrotropic, and Indomalayan influence natural
characteristics of Iran.

Ecologically, Iran land has two major landscapes:
desert and mountain. Two mountain ranges of Alborz
and Zagros encompass the two central plains of Iran,
with key effects on the climatic conditions of the coun-
try. Remarkably, the encounters of the topographic and
climatic features are two chief factors of forming biodi-
versity. Altitude ranges from -26 to 5671 m above sea
level, and the annual average temperature ranges from 8
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to 55 °C. Due to these varieties, many fauna and flora
species inhabit Iran (Rahnemai 2014). How to define
homogenous areas among this rich fauna and flora has
been and still is a question of debated research.

Criteria

Researchers have applied ecosystem classification for
conservation using different factors such as climate,
landform, geology climate, vegetation, and management
(Table 1). In spite of global classifications with different
aims for Iran, there are limited studies in this field at the
national level.

Based on literature review, expert judgments, avail-
able data, and considering diversity and complexity of
the geographical and ecological conditions of Iran, we
selected two main criteria for ecosystem classification
including climate, as climate type using climatic classes,
and /and, as landform composed of elevation and slope
classes. Here, we added vegetation criterion; using dom-
inant vegetation type indicator, as a confirmatory crite-
rion, meaning the ecological land units thus recognized
should also correspond to vegetation units.

The climate can be considered as the most effective
factor in shaping the content and evolution of the eco-
systems (Bailey 1996). In fact, it is the most important
factor in formation of land, formation and evolution of
soil, and distribution and evolution of plants and ani-
mals. Therefore, in similar climatic conditions, similar
landscapes are witnessed, which indicates that the eco-
logical conditions are repeatable (Woodward et al. 2004;
Neishabouri 2013). Also, literature review strongly sug-
gests that the climate is the main driving factor in
forming the main biomes of the planet. The studies of
Holdridge (1967), Udvardy (1975), and Walter and Box
(1976) have placed biomes classifications inside the
climatic boundaries.

After climate, topography, represented by landform
in this study, is the key and determining factor for
ecosystem’s establishment and stabilization (Bailey
1996). The landform can be classified according to the
various features of the earth’s surface. However, what
makes the landform so important is its function in
forming the terrestrial ecosystems. The ruggedness and
elevation variations can change many environmental
factors and affect climatic conditions. High altitudes
can change meteorological patterns and the distribution
of weather elements (Najafikani 2002). Elevation fluc-
tuation and changes in distribution of vegetation on

different slopes and aspects are factors that create the
mosaic of communities in the ecosystem (Ardakani
2003). The study of Singers and Rogers (2014) has
confirmed the role of these two factors in the formation
of the ecosystems.

In regions where climate and landform are responsi-
ble for the creation, development, evolution, and stabil-
ity of the soil, the vegetation is dominant in the land-
scape. Since the evolved and viable vegetation is the
result of climate and landform function, vegetation can
be considered as the representative of these two criteria.
Moreover, in regions with mature and dominant vege-
tation, green cover provides an important criterion to
draw the boundary of the ecosystems. Usually, the
boundaries of the regions determined based on vegeta-
tion are consistent with landform units and the main
topography of the region (Bailey 1996). Madjnoonian
(1995) suggests that in lands with vegetation cover,
examining, measuring, and mapping the ecosystems
should be carried out through identification of the prom-
inent vegetation components and vegetation units. The
concept of climatic impact on vegetation has been used
frequently as a basis for large-scale zoning of the eco-
logical regions (Herbertson 1905; Udvardy 1975;
Walter and Box 1976; Bailey 1980). Here we see two
main factors: climate and landform and the interplay
between the two. As such, we have focused on these
factors for ecosystem classification.

Methods

We attempted at identifying large-scale land units
(ecosystems) of Iran based on the ecological features
to provide a basis for future protected area management
and other issues such as land use planning.

We took three steps in this study. Firstly, we mapped
selected criteria, and, secondly, we conducted map over-
lays for identifying terrestrial ecosystems, and, thirdly, we
analyzed and described the structure of ecosystems thus
identified using landscape metrics of the ecological units.

Data layers

Climate

To classify Iran climates, different methods are used
with small differences, but many similarities. According

to the modified Koppen climate classification system,
there are four climatic categories in Iran (Ganji 2003).
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Table 1 Ecological criteria for land classification and ecosystem mapping

Criterion Sub-criterion

Source

Level of study

Climate Climate elements/climate types

Bio-climate

Land Landform/physiography/ geomorphology

Soil

Lithology

Land cover

Geology
Geo-climate Biogeographical regions
Environmental provinces

Vegetation Vegetation types
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Pressey et al. 2000
Fairbanks and Benn 2000
Leathwick et al. 2003
Galicia-Herbada et al. 2011
Terauds et al. 2012
Capotorti et al. 2012
Martinez-Tilleria et al. 2017
Statistics Canada 2018
Sayre et al. 2014

Blasi et al. 2014
Sanderson et al. 2015
Pressey et al. 2000
Fairbanks and Benn 2000
Leathwick et al. 2003
Galicia-Herbada et al. 2011
Terauds et al. 2012

Sayre et al. 2014

Blasi et al. 2014

Capotorti et al. 2012
Sanderson et al. 2015
Canu et al. 2015

Statistics Canada 2018
Statistics Canada 2018
Fairbanks and Benn 2000
Leathwick et al. 2003
Sanderson et al. 2015
Galicia-Herbada et al. 2011
Terauds et al. 2012

Sayre et al. 2014

Capotorti et al. 2012

Maes et al. 2013

Sayre et al. 2014

Blasi et al. 2014
Martinez-Tilleria et al. 2017
Pressey et al. 2000
Pressey et al. 2000
Pressey et al. 2000
Pressey et al. 2000
Fairbanks and Benn 2000
Benson 2006

Carranza et al. 2008

Sayre et al. 2009

Kusbach 2010

Blasi and Frondoni 2011

Territorial
Territorial
National
National
Regional
National
National
National
Global
National
National

Territorial

Regional

Territorial
Territorial
National
Territorial
National
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Table 1 (continued)

Criterion Sub-criterion Source Level of study
Capotorti et al. 2012 -
Singers and Rogers 2014 National
Reddy et al. 2015 National
Blasi et al. 2017 National
Martinez-Tilleria et al. 2017 -
Statistics Canada 2018 -
Phytogeography Blasi et al. 2014 -
Blasi et al. 2018 National
Management Land tenure Pressey et al. 2000 -

Major administrative boundaries
Land use

Pressey et al. 2000 -
Pressey et al. 2000 -

The classifications of Gaussen and Emberger have re-
vealed 12 and 14 climatic regions for Iran, respectively
(Vakilinezhad et al. 2018); in contrast, according to the
De Martonne’s classification, seven climatic regions are
distinguished for Iran (Rahimi et al. 2013). The extend-
ed De Martonne’s method is the mostly preferred by
Iranian climatologists (GhorbanizadehKharazi and
ChelemalDezfulnejad 2014; Ghorbani et al. 2016);
hence, its use in our study.

In the De Martonne’s classification which is based
on the aridity index, the factors average annual

Table 2 Climate types of Iran

precipitation and average annual daily temperature
are considered. Moreover, in the extended method,
the arid class is further divided into two other sub-
classes of extra arid and arid, and also based on the
third factor which is mean daily minimum tempera-
ture in the coldest month of the year, each climatic
class is classified into four sub-climates. The layer of
the climatic classes in this study was prepared at the
scale of 1:1,000,000 which showed 30 classes for
Iran (Table 2 and Fig. 1 in the Supplementary
Material S1).

Temperature index

Mean daily minimum temperature in the coldest month (°C)

Aridity index
<7 =7-0 0-5 >5
Extra cold Cold Moderate Warm
Extra arid 0-5 Extra arid-Extra cold Extra arid-Cold Extra arid-Moderate Extra arid-Warm
01) 02) (03) (04)
Arid 5-10  Arid-Extra cold Arid-Cold Arid-Moderate Arid-Warm
(05) (06) 07) (08)
Semiarid 10-20 Semiarid-Extra cold Semiarid-Cold Semiarid-Moderate Semiarid-Warm
(09) (10) (1) (12)
Mediterranean 20-24 Mediterranean-Extra cold Mediterranean-Cold (14) Mediterranean-Moderate (15) Mediterranean-Warm (16)
(13)
Semi humid ~ 24-28 Semi humid-Extra cold Semi humid-Cold (18) Semi humid-Moderate (19) Semi humid-Warm (20)
(17)
Humid 28-35 Humid-Extra cold Humid-Cold Humid-Moderate Humid-Warm
(21) (22) (23) (24)
Per-humid A 35-55 Per-humid A-Extra cold  Per-humid A-Cold (26)  Per-humid A-Moderate 27) -
(25)
Per-humid B >55  Per-humid B-Extra cold  Per-humid B-Cold (29)  Per-humid B-Moderate (30) —
(28)

Figures in parentheses represent map codes
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Fig. 1 The steps taken in this study
Landform

Using SRTM 90 m DEM layer resampled to 500-m
resolution, elevation and slope classes were prepared,
converted to vector format, and overlaid in ArcGIS
10.2 to form the main landforms of Iran. The landform
thus acquired consisted of six categories including low-
lands, low plains, medium plains, high plains, hills, and
mountains (Table 3).

Vegetation type

The vegetation type was used to identify and confirm
the boundaries of the ecosystems in Iran. The layer of
Iran’s vegetation types at the scale of 1: 250,000 includ-
ing 185 forest types with an area of around

Table 3 Main land form classes of Iran

Slope <8% > 8%
Elevation variation
<=500 Near sea Lowland (LL") Hill (HI)
Far from the Low plain (LP)
sea
500-2000 Far from the Medium plain Mountain
sea (MP) (MO)
>2000 High plain (HP)
*Map code
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17,000,000 ha and 376 range types with an area of about
85,000,000 ha was prepared by the Research Institute of
Forests and Rangelands of Iran in the year 2015. These
data were revised and edited using views of the experts
of the relevant organizations with high field experience
and doubly checked to ensure consistency and accuracy.

Ecological land classification and identification
of the ecosystems’ boundaries

After preparation of the layers landform, climatic
classes, and vegetation types, the landform and cli-
matic classes’ layers were overlaid to derive the main
ecological land units of the country (Fig. 1). Then,
for each ecological land unit polygon, information
was extracted on vegetation type and its percentage
area. In the process, the multi-conditional function in
Excel was used and the dominant type of each poly-
gon was identified, assessed and coded for vegetation
presence or absence.

Using the existing phytogeographic and vegetation
type classifications of the country (Supplementary
Material S2) and also experts’ opinion, the polygons
with dominant vegetation were grouped based on the
similarity of the vegetation types. The ecosystems’
boundaries were determined based on these ecological
land units, and the ecosystems with dominant vegetation
were identified. Other polygons with sparse, or no
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Fig. 2 Main landforms of Iran in 6 categories (a). Area percentage of landforms (b)

vegetation were also classified into homogenous groups
based on their land-climate characteristics.

The classification of vegetation types and their place-
ment in specific ecosystems was carried out hierarchi-
cally using vegetation type, climate, altitude, and pre-
cipitation. Based on the vegetation type, we assigned

polygons to ecosystems and then through climate and
altitude factors, and with the aid of precipitation, the
affinity of each polygon to a defined ecosystem was
evaluated and confirmed.

We followed the standards for naming and the plant
species locations offered in reference books such as A
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Fig. 3 Ecological units including 119 unique units with special landform and climate

Dictionary of Iranian Plant Names by Mozaffarian
(1996). The recognized ecosystems contain several
polygons (patches) located in different parts of the
country. Evenness of ecosystems distribution in terms
of their area and number of patches was analyzed using
box plots and quartile indices.

Results

Below, the results of this study are presented for land-
form, ecological units, and terrestrial ecosystems.

Landform

According to our results, Iran is mainly covered by
medium plains with moderate altitude and slopes less
than 8% (48% of the land) enclosed in the western
and southern parts with sloping highlands of Alborz
and Zagros mountain ranges. Lands with low altitude
and gentle slope are located in the form of vast low
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plains (e.g., Dasht-e Kavir and Dasht-e Lut) and also
appear as two lowlands in the northern and southern
margins (21% of the country is low plains and low-
lands). In addition to the two main mountain ranges
covering 26% of the country, the northeast, central,
and southeast mountains can also be taken into ac-
count. Five percent of Iran land area is high plains
that are mostly located along mountain areas. Also,
the hills often appear in the form of narrow strips
between the lowlands and the highlands, which oc-
cupy only a very small area of the country (1%) (see
Fig. 2).

Ecological units and terrestrial ecosystems
at the national level

Overlaying the landforms with climatic zones formed
119 unique homogenous units, which contain around
6000 polygons (Fig. 3). The largest unit has an area of
254,000 ha, and the smallest one has an area of 1005 ha
(Table 3 in Supplementary Material S3).The minimum
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and maximum number of patches of unique ecological
units composed of 1 and 497 patches, respectively.
These are considered as basic units for identifying
ecosystems.

Polygons of homogenous ecological land units com-
prising 21 ecosystems were grouped into two categories
of those with dominant vegetation (11 ecosystems) and
those with sparse or no vegetation (10 ecosystems, here
called land-climate ecosystems). Figure 4 shows loca-
tion of these ecosystems, and in Table 4 and Fig. 5, a
short description of each ecosystem is given. Also
Figs. 6 and 7 are presented for better understanding of
the relationship between distribution of ecosystems and
macroclimate-land units.

The naming of the ecosystems with dominant vege-
tation was based on the vegetation form and type of the
dominant climate, while those without vegetation were
named based on landform and type of the dominant
climate. The cold desert steppe ecosystem is the most
extensive terrestrial ecosystem and covers nearly one-
quarter of the country. Then cold and arid semi-steppe

scrublands and grasslands (19.8%), arid scrublands and
halophytes (16.2%), warm and arid shrublands and
scrublands (14.3%), and finally, arid and semi-arid for-
ests (4.9%) are the largest ecosystems in Iran, respec-
tively. In contrast, the warm desert bare hill mountains
(0.02%) were the ecosystems with the lowest area. In
terms of the number of patches, the semi-steppe ecosys-
tem has the largest number of patches, distinctly differ-
ent from other ecosystems (Table 4).

The distribution of the ecosystems in terms of area and
the number of patches is shown in Fig. 8. As shown in
Fig. 8 b, the area of the ecosystems has an asymmetrical
distribution and tends toward larger areas. Ecosystems
with an area greater than the median (about
2,500,000 ha) occupy 96.5% of the country. The areas
above the upper quartile and also those between the
minimum and the first quartile belong to the ecosystems
that need further examination and study (marked with
color in Table 4). The asymmetrical distribution of the
numbers of the ecosystems’ patches can also be seen in
Fig. 8 d, where distribution tends to the larger number of
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Table 4 Quantitative characteristics of terrestrial ecosystems in Iran

Code Ecosystem Name 1:‘.“1':; lt):ll; Area (ha") ?,;: )a Dominant Vegetation Type
Ecosystems with Dominant Vegetation
01 Humid&Semi-Humid Forests Ecosystem 7 2,491,605 1.54 Carpinus betulus
02 Arid&Semi-Arid Forests Ecosystem 34 7,930,617 491 Quercus brantii
03 Cold-Desert Woodland&Shrublands Ecosystem 177 4,831,572 2.99 Amygdalus spp.
04 Warm-Desert Woodland&Shrublands Ecosystem 89 2,762,792 1.71 Haloxylon sp.
! Moderate-Desert Woodland&Shrublands Ecosystem 19 319,888 0.20 Acacia tortilis
06 Arid Scrubland&Halophytes Ecosystem 77 26,176,599 16.21 | Artemisia sieberi — Salsola spp.
07 | Cold-Desert Steppe Scrubland Ecosystem 142 40,641,863 | 25.16 | Artemisia sieberi — Zygophyllum sp.
- Cold&Arid Semi steppe Scrubland&Grasslands Ecosystem 238 32,036,352 19.83 | Astragalus spp.
09 Warm&Arid Shrubland&Scrublands Ecosystem 32 23,141,047 14.33 | Taverniera spp. — Tephrosia sp.
10 Cold&Humid Prairies Ecosystem 2 1,333,318 0.83 Trifolium spp.
11 Cold&Humid Cushion Scrublands Ecosystem 44 2,097,823 1.30 | Astragalus spp. — Daphnae sp.
Ecosystems Without Vegetation
Moderate-Semi humid Bare Lowlands Ecosystem 10 421,497 0.26 -
Warm&Arid Bare Hills Ecosystem 29 69,972 0.04 -
Humid&Moderate Bare Hill Lowlands Ecosystem 3 511,489 0.32 -
Semi arid&Cold Bare Mixed Plains Ecosystem 127 1,836,436 1.14 -
16 Warmé&Arid Bare Mountain Hills Ecosystem 2 716,291 0.44 -
17 Moderate& Arid Bare Mountain Plains Ecosystem 24 7,180,114 4.44 -
18 Moderate& Arid Bare diverse land forms Ecosystem 2 3,096,454 1.92 -
Moderate&Arid Bare Sparse Mountains Ecosystem 140 378,403 0.23 -
Cold&Arid Bare Mountains Ecosystem 85 3,527,326 2.18 -
21 Warm-Desert Bare Hill Mountains Ecosystem 1 31,706 0.02 -
22 Inland Water
23 Marine
24 Islands

*Hectare legend

Ecosystems with Small Area and Limited Numbers of Patches

Ecosystems with Small Area

Ecosystems with Limited Numbers of Patches

Ecosystems with Large Area and Large Numbers of Patches

Ecosystems with Large Area

patches. Around 90% of the country is occupied by
ecosystems with the number of patches higher than the
median (39 patches). Ecosystems with a number of
patches higher than the upper quartile and also lower than
the first quartile also warrant further examination and
investigation (shown in Table 4).

In total, 89% of the country is covered with ecosys-
tems in which vegetation types has a predominant role,
and in the remaining, ecosystems can be distinguished
only based on the non-vegetated landscape (Fig. 9). In
Fig. 9 b, both scrublands and grasslands account for the
highest percentage of the ecosystems with dominant
vegetation, whereas the woodlands and the shrublands
have the minimum share.
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Because of the small size of the grove ecosystem, we
removed them from the current study as we did for
inland water bodies.

Discussion and conclusion

Land protection planning requires identification of
the homogeneous units in terms of ecological char-
acteristics. These units, distinguishable from each
other based on factors affecting ecosystem bound-
aries, may largely depict land ecological diversity.
Based on the global experiences, ecosystems can be
used as the basis for evaluating and analyzing the
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lishing a comprehensive and representative network were classified firstly according to the characteristics
of these areas. Accordingly, in this study, the of the landform-climate and then substantiated by

Il

Cold & Humid Prairies

Cold & Arid Semi steppe
Scrubland &Grasslands

Cold - Desert Steppe Scrublands

— -

. Very Humid % Arid Scrubland & Halophytes

. Humid
I semihumia |
E‘ Extra arid A Cold - Desert Steppe Scrublands

E Arid 2

Mediterrane b b Warm & Arid Shrubland &
El Semi arid 4 - Scrublands

Fig. 6 Three-dimensional north-south macroclimatic profile of Iran and the main vegetated ecosystems
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Scrubland & Halophytes

Fig. 7 Three-dimensional west-east macroclimatic profile of Iran and the main vegetated ecosystems

vegetation layer. The landform was generated using
revised and edited slope and elevation classes, and
the climate layer was produced based on and the
revised and edited climate map of Iran.

Data layers with suitable and agreeing scales and
proper accuracy were chosen, and also experts’ opinion
were sought when deciding on the factors and layers and
analyzing the results. This first-time approach to eco-
systems identification in Iran may provide a better
framework for land protection, which has been the main
focus in this study.

The identified terrestrial ecosystems are homogeneous
ecological units in two categories of vegetated and non-
vegetated lands in diverse climates from extra arid to very
humid. Based on Figs. 6 and 7, the small humid climate
zones in the north and west of the country have led to the
creation of different forest types with high protection
value. A good example of other protection capabilities is
the south-north and west-east gradient of increasing arid-
ity, which has a notable effect on the diversity of the
vegetation landscapes. We applied patch metrics analyses
to derive more information on the distribution of ecosys-
tem classes that would ultimately help in better selection of
the candidate protected areas. The highest proportion of
the country is covered by ecosystems that are widely
distributed and exist across large numbers of independent

@ Springer

patches (Fig. 8a and c). These ecosystems including cold
and arid semi-steppe scrubland and grasslands (08), cold
desert steppe scrubland (07), arid scrubland and halo-
phytes (06), and warm and arid shrubland and scrublands
(09) represent the dominant vegetation in more stable
conditions (green color in Table 4). Therefore, they are
potentially at lower risk from disturbance events and
threats. Selection of the protected areas in these ecosys-
tems assumes lower priority than others. Those ecosys-
tems with a small area and limited number of the patches
comprising humid and moderate bare-hill lowlands (14)
and warm desert bare hill mountains (21) (dark red color in
Table 4) occupy a small part of the country on the northern
and southern borders. These characteristics make the men-
tioned ecosystems unique, potentially vulnerable, and im-
portant when selecting representatives for protected areas.

The information thus provided can also help provin-
cial authorities to unanimously participate in the man-
agement of Iran’s natural areas beyond administrative
boundaries.

The land classification goal in our study is in line with
Olson et al. (2001) and Yusefi et al. (2019). In spite of this
similarity, terrestrial ecosystems identified here describe
ecological capability of Iran’s land area while also
depicting the ecological diversity and complexity of the
country. The arid scrubland and halophytes ecosystem is
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found in the central part of the country and along the
southeast coast of the Caspian Sea bear similarities with

Ecosystems
Without
Vegetation
1%

two Turkmen Plain and Central Basin bioregions. Other
ecosystems have no similarity with bioregions (Fig. 10).
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Fig. 9 Percentage of the ecosystems with dominant vegetation and those without it (a). Percentage of different vegetative forms in the

vegetation-dominated ecosystems (b)
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1-Alborz-Zagros-Kopet Dag Mts.; 2—
Central Basin; 3—Baluchestan-Khorasan;
4—Persian Gulf Shores-Khuzestan;
5—Makran Mts.; 6—Turkmen Plain; 7—
. 1""'\ Makran lowlands; 8—Abarkooh-Shahreza
ridges; and 9—Arvand-Shadegan

Biores
OrERias . ; lowlands) and by distance-based (bottom:
. 1 - ‘{L(' 1-N Zagros-Caucasus; 2—Central
2 \ Basin-Alborz-Zagros-Kopet Dag Mts.;
3 | [ . I 3—Hyrcanian; 4—Persian Gulf Shores-
B 4 S ; Khuzestan; and 5—Makran) methods for
! Y\ e \ Iran. The maps are based on a 1° grid cells
-
Transition zones
| Unclassified
Fig. 10 Bioregions of Iran (according to Yusefi et al. 2019)
However, our classification shows little similarity of our study has been more detailed. For example, the
with the global ecosystem classifications, as the scale average size of 18 terrestrial eco-regions in Olson et al.’s

ECO_NAME
I Arabian Desert and East Sahero-Arabian xeric shrublands
[ Azerbaijan shrub desert and steppe

[ Badghyz and Karabil semi-desert

- Baluchistan xeric woodlands

I Caspian Hyrcanian mixed forests

I Caspian lowland desert

[ | Central Persian desert basins

I Eastern Anatolian montane steppe

I Eiburz Range forest steppe

[ Kopet Dag semi-desert

B Kopet Dag woodlands and forest steppe

I uh Rud and Eastern Iran montane woodlands

I Lake

I )esopotamian shrub desert

I Middle East sieppe

I Registan-North Pakistan sandy desert

I south Iran Nubo-Sindian desert and semi-desert

I Tigris-Euphrates alluvial salt marsh

B Zagros Mountains forest steppe

Fig. 11 Terrestrial eco-regions of Iran (according to Olson et al. 2001)
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study (2001) is about 9,000,000 ha, whereas the 21
terrestrial ecosystems in our study have an approximate
mean area of 7,700,000 ha. Realms and biomes were the
two first factors used in the hierarchical classification of
Olson et al. (2001). Zagros Mountains forest steppe,
Central Persian desert basins, and South Iran Nubo-
Sindian desert and semidesert which are located in the
west, center, and south of Iran respectively contain
diverse ecological conditions that can be recognized as
separate eco-regions as in our study, but these are absent
in the study of Olson et al. (Fig. 11). In comparison, a
similarity is seen between the Caspian lowland desert
eco-region and the arid scrubland and halophytes eco-
system along the southeast coast of the Caspian Sea.

Large ecosystems with dominant vegetation are im-
portant in terms of vegetation species and the habitat
they create for dependent wildlife (Fig.9a). The small
share of the forest among these ecosystems, after wood-
lands and shrublands (Fig.9b) gives more priority to
forested areas for protection. In addition, the wide range
of scrublands and grasslands, and especially steppe
scrublands with a dominant arid-cold climate makes it
possible for land protection planners to easily select the
integrated areas with sufficient size.

Despite their small area, non-vegetated ecosystems in
Iran are also remarkable for protection. These ecosys-
tems include representative areas with specific geolog-
ical structures. Moreover, along with other ecosystems
with dominant vegetation, they can contribute to com-
plete the protected areas’ network.

The diversity of the identified ecosystems including a
wide range of different forms of vegetation and various
landforms provides a favorable point, but it also makes
land protection planning even more difficult. For this
reason, it is necessary to take a comprehensive
knowledge-based action in this regard.

Toward this action and to improve our understand-
ing of the ecological land diversity, ecosystems clas-
sification, and to complete the present study, we think
that in future studies, the focus should be placed on
the likely overlap between vegetation types/
communities or other classifications thereof and the
landform/climate classification of the country. This
could shed light on the degree of complementarity
and the correspondence between the two. Looking at
how the defined ecosystems might as well contribute
to wildlife species modeling or their habitat descrip-
tions is another issue which warrants further
investigations.
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