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Abstract
Multiple-use management of spatially heterogeneous arid ecosystems faces many challenges. In this study, an approach is 
introduced for multiple-use management of arid ecosystems in Esfandaqeh rangelands, south east of Iran. The ecological, 
social, and economic values of plant species were, respectively, determined using field data, the number of people consump-
tion, and the market price for a given species. Determined ecological, social, and economic values were then weighted based 
on experts’ opinion, and the total sum of weighted values was considered as the total value of each species. The value of plant 
communities was estimated with respect to their plant composition. Changes in plant communities due to different uses were 
plotted based on state and transition model. According to the results, the grazing intensity was lower in plant communities 
with diverse uses compared to the less diverse ones. There were significant relationships between species diversity and plant 
communities’ values (P < 0.01), but some communities with low species diversity had high total value due to the presence 
of important species such as Pistacia atlantica. Total community value increased with raising the ecosystem potential for 
multiple use. The highest community value belonged to the upstream shrubland with no trade-off between plants collect-
ing and grazing due to the presence of medicinal and edible plants. There were degraded states where spot management is 
needed to restore them to a balanced state. The developed approach for multiple-use management helps land managers for 
sustainable development and maximum use of arid ecosystems.
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Introduction

Arid lands constitute a significant portion of globe’ lands 
(about 41.3%) and are home to 2.1 billion people (Koohaf-
kan and Stewart 2008). These lands have experienced 
numerous environmental and managerial disturbances alter-
ing their structure and function (Havstad et al. 2007; Quetier 
et al. 2007). Many arid ecosystems are threatened by unsus-
tainable uses (Biggs et al. 2008), which lead to land degra-
dation consequently. Degradation is a common concept that 

hinders land management from achieving multiple goals. 
Most arid ecosystems consist of a non-uniform species com-
position that requires heterogeneous management for their 
sustainable development (McGranahan and Kirkman 2013).

There are new paradigms on the basis that landscapes 
or ecosystems have multiple functions and the concept of 
single-purpose land use has recently changed (O’Farrell and 
Anderson 2010). Multifunctionality describes the capacity 
of an ecosystem to provide multiple socio-economic and 
ecological benefits to society (Hölting et al. 2019). Although 
this concept does not yet have specific implementation 
(Hölting et al. 2019), multiple-use management has been 
increasingly practiced in rangelands during the last two 
decades. Rangelands are multifunctional ecosystems pro-
viding multiple ecosystem services. Forage production is 
one of services that is very important in rangeland manage-
ment. Traditional rangeland management focuses on for-
age production (Holechek et al. 2004), but in multiple-use 
management, the approaches focusing on forage production 
are not efficient and other uses are also considered. The 
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management approaches designed based on multiple-use 
concept can increase plants vigor in rangelands and enhance 
locals’ incentives to protect natural plant communities 
(Havstad et al. 2007). Therefore, forage-based management 
should be replaced with holistic rangeland management, in 
which forage production is treated the same as other eco-
system functions and receives no more value. Multiple-use 
management increases stakeholder income while sustaining 
the exploitation of rangelands (Sabogal et al. 2013). Further-
more, there is more social support for conservation multi-
functional ecosystems where higher numbers of services are 
provided (Garcìa-Llorente et al. 2012).

On the one hand, rangelands are cohesive units that are 
ecologically, economically, and socially linked. On the other 
hand, they consist of a heterogeneous combination of plant 
species with different uses that should be considered in mul-
tiple-use management. The importance of plant communities 
is usually evaluated using three ecological, economic, and 
social aspects (Baskent 2018). In economics, ecosystems 
are valuable because human well-being is affected by their 
functions. Basically, the philosophical basis of valuation is 
humanism. According to this approach, the nature compo-
nents are valuable as long as they somehow benefit humans. 
Utilitarianism is one of the humanist theories that the value 
of nature’s functions is to the extent that it brings satisfaction 
to man (Rudolf et al. 2002). Numerous studies have exam-
ined plant species value in ecology, human societies, and 
economics (Reyes-García 2001; Kakudidi 2004; Gokhale 
et al. 2011). For example, García-Llorente et al. (2012) 
used monetary and non-monetary techniques to explore 
the relationship between landscape multi-functionality and 
social preferences in semi-arid ecosystem, or Zabala et al 
(2021) presented a novel economic valuation of services in 
agroecosystem. However, the value of species composition 
in plant communities has received little attention. Manag-
ers face many uncertainties such as the plant communities’ 
dynamics. An important characteristic of ecological systems 
such as rangelands is that they consist of several different 
states (Walker et al. 1981). State and transition model illus-
trates the distribution and dynamics of plant communities 
and can help to predict the plant communities’ response to 
environmental and management factors (Stringham et al. 
2003). Under non-equilibrium model, plant communities are 
dynamic and transform into each other due to environmental 
disturbances (Tipton et al. 2018). The state and transition 
model reveals known and unknown features of an ecosys-
tem that can be used for describing and restoring ecosystem 
(Heady and Child 1999), being very useful for arid ecosys-
tems management (Bestelmeyer et al. 2017).

Although the concept of multiple-use management is 
receiving growing attention, the complexity of multiple-
use management is increased due to the presence of diverse 
uses in ecosystems (Baskent 2018). This study examines the 

value of plant species based on three ecological, economic, 
and social aspects. Then plant communities are determined, 
and the value of plant communities under different uses is 
estimated through their plant composition. Therefore, pro-
viding a template for multiple-use management is an impor-
tant part of rangeland management. The objectives of this 
study are (1) ecological, social, and economic valuation of 
plant species, (2) evaluation of the spatial distribution of 
plant communities and determining their value along land-
scape, (3) investigating the relationship between plant com-
munities and different utilization types, and (4) designing 
a state and transition model based on change in plant com-
munities’ value under different management.

Materials and methods

Research site

The study was conducted in Esfandaqeh rural district, Jiroft 
County, Kerman Province, south east of Iran (56° 56′ to 
57° 18′ E and 28° 39 to 28 52 N). Mean annual rainfall is 
about 200 mm. Rangeland is the main land use in the region. 
There are different vegetation types in the region, varying 
from Pistacia atlantica woodland in upstreams to Artemisa 
aucheri shrublands in downstreams.

Rangelands comprise approximately 90 million ha of 
Iran. They provide 6% of the gross national product and are 
the main source of income for many poor, rural residents 
(Farahpour 2002). They provide food and income for about 
180,000 pastoral families, and about 1.4 million families 
depend indirectly on rangeland (FAO 2006). Rangelands are 
a common resource, and exploitation is allowed via the use 
of permits, and thus land tenure is public. Rangelands are 
traditionally exploited by two types of ranchers (individual 
and group).

Sampling approach and procedure

Plant communities were valued using the value of their spe-
cies. Value of plant species is divided into three categories 
of ecological, social, and economic values (Sarukhán and 
Whyte 2005). Ecological value of species was measured 
based on field data and the importance of species in plant 
communities (Mandal and Joshi 2014). The social and eco-
nomic values of species were estimated based on people’s 
perception on species value in the social system in which 
the number of uses was selected as the social value (Reyes-
García et al. 2006) and the contribution of plant species to 
household income was considered as the economic value 
(Reyes-García 2001; Reyes-García et al. 2006).

The vegetation survey was carried out using 192 nested 
quadrats of different sizes located in three sites to show the 
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variability of plant species composition across studied land-
scape. In each site, 10 × 10 m quadrats were used to sam-
ple trees and shrubs and 1 × 1 m sub-quadrats were used to 
sample semi-shrubs and herbaceous plants. In each quadrat, 
plant species richness and canopy cover were measured and 
Shannon diversity index was then calculated. Furthermore, 
the intensity of different uses (e.g., grazing, fruit collecting, 
wood harvesting, plants collecting (edible and medicinal), 
and beekeeping) was qualitatively determined for each quad-
rat in five classes ranging from very high to very low.

For social and ecological valuations, fifteen locals were 
first interviewed to get familiar with the plant species they 
use and their local uses. They were asked to list the name 
of all the useful plants they knew and their uses. Second, 86 
locals were chosen for interview using stratified sampling 
method. The average age of participants was 46, and 63% 
were females and 37% were males. They were asked “do you 
know this plant?”, “do you use it for food, medicine, fire-
wood, construction, dye, tools, aesthetic, forage, or beekeep-
ing?”. To determine economic value of species, we asked 
each adult present in the household to report the name of all 
the plants that they had brought to the household.

Data analysis

Ecological, social, and economic values of plant species

The ecological value  (EcVe) or Importance Value Index 
(IVI) of plant species was determined using their frequency, 
density, and dominance as follows (Curtis and McIntosh, 
1951; Mishra, 1968):

where

Social value of plant species was calculated as follows:

where SV
e
 is the social value of plant species e. Uc

e
 is the 

total number of uses reported for plant species e divided by 

(1)EcV
e
= IVI =

Relative frequency + Relative density + Relative dominance

3

(2)Relative frequency =
Frequency of species e

Frequency of all species
× 100

(3)Relative density =
Density of species e

Density of all species
× 100

(4)

Relative dominance =
Canopy cover of species e

Canopy cover of all species
× 100

(5)SV
e
= Uc

e
×

∑

IUc
e

the nine potential uses for species considered in this study 
(i.e., food, medicine, firewood, construction, dye, tools, 
aesthetic, forage, and beekeeping). IUc

e
 is the number of 

respondents who mentioned each use of the plant species e 
divided by the total number of respondents (Reyes-García 
et al. 2006).

Economic value of plant species was calculated as 
follows:

where  EVe is the economic value of plant species e.  Oee is 
the number of respondents who had income for buying each 
use of species divided by the total number of respondents, 
 Pee is the price of each use the plant species, and  Pemax is 
maximum price of species (Reyes-García et al. 2006).

Total value of plant species

As importance of ecological, social, and economic values of 
species is not the same for each species, analytic hierarchy 
process (AHP) was used to weight these values. Specifically, 
12 ecological and economic experts were asked to express 
how two different criteria or alternatives are compared to 
each other in terms of their importance (Saaty 1980). The 
pairwise comparisons in a judgment matrix have been ade-
quately consistent if the corresponding consistency ratio 
(CR) is less than 10%. Total value of plant species  (TVe) 
was calculated as follows:

where  W1,  W2, and  W3 are relative weights of ecological, 
social, and economic values of plant species, respectively.

Value of plant communities

Value of plant communities (PCV) was measured using the 
abundance of their plant species  (Ae) and total value (TVe) 
of species as follows:

State and transition model

Changes in plant communities under different uses were 
displayed using the state and transition model. Plant 

(6)EV
e
=

∑

Oe
e
×

Pe
e

Pe
mam

(7)TV
e
= W1 × EcV

e
+ W2 × SV

e
+W3 × EV

e

(8)PCV =

n
∑

i=1

A
e
× TV

e
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communities or states were identified using clustering meth-
ods, and the relationship of plant communities with different 
uses (transition) was estimated using ordination method and 
the important uses in each state.

Plant communities

Two Way INdicator SPecies ANalysis (TWINSPAN, Hill 
1979) was used to determine the distribution of plant com-
munities as different states across landscape. Vegetation data 
were classified by two-way index species analysis, which is a 
hierarchical clustering method that uses differential species 
to describe and distinguish plant classes (McCune and Mef-
ford 1999). In this study, plant communities resulted from 
TWINSPAN were considered as states of model.

Relationships between plant communities and different 
uses

Non-metric multidimensional scaling (NMDS) ordination 
procedure with the Bray–Curtis dissimilarity index is the 
most generally effective ordination method for determin-
ing drivers of ecological communities (McCune and Grace 
2002). NMDS is an ordination method that displays a mul-
tidimensional dissimilarity matrix of data in a low-dimen-
sional space. Less dissimilarity between data causes them 
to be closer to the NMDS space (Helm et al. 2017). NMDS 
was applied to reveal the relationship of plant communities 
with different uses. Pearson’s correlation coefficients were 
used to assess the relationships between plant community 
value with diversity, richness, and different uses in plant 
community. One-way analysis of variance (ANOVA) fol-
lowed by the least significant difference (LSD) tests was 
used to compare different growth forms in terms of eco-
logical, social, and economic values. Furthermore, different 
exploitation patterns (solitary and group) of plant commu-
nities were determined and compared in terms of ecologi-
cal, social, economic, and total value of plant species using 
independent t-test.

Results and discussion

Results

A total of 82 plant species in 28 families were observed 
in sampling plots (Table S1). There were substantial varia-
tions between different plant species in terms of ecological, 
social, and economic values (Table 1). Amygdalus scoparia 
(SV = 8.51), Amygdalus wendelboi (SV = 7.56), and Pista-
cia atlantica (SV = 5.7) had the highest social value in the 
region, respectively. The highest ecological values belonged 
to Artemisia aucheri (IVI = 0.113), Astragalus gossypinus 

(IVI = 0.090), and Amygdalus wendelboi (IVI = 0.060). 
Pistacia khinjuk (EV = 93), Pistacia atlantica (EV = 86), 
and Juniperus polycarpos (EV = 81) and Acer monspes-
sulanum subsp. persicum (EV = 36) had the highest social 
value, respectively. Ecological, social, and economic values 
of species were estimated based on AHP (Table S2).

Comparison of different growth forms in terms of eco-
logical, social, and economic values showed that shrubs and 
trees had the highest importance in terms of ecological and 
social values, and trees had the highest importance in terms 
of economic value (Table 2, Fig. 1).

TWINSPAN analysis resulted in 17 different plant com-
munities (Fig. 2) which considered as states. Ecological, 
social, and economic values of different communities were 
estimated using plant species values and their abundance in 
each community (Table 3). Plant community dominated with 
Thymus lancifolius and Lolium perenne (total value = 8.513) 
and plant community dominated with Peganum harmala and 
Salsola kali (total value = 0.001) had the highest and lowest 
total value between 17 considered plant communities in the 
region. The intensity of different uses is shown in Table 4 
(grazing, edible or medicinal plants collecting, fruits collect-
ing, wood harvesting, and beekeeping). The highest grazing 
intensity was related to states 1, 3, and 4. States 13 and 14 
were the most exploited ones in terms of plants collecting. 
The highest intensity of fruit collecting was observed in 
states 13 and 17. States 9 and 17 had the highest intensity of 
wood harvesting. States 10 and 12 had the highest intensities 
in terms of beekeeping.

Figure 3 shows the distribution of 17 states with regard to 
5 different uses (grazing, plants collecting, fruits collecting, 
wood harvesting, and beekeeping). There were significant 
relationships between different uses and states 10, 12, 6, 5, 
15, and 14. The highest association was observed between 
states 2, 7, and 17; wood harvesting, states 3, 9, and 13 and 
fruit collecting, states 1, 4, and 8 and livestock grazing, and 
states 11 and plant harvesting and beekeeping. Pearson’s 
correlation coefficients showed that there was a significant 
relationship between the value of plant communities and 
Shannon’s diversity, richness, and the multiple uses in plant 
community (Fig. 4).

The plant communities with solitary exploitation had 
greater ecological, social, economic values compared to 
group exploitation (Fig. 5).

The state and transition model of region rangelands rep-
resents the changes in the value of states due to different 
uses (Fig. 6). The vertical axis represents the relative total 
value of the states estimated according to value of their plant 
species. The horizontal axis shows the relative number of 
uses in each state. In this model, the change of states under 
the dominant use as the transition is separately displayed in 
each landscape. In mountain semi-shrubland, state 10 tran-
sits to states 11, 12, and 13, during which only the value of 
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Table 1  Social (SV), ecological 
(EcV), and economic values 
(EV) of plant species

Plant usage SV EcV EV

Aes For Med Hon dye Foo Too Con Fue De Fr Do IVI

A.mon * * * 0.79 0.023 0.013 0.013 0.016 0.387097
A.cap * 0.05 0.008 0.009 0.006 0.007 0
A.atr * * * * 0.43 0.003 0.005 0.009 0.005 0.043011
A.ira * * * * 0.12 0.002 0.003 0.001 0.002 0.002903
A.jes * * * 0.23 0.004 0.002 0.001 0.002 0.002366
A.sta * * 0.06 0.003 0.004 0.001 0.002 0.029247
P.atl * * * * * * * 5.2 0.033 0.008 0.070 0.037 0.924731
P.Khi * * * * * * * 5.7 0.020 0.030 0.010 0.020 1
A.ori * 0.02 0.006 0.008 0.003 0.005 3.23E-05
B.cyl * * * 0.34 0.004 0.003 0.002 0.003 0.004204
B.per * * * * 1.76 0.002 0.001 0.003 0.002 0.002344
B.fal * * * 0.43 0.005 0.002 0.001 0.002 0.075269
D.auc * * * * * * 0.87 0.020 0.010 0.009 0.003 0.003946
D.ass * * 0.03 0.001 0.004 0.006 0.022 2.15E-05
E.bun * * * * 0.08 0.003 0.004 0.001 0.002 4.3E-05
F.ovi * * * * * 1.03 0.003 0.001 0.005 0.003 0.000258
F.vul * * * 0 0.005 0.060 0.002 0.022 5.38E-05
P.cor * 0.06 0.005 0.006 0.002 0.004 2.15E-05
P.che * * * * 0.08 0.003 0.004 0.002 0.003 0.006817
C.off 0 0.010 0.030 0.060 0.033 6.45E-05
A.san * * * * 1.23 0.030 0.010 0.020 0.020 4.3E-05
A.aus * * * 0.03 0.032 0.003 0.001 0.011 9.68E-05
A.auc * * 0.89 0.130 0.100 0.110 0.113 0.000237
A.per * * 0.65 0.001 0.003 0.032 0.011 7.53E-05
C.pyc * * 0.05 0.020 0.010 0.030 0.020 2.15E-05
C.oxy * 0.04 0.011 0.003 0.002 0.005 4.3E-05
C.ovi * * * 0.34 0.005 0.040 0.030 0.020 5.38E-05
C.int * * * 0.41 0.002 0.070 0.040 0.037 8.6E-05
C.pyr * 0.35 0.010 0.010 0.009 0.009 9.68E-05
C.vul 0 0.005 0.020 0.004 0.009 2.15E-05
E.can 0 0.032 0.021 0.022 0.025 5.38E-05
G.tou * * 0.12 0.002 0.001 0.003 0.002 0.000355
H.int * * * 0.54 0.002 0.001 0.003 0.023 6.45E-05
L.gal * * 0.11 0.010 0.008 0.003 0.007 4.3E-05
O.car * * 0.28 0.003 0.008 0.007 0.006 2.15E-05
S.ori * 0.76 0.010 0.020 0.010 0.013 7.53E-05
P.auc * * 0.13 0.010 0.010 0.030 0.016 3.23E-05
T.son * * 0.16 0.020 0.030 0.020 0.023 1.08E-05
B.int * * * * * * 0.98 0.040 0.050 0.020 0.036 2.15E-05
A.pro 0 0.040 0.020 0.010 0.023 6.45E-05
A.lin * 0.04 0.008 0.008 0.003 0.006 7.53E-05
E.ves * * 0.02 0.004 0.003 0.001 0.002 8.6E-05
E.sis * * 0.08 0.008 0.009 0.005 0.007 1.08E-05
I.pac * * 0.09 0.006 0.008 0.003 0.006 2.15E-05
L.dra * * * 0.07 0.009 0.006 0.002 0.005 3.23E-05
M.che * * 0.32 0.020 0.003 0.001 0.008 3.23E-05
A.gla * 0.06 0.004 0.002 0.003 0.003 4.3E-05
D.ori * * 0.08 0.003 0.001 0.003 0.002 0.000247
N.muc 0.07 0.004 0.001 0.002 0.002 0
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Ecological value (EcV) is calculated using plant species De: Density, Fr: Frequency, and Do: Dominance. 
Different uses are shown as Aes: Aesthetic, For: Forage, Med: Medicinal, Hon: Honey, Foo: Food, Too: 
Tools, Con: Construction, Fue: Fuel

Table 1  (continued) Plant usage SV EcV EV

Aes For Med Hon dye Foo Too Con Fue De Fr Do IVI

S.kal 0 0.002 0.001 0.001 0.001 0
C.arv * * 0.16 0.004 0.005 0.003 0.004 0.000183
J.pol * * 0.54 0.003 0.004 0.006 0.004 0.870968
E.int * 0.13 0.002 0.005 0.001 0.002 0.000935
E.fal * 0.02 0.001 0.004 0.003 0.003 0
E.ged * 0.05 0.001 0.003 0.001 0.001 0
A.lyc * * * * * 0.97 0.009 0.006 0.007 0.005 0.010398
A.gos * * * * * 0.86 0.090 0.090 0.080 0.086 0.009419
M.sat * * * * 0.54 0.006 0.002 0.003 0.003 0.000118
O.cor * 0.58 0.002 0.001 0.007 0.003 6.45E-05
T.pra * * * * 0.62 0.001 0.003 0.008 0.004 0.000204
T.rep * * * 0.48 0.002 0.003 0.007 0.004 0.000409
F.ase * 0.03 0.002 0.006 0.003 0.003 5.38E-05
J.rgi * 0.01 0.001 0.002 0.004 0.002 0.000204
M.lon * * * * 0.36 0.001 0.001 0.005 0.002 0.006065
S.scl * * * 0.42 0.001 0.001 0.002 0.001 0.003688
T.lan * * * * 0.38 0.002 0.001 0.005 0.002 0.080753
Z.cli * * * * 0.42 0.001 0.002 0.003 0.002 0.044516
T.bif * * * 0.31 0.003 0.001 0.005 0.003 0.003355
M.syl * * * * 0.08 0.001 0.003 0.004 0.002 0.004151
A.chl * 0.05 0.007 0.002 0.001 0.003 7.53E-05
A.cri * * 0.01 0.001 0.002 0.001 0.001 0.000118
B.tec 0 0.001 0.001 0.001 0.001 0
B.squ 0 0.001 0.002 0.005 0.002 0
L.per * * 0.07 0.006 0.004 0.002 0.004 0.000366
Pt.auc * * * * * 0.25 0.005 0.005 0.001 0.003 0.000118
R.rib * * * * * 0.12 0.003 0.002 0.001 0.002 0.000333
A.sco * * * * * * * * 8.51 0.060 0.020 0.070 0.050 0.002301
A.wen * * * * * * * * 7.65 0.070 0.030 0.090 0.060 0.003484
T.arc * * * * * * * 3.24 0.008 0.003 0.006 0.005 0.033785
D.sta * * * * 1.26 0.007 0.001 0.001 0.003 0.04228
E.per * 0.05 0.006 0.003 0.007 0.005 2.15E-05
P.har * 0.01 0.001 0.001 0.002 0.001 1.08E-05

Table 2  The results of ANOVA 
among five life forms (tree, 
shrub, semi-shrub, grass, 
and forb) based on social, 
ecological, and economic values

df Mean square F P value

Within group Between 
group

Within group Between group

Social value 78 4 12.507 1.582 7.906 0.00
Ecological value 78 4 0.865 0.134 6.455 0.00
Economic value 78 4 2205.738 104.645 21.078 0.00
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Fig. 1  Mean comparison of different growth forms in terms of social, ecological, and economic values. Values are mean ± SD. Significant dif-
ferences obtained by the post hoc test are showed by the superscripts a, b, and c (P < 0.05), and the same letters indicate no significant difference
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Fig. 2  The resulted plant communities based on TWINSPAN. The 
17 terminal nodes, filled with gray color, are paired with their cor-
responding community abbreviations and state number. The number 

shown in each box is the total number of plots belonging to a particu-
lar node. Abbreviations of the species and their corresponding scien-
tific names are described in Table S1
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state 12 has not passed the threshold value and the other two 
states are substantially changed. In mountain forest, state 15 
transits to states 11 and 16, both of which have exceeded the 
threshold of plant communities’ value. In mountain shrub-
land, state 6 changes to states 7, 8, and 9, among which state 
9 had the highest loss of value. In plain semi-shrubland, 
stable state 5 also shifts to states 3 and 4, during which the 
value of plant communities decreases, although the changes 
are less intense than other plant communities.

Discussion

In the most landscapes, plant communities are not distrib-
uted evenly and may have different ecological, economic, 
and social values. Therefore, each plant community has a 
certain potential for different uses depending on its vegeta-
tion composition. Plant communities have experienced dif-
ferent types of degradation based on their dominant use. 
Such plant communities, which are faced to uneven dis-
turbances, may need to be spot managed (Fuhlendorf and 
Smeins 1999), so that their management should be consist-
ent with the distribution of anthropogenic disturbances (Fuh-
lendorf and Engle 2001).

Table 3  Description of 17 plant communities (states) and their ecological, social, economic, and total values

Landscape Stats Description Ecological value Social value Economic value Relative total value

Plain semishrubland S1 Sparse annual invasive forbs (Pega-
num harmala, Salsola kali)

0.003 0.000586 6.93001E-05 0.000117

Plain semishrubland S2 Dense semi-shrubs (Artemisia 
aucheri)

0.095 0.011282 0.043659044 0.031716

Plain semishrubland S3 Sparse semi-shrubs (Artemisia 
aucheri) and invasive forbs (Lactuca 
glauciifolia)

0.123 0.00674 0.003742204 0.010924

Plain semishrubland S4 Sparse annual invasive grasses (Bro-
mus tectorum)

0.005 0.000147 6.93001E-05 0.000235

Plain semishrubland S5 Dense semi-shrubs (Artemisia 
aucheri) and scattered shrubs 
(Daphne stapfii)

0.126 0.009377 0.121968122 0.072008

Mountain shrubland S6 Dense shrubs (Amygdalus scoparia) 0.06 0.545788 0.498198198 0.524374
Mountain shrubland S7 Dense grasses (Agropyrum cristatum) 

and scattered shrubs (Amygdalus 
scoparia)

0.05 0.265934 0.070686071 0.165864

Mountain shrubland S8 Semi dense shrubs (Amygdalus wen-
delboi) and forbs (Cirsium vulgare))

0.04 0.193407 0.127512128 0.159403

Mountain shrubland S9 Sparse annual invasive forbs (Euphor-
bia falcata) and shrubs (Amygdalus 
scoparia)

0.01 0.071795 0.023562024 0.046635

Mountain semi-shrubland S10 Dense semi-shrubs (Thymus lancifo-
lius) and grasses (Lolium perenne)

0.231 1 1 1

Mountain semi-shrubland S11 Semi dense spiny invasive forbs 
(Onopordon carmanicum)

0.076 0.332601 0.246708247 0.288617

Mountain semi-shrubland S12 Sparse annul forbs (Achillea santoli-
noides) and semi-shrubs (Thymus 
lancifolius)

0.097 0.641758 0.4996535 0.573006

Mountain semi-shrubland S13 Semi dense semi-shrubs (Acantho-
phyllum glandulosum)

0.076 0.209524 0.090783091 0.150123

Mountain forest S14 Dense trees (Acermonspessulanum) 
and forbs (Allium atroviolaceum)

0.087 0.063004 0.146916147 0.108657

Mountain forest S15 Dense trees (Pistacia atlantica) 0.045 0.375092 0.964656965 0.675085
Mountain forest S16 Semi dense trees (Pistacia atlantica) 

and spiny invasive forbs (Gundelia 
tournefortii)

0.021 0.23956 0.314622315 0.275813

Mountain forest S17 Dense semi-shrub (Astragalus 
lycioides) and scattered trees (Pista-
cia atlantica)

0.08 0.122344 0.083160083 0.104546
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Previous studies on the impact of solitary and group 
exploitations on rangelands condition and people income 
have shown that group exploitation is one of the continuous 
actions to alleviate poverty and have mentioned the solitary 

exploitation as the cause of adverse effects on rangelands 
(Maggs and Hoddinott 1999; Adhikari et al. 2004). In this 
study, however, the two types of exploitation (solitary and 
group) also had different effects on the condition of plant 

Table 4  The mean ranks 
(± SD) of five uses (grazing, 
collecting of plant and fruit, 
wood harvesting, beekeeping) in 
17 states

States Grazing Collecting of plants Collecting of fruit Wood harvesting Beekeeping

S1 4.87 ± 0.21 1 1 1 1
S2 3.76 ± 0.12 1.5 ± 0.67 1 4.65 ± 0.21 1
S3 4.22 ± 0.63 1.43 ± 0.04 1 2.54 ± 0.53 1
S4 4.98 ± 0.06 1 1 1 1
S5 2.34 ± 0.42 1.65 ± 0.12 1 2.13 ± 1.1 1
S6 2.15 ± 0.27 1.65 ± 0.43 2.54 ± 0.87 2.13 ± 0.21 3.32 ± 0.15
S7 3.19 ± 0.54 2.45 ± 0.65 3.37 ± 0.43 3.72 ± 0.43 3.13 ± 0.12
S8 3.73 ± 0.67 2.76 ± 0.83 2.83 ± 0.31 2.76 ± 0.54 3.87 ± 0.32
S9 3.98 ± 0.45 2.16 ± 0.25 3.78 ± 0.61 4.31 ± 0.12 2.65 ± 0.76
S10 2.85 ± 0.87 2.56 ± 0.98 2.78 ± 0.65 1 4.78 ± 0.32
S11 2.87 ± 0.54 3.67 ± 0.53 3.73 ± 0.42 1 3.87 ± 0.23
S12 3.65 ± 0.43 3.01 ± 0.14 2.76 ± 0.98 1 4.43 ± 0.79
S13 3.76 ± 0.12 4.87 ± 0.13 3.98 ± 0.84 1 2.45 ± 0.52
S14 3.45 ± 0.64 3.65 ± 0.15 1 2.87 ± 0.13 1
S15 3.03 ± 0.18 2.08 ± 0.05 3.01 ± 0.54 2.87 ± 0.65 1
S16 3.89 ± 0.24 2.05 ± 0.08 3.32 ± 0.68 2.67 ± 0.87 1
S17 3.54 ± 0.29 2.16 ± 0.98 3.89 ± 0.44 4.01 ± 0.76 1

Fig. 3  Non-metric multi-dimensional scaling (NMDS) ordination plot for 17 states with 5 different uses (grazing, wood harvesting, beekeeping, 
collecting of plants and fruit)
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communities. In the highlands where the variety of land-
scape uses was higher, the status of solitary exploited range-
lands was better than the group exploited rangelands. In the 
lowlands, where the rangeland uses were less diverse and 
the dominant use is livestock grazing, the status of group 
exploited rangelands was better than the solitary exploited 
rangelands. Solitary exploitation was the best in landscapes 

rich in plant species because of fewer exploiters, better com-
prehensive management, and less competition for exploiting.

Plant communities’ diversity and their value

We have found that species diversity enhances the value 
of plant communities through increasing multiple use of 
landscapes. Former studies indicated that biodiversity has 
a positive impact on ecosystem functions and consequently 
ecosystem multiple use (e.g., Mace et al. 2012; Balvanera 
et al. 2006; Worm et al. 2006; Quijas et al. 2010; Cardinale 
et al. 2012). In areas where species richness is higher, the 
number of uses from plant communities is higher and has 
higher value. The cost of value loss due to exploitation in 
these communities is higher than those areas where the num-
ber of uses is limited.

All plant species contribute to ecosystem functioning, but 
their values are not the same for ecosystems and social sys-
tems (Kakudidi 2004). Sometimes, a key species alone can 
significantly enhance the value of plant communities (Qui-
jas et al. 2012), and removal of such species can severely 
decrease the value of plant communities. Although Pistacia 
atlantica forests are not very diverse in species, they are 
of great value because of the presence of valuable species 
Pistacia atlantica in this community. Pistacia atlantica is 
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one of the economic trees that grows in the Mediterranean 
regions (Bozorgi et al. 2013). In addition to providing for-
age for livestock and wild animals, and production edible 
seeds and gum, this species is valuable in terms of genetic 
reservoir, natural attractions, ecotourism, soil and water con-
servation, and flood control (Bozorgi et al. 2013; Mahjoub 
et al. 2018). Fruit of this species has been traditionally used 
as medicine and food (Razavi 2005). This plant is an impor-
tant source of gum that is used in pharmaceutical and indus-
trial applications (Sharifi and Hazell 2011). Wild almond 
(Amygdalus scoparia) alone has promoted the value of plant 
communities. Wild almond fruits are a source of nutrients 
and oils that are of great importance for human health and 
food (Abbey et al. 1994). Wild almond flowers appear in 
late winter to early spring before the plant leaf emergence, 
giving a very beautiful view of the tree, which are important 
for attracting honeybees and producing honey.

Different uses and plant communities

As well as heterogeneity of plant communities, diversity of 
uses may face ecosystem managers with more challenges. 
Multiple uses were differently declined plant communities 
value and created new states. Based on suggested state and 
transition model, plants collecting and wood harvesting had 
more negative impacts on the plant communities’ value 
compared to grazing. In the upstream shrublands, plants 

collecting and grazing decreased the plant communities’ 
value by 71% and 44%, respectively, and wood harvesting 
and grazing decreased communities’ values by 85% and 
59%, respectively, in Pistacia atlantica woodlands. Con-
versely, wood harvesting and grazing decreased the value 
of downstream shrub communities by 56% and 85%, respec-
tively, through low ecological, social, and economic values 
of shrub species Daphne stapfii. Therefore, impact of graz-
ing on plant communities’ value is reduced by increasing the 
number of uses in plant communities.

Our results showed that there was a synergy relationship 
between medium grazing, plant collecting, and fruit col-
lecting in communities with the highest value. Wild edible 
plants are of great importance to human societies by pro-
viding food for humans and animals and generating extra 
income sources for locals. The importance of edible plant 
species is growing day by day due to their health benefits and 
others advantages (Garcia-Herrera et al. 2014). Diet selec-
tion of livestock depends on the quality and composition of 
plant communities (Rook et al. 2004; Dumont et al. 2007). 
When the plant community is rich in aromatic and medicinal 
plants, the livestock usually tend to go for the more nutri-
ent species (van Braeckel and Bokdam 2002). In upstream 
shrublands, livestock prefer palatable grasses such as Lolium 
perenne, causing its removal from plant community in state 
12. But this community still has an acceptable value because 
grasses are just used as forage and have lower economic 

Fig. 6  State and transition 
model for the region range-
lands. T1: intense grazing and 
wood harvesting; T2: intense 
grazing; T3: wood harvesting; 
T4: land use changes; T5: wood 
harvesting; T6: intense grazing; 
T7: intense grazing and wood 
harvesting; T8: wood harvesting 
and fruits collecting; T9: intense 
grazing; T10: intense grazing, 
plants collecting, and fruits 
collecting; T11: intense grazing; 
T12: plants collecting and fruits 
collecting
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and social value. On the other hand, valuable medicinal and 
edible plants in this community (such as Thymus lancifo-
lius, Ziziphora clinopodioides, Bunium persicum) generally 
contain essential oils, and livestock are not attracted to them 
compared to Lolium perenne and annual legumes.

However, over-collecting of edible and medicinal plants 
has greatly reduced the value of upstream shrub communi-
ties. So the intensity of plants collecting had a greater impact 
on the value of plant communities compared to overgrazing 
in upstream.

Multiple‑use management and different plant 
communities

Multiple-use management is difficult to implement because 
all uses must be adapted with landscape potential to provid-
ing multiple functions (Maxwell et al. 2019). Planners and 
decision makers must combine all uses to enhance comple-
mentary relationships and minimize competitive interactions 
between different uses (McGranahan and Kirkman 2013). 
States that are in acceptable condition in the region (e.g., 
states of 6, 10, 12, and 15), are a good guide to maintain the 
value of plant communities along with their sustainable use. 
Based on states 10 and 12, ecosystems with solitary exploi-
tation are of the highest value because there is less competi-
tion between people for exploiting. On the other hand, light 
grazing increases plants growth and vitality through remov-
ing old and dead parts of plants (Noy-Meir 1993), providing 
a better condition for plants growth and consequently their 
exploitation. Since grazed grasses and forbs are also not col-
lected by people, there is no trade-off between grazing and 
plants collecting in states 10 and 12 located in upstream. 
However, in downstream where plant diversity is low and 
multiple uses are limited, medium grazing intensity had 
the least negative impact on the value of Artemisia aucheri 
plant communities under group exploitation. Shrubs such 
as Artemisia aucheri are forage plants that have a greater 
contribution to ecological, social, and economic values in 
downstream. Therefore, if the grazing intensity is severe, 
ecosystems will be more damaged. In plant communities 
where key species play an important role in community (e.g., 
states 6 and 15), management should be primarily focused 
on their conservation.

Management strategies are needed to restore degraded 
states (e.g., 1, 2, 3, 4, 7, 8, 9) and to return them to accept-
able previous states. Although plants collecting plays an 
important role in the livelihood of locals (Karabak 2017), it 
should be reduced in states such as 11 and 13. Therefore, the 
goal of ecosystem management must be in order to conserve 
medicinal and edible species, as this is the way to maxi-
mize long-term economic and social benefits. Since many of 
these edible and medicinal plants are traded locally, it is very 
important to commercialize these products for international 

markets (e.g., for pharmacological purposes) to improve 
revenue of local people (Karabak 2017). Decreasing graz-
ing pressure can cause the system to restore to stability in 
overgrazed states (Bestelmeyer et al. 2004), while restora-
tion dynamics is facilitated by local abiotic conditions such 
as elevation, rainfall, soil texture (Lopez et al. 2013; Tietjen 
2016). Upstream communities due to receiving higher rain-
fall can be restored by decreasing grazing intensity, but it is 
not enough for downstream areas where environmental con-
dition is harsh; therefore, biological rehabilitation is needed. 
The results suggest that trees and shrubs are key species that 
have higher social, economic, and ecological values than 
other species and can be used to restore states with lowest 
value (e.g., states 1 and 4).

Conclusion

This study provided a new method to facilitate the man-
agement of ecosystems with multiple and intense uses. 
The combined social, economic, and ecological values of 
plant communities provide an appropriate indicator to show 
changes of plant communities under different management 
plans. The state and transition model simplified the com-
plexities of multi-functional ecosystem with uneven man-
agements. States with the highest community value, where 
intensity of multiple uses is adjusted to ecosystem potential 
and there are synergy between multiple uses, are priorities 
for regional conservation. States with lowest community 
value are critical areas where the intensity of adverse uses 
must be minimized. Our finding can provide important 
information for sustainable management of complex arid 
ecosystems.
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