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Abstract
Questions: (a) Do patterns of species diversity and composition differ between 
plots exposed to high vs. low grazing intensity? (b) Do these differences vary among 
three regions with different climates, representing a gradient from arid to sub-humid 
conditions?
Location: Northeastern Iran.
Methods: We compared plots intensively grazed by sheep and goat (HG) to plots 
with low grazing intensity (LG), across three climatic regions: arid, semi-arid and 
sub-humid. Species diversity (expressed as Shannon H) was compared using linear 
mixed-effect models. Dissimilarity analysis was used to estimate the compositional 
heterogeneity of different types of plots, reflecting the differences in species com-
position. Indicator Species Analysis was used to identify individual species associated 
with particular types of plots.
Results: The HG plots had lower values of Shannon H than LG plots, across all climatic 
regions. Further, the effect of grazing on species diversity varied between the climatic 
regions, with the most pronounced differences between the HG and LG plots in the 
sub-humid region. Although no differences in species diversity were detected be-
tween the three climatic regions, compositional heterogeneity was the highest in the 
sub-humid region and the lowest in the semi-arid region, with the most pronounced 
differences between the HG and LG plots in the sub-humid region. Indicator Species 
Analysis showed significant main effects of both climate and grazing on species com-
position, revealing species that respond to grazing in each of the three climatic regions.
Conclusions: Overgrazing was detected to reduce the diversity of species in all three 
climatic regions, even though its effect was most pronounced in the sub-humid re-
gion. Therefore, the control of overgrazing or reduction of its intensity appears an 
effective management tool for protecting species diversity, applicable in areas with 
different climates.
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1  | INTRODUC TION

Predicting and understanding the response of vegetation to envi-
ronmental and land-use changes have become a major concern 
in recent ecological research (McIntyre & Hobbs, 1999). In most 
grassland systems, precipitation (Adler & Levine, 2007) and grazing 
(Herrero-Jáuregui & Oesterheld, 2018; Zhang et al., 2018) are the 
most important factors, determining species diversity and ecosys-
tem functioning.

Understanding the effects of precipitation on species diversity 
is crucial for predicting the impacts of grazing on vegetation, espe-
cially in arid and semi-arid climatic regions, where water is the main 
limiting resource (Yan et al., 2015). The reduced vegetation cover 
and lower plant diversity increase the susceptibility of rangelands to 
the effects of climate change (Belgacem & Louhaichi, 2013; Hudson 
et al., 2014). The effect of climatic changes is often accentuated by 
shallow soils with low nutrient levels, which limit plant growth and 
cover and increase the potential for erosion (Hudson et al., 2014).

Disturbance, caused by the overgrazing by large herbivores, is 
considered as the main cause of land degradation in arid and semi-
arid regions worldwide (Zhang et al., 2018). Overgrazing is defined 
as a decrease of productivity (Adeel et al., 2005) and loss of bio-
diversity (Sala et al., 2000; Hanke et al., 2014). Intensive grazing 
directly shifts the composition of plant communities in a selective 
way, changing the structure and composition of communities at the 
expense of palatable species (see also Metera et al., 2010; Wan et al., 
2015) and may reduce competition by changing the light availability 
(Rook et al., 2004). Indirect effects of grazing on vegetation include 
soil compaction through trampling. By trampling, the grazing animals 
alter the structure and processes in the soil as well, mainly by re-
ducing the soil porosity (Lunt et al., 2007). The damage to the soil 
structure and the expansion of open surfaces may increase the ero-
sion and deflation of soil (Lu et al., 2017). Overgrazing can also affect 
the organic matter content of the soil by affecting the processes of 
mineralization and decomposition (Zhou et al., 2017). Of course, all 
of these changes affect the species composition.

The impact of high grazing intensity on plant diversity varies 
along the precipitation gradient (Schultz et al., 2011). In general, the 
effects of overgrazing on plant species composition and diversity are 
well documented for most of the world (Dianati Tilaki et al., 2010; 
Moradi et al., 2016; Wang & Wesche, 2016; Herrero-Jáuregui & 
Oesterheld, 2018). Rahmanian et al. (2019) focused on the effect of 
overgrazing on functional diversity of the community and functional 
traits of individual species present in intensively grazed and mini-
mally grazed plots located in arid, semi-arid and sub-humid climate. 
Overgrazing was found to affect functional diversity more than 
climate, even though climate affected soil parameters more than 
overgrazing. Various studies have found that species diversity de-
clines with an increase of grazing intensity in different regions (Todd, 
2006; Hanke et al., 2014), including northeastern Iran (Hassani et al., 
2008). In contrast, other studies found no negative effect on diver-
sity attributable to intensive grazing (Todd & Hoffman, 2009; Hanke 
et al., 2014) or have even detected a positive effect of high grazing 

intensity on diversity (Wilsey & Polley, 2003; Collins & Calabrese, 
2012). The different responses of vegetation to herbivory were 
mainly explained by the variability in resource availability and graz-
ing history (Milchunas et al., 1988; Lezama et al., 2014), as a high 
supply of water and nutrients may compensate for the loss of bio-
mass due to overgrazing (Borer et al., 2014). In water-limited envi-
ronments, intensive grazing is expected to increase plant mortality 
and therefore decrease species diversity (Ganjurjav et al., 2015). 
However, recent studies of arid ecosystems have demonstrated that 
the impact of overgrazing in arid rangelands may be exaggerated and 
confounded with the effects of climatic change (Sullivan & Rohde, 
2002; Zhu et al., 2017). On the other hand, many studies (see for 
example Proulx & Mazumder, 1998; Herrero-Jáuregui & Oesterheld, 
2018) have proposed that species diversity increases with high graz-
ing pressure across a humidity gradient, because of high competition 
between species in exclosures, particularly in humid environments, 
where competition for light is intensive. And when the dominant 
species are grazed, other species have a better chance to survive. 
The combined effect of climate and grazing on species diversity can 
be either smaller (antagonistic interaction) or larger (synergistic in-
teraction), than the sum of their individual main effects (De Chazal & 
Rounsevell, 2009; Ferger et al., 2017). Thus, it is questionable if veg-
etation responds to overgrazing in a simple, predictable way, making 
it possible to estimate the future composition of grazed communities 
in response to climatic change. Therefore, analysis of these poten-
tially interacting factors is crucial to understand the response of bio-
diversity to overgrazing in the context of a rainfall gradient (Brook 
et al., 2008; Mantyka-pringle et al., 2012).

According to the United Nations Development Program report, 
Iran is facing serious environmental challenges. The environmental 
and natural resources have been substantially degraded, mainly due 
to unsustainable development and consumption patterns, overpop-
ulation, institutional fragmentation and a number of socioeconomic 
problems, including social, economic, political, and cultural factors, 
resulting in the destruction of habitats and ecosystems (United 
Nations Development Program, 2006). Additionally, these impacts 
have been amplified by harsh environmental conditions such as fre-
quent and prolonged drought (Madani et al., 2016). Arid and semi-arid 
rangelands of Iran and the Middle East in general have experienced 
a long history (>4,000 years) of intensive livestock grazing (Jankju, 
2016). The effects of drought and overgrazing have been more in-
tense during recent decades, mostly due to human population growth.

Most results of previous research were based on local studies. 
Surprisingly, only a few of them were conducted in Iran (Akhani 
et al., 2013; Mahdavi et al., 2013), especially in its northeastern part 
(Jafari et al., 2015). The study region offers a unique opportunity to 
investigate the effects of different grazing levels under distinct cli-
matic conditions. By comparing the effects of grazing on vegetation 
under contrasting climates, our study contributes to an important 
issue in the context of the current literature on grazing (but see for 
example Díaz et al., 2007; Wang et al., 2017). We studied the re-
sponses of different plant communities to grazing and aimed to an-
swer the following questions: (a) Do the patterns in species diversity 
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and composition differ between plots exposed to high versus low 
grazing intensity? (b) Do effects of grazing vary among three regions 
with different climate, representing a gradient from arid to sub-hu-
mid conditions?

2  | METHODS

2.1 | Study region

We selected three different regions, characterized by arid, semi-
arid and sub-humid climatic regimes in northeastern Iran in the 
Khorassan-Kopet Dagh floristic province of the Irano-Turanian re-
gion (see Figure 1 and Appendix S1 for more details).

Khajeh Kalat (the driest region in our study system) is located 
in the eastern Kopet Dagh and classified as a subtropical semi-sa-
vanna (Karimi et al., 2009). The area has a dry climate (based on the 
de Martonne aridity index). The mean annual precipitation (20-year 
mean) is 255 mm. Most of the flora consists of ephemerals and/
or short life-span perennial grasses and forbs. The dominant spe-
cies is Pistacia vera, accompanied by Artemisia kopetdaghensis, Poa 
bulbosa, Amygdalus spinosissima, Bunium persicum, Ephedra foliata, 
Zygophyllum atriplicoides etc. (Ahani et al., 2013).

Baharkish rangeland is a semi-arid region in the eastern part of 
Khorassan-Kopet Dagh. The mean annual precipitation (20-year 
mean) is 354.4 mm. The main vegetation type is Artemisia steppe 
in mid elevations, thorn-cushion communities with Acantholimon er-
inaceum, Acantholimon raddeanum, Acanthophyllum glandulosum and 
Onobrychis cornuta, mixed with grasses of mountain steppes (Festuca 
valesiaca and Stipa sp.) and also with dwarf shrubs (Ephedra interme-
dia, Hymenocrater sp. div. and Rosa sp. div.; Memariani et al., 2016a).

Darkesh area represents the sub-humid zone, which is the wet-
test region within our study system. It is located in the western part 
of Khorassan-Kopet Dagh. The mean annual precipitation (20-year 
mean) is 600 mm. Because of topographic and climatic variations, 
several vegetation types have developed in the area: dense stands 
of Juniperus polycarpos and Quercus castaneifolia woodlands in high 
mountains, Acer monspessulanum subsp. turcomanicum and Crataegus 
sp. in open shrublands, early successional scrubs with Paliurus spi-
na-christi in the foothills, and Festuca valesiaca and Stipa steppes 
— sometimes combined with other vegetation types such as grassy 
montane steppes (Memariani et al., 2016b).

2.2 | Sampling design

The sampling areas were hierarchically arranged in a nested 
sampling design, with four hierarchical levels: three climatic regions; 
6–7 sampling areas in each climatic region; one intensively grazed 
and one ungrazed site in each sampling area; and 5 HG and 5 LG 
plots in each of these sites. The size of the studied regions under 
each climate was 1,600 ha, 1,035 ha and 2,000 ha for the arid, 
semi-arid and sub-humid conditions, respectively. The sampling 
areas were of similar size (3–5 ha) across all three climatic regions. 
The mean distance between individual sampling areas within each 
of the three climatic regions was 1.63 (±0.51) km and the minimal 
distance between two sampling areas was 1 km. The HG plots were 
exposed to heavy grazing (therefore considered as overgrazed 
and termed “high-grazing plots”; 3 AUM per ha, 90% sheep and 
10% goats – see Appendix S3), whereas the LG plots were located 
within exclosures (and termed “low-grazing plots”). These had been 
prevented from grazing for around 35 years in all three regions, 

F I G U R E  1   Map of the study area in 
NE Iran, showing the Khajeh Kalat as 
an arid region, with ~255 mm of annual 
precipitation, Baharkish rangeland as 
a semi-arid region, with ~354 mm of 
annual precipitation, and Darkesh as 
a sub-humid region, with ~600 mm of 
annual precipitation (see Appendix S1 
for more details on the sampling areas). 
The fitted surfaces indicate mean annual 
precipitation
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even though occassional grazing by goats has been observed (0.5 
AUM per ha), as goats can climb the fences and it is difficult to 
keep them away (for more information on the grazing history, see 
Appendix S3). In addition to the grazing status given by the history 
of the exclosure, we also measured grazing intensity as the median 
number of droppings (56 ± 12 in the HG and 12 ± 6 in the LG plots) 
and also as the width of horizontal paths of livestock (0.27 ± 0.09 m 
for the HG plots and 0.04 ± 0.04 m for the LG plots). Within each 
sampling area, the mean distance between the LG and HG plots 
was 20 m. The individual HG/LG plots of 1 m × 1 m were placed 
randomly, in a relatively homogeneous area in terms of topography, 
land use and vegetation. This sampling scheme certainly does not 
include the whole species pool of these habitats. However, our aim 
was not to describe either flora or vegetation of these regions, but 
rather to perform unbiased comparisons between the HG and LG 
analogues (see the species–area curves in Appendix S4). Each plot 
was characterized by its geographic coordinates and altitude. In 
2017, the abundance (cover percentage) of all plant species was 
recorded between April and June, when the growing season peaks 
in these regions. The species names were standardized according 
to Flora Iranica.

2.3 | Statistical analyses

2.3.1 | The effects on species diversity

The differences in species diversity between the HG and LG 
plots and across the three climatic regions were tested using lin-
ear mixed-effect models, with “sampling areas” as random effect 
(nested in “climatic region”), “climatic region” and “grazing” as fixed 
effects and Shannon diversity (H) as a response variable. The main 
effect of grazing was tested in a separate model, in which both the 
"climatic region" and "sampling areas" were set as random factors, 
hierarchically arranged. The significance of the individual terms (cli-
mate, grazing and climate:grazing interaction) was tested by com-
paring the models with and without a particular term or interaction. 
The comparisons were made usig the Aikaike Information Criterion, 
which evaluates the explanatory power and complexity of indi-
vidual models (see for example Lukacs et al., 2007). All univariate 
analyses were performed in the "nlme" package of the R software 
(R Core Team, R Foundation for Statistical Computing, Vienna, 
Austria). The normality of the input data was assessed based on 
Shapiro–Wilk tests, and the normality of residuals was checked 
visually, by plotting the observed values against the fitted values.

2.3.2 | Analysis of the effects on species 
composition

We estimated the compositional heterogeneity within and between 
different subsets of the data using the Bray–Curtis distances 
(ANOSIM package in the "R" software, version 3.5.1; R Core Team, 

2018) and tested the differences between different subsets of the 
data (arid, semi-arid and sub-humid climatic region, LG versus HG 
plots) using the Dissimilarity analysis framework (Clarke, 1993; 
R Core Team, R Foundation for Statistical Computing, Vienna, 
Austria). This analysis is based on comparisons of the ranks of 
inter-class distances to the ranks of intra-class distances. Then, we 
separated the compositional heterogeneity among the different 
subsets of data, defined by climate, grazing and their interaction 
(permutational multivariate analysis of variance, ADONIS package, 
R Core Team, 2018).

The fact that the "sampling areas" were nested in "climatic re-
gions" and that the individual plots were nested in the "sampling 
areas", was treated by the "strata" parameter, which made sure that 
the plots were permuted within the corresponding levels of the fac-
tors above in the hierarchy of the data.

The main effect of grazing was tested in a model where the HG–
LG plots were permuted within the sampling areas. This arrangement 
made sure that the HG–LG plots were permuted within homoge-
nous units, filtering out the spatial effects given by the position of 
individual sampling areas. Further, we compared the compositional 
heterogeneity between the HG and LG plots within each climatic 
region (Table 2). The interaction between climate and grazing was 
tested in a similar model, with the HG–LG plots permuted within 
the sampling areas. We used permutation tests (999 permutations — 
Permutational Analysis of Multivariate Variance: Anderson, 2017) to 
test the significance of the differences between climatic regions, be-
tween the HG vs. LG plots as well as that of the interaction of these 
two factors. The functions ADONIS and ANOSIM are both part of 
the "VEGAN" package of the R software (R Core Team, R Foundation 
for Statistical Computing, Vienna, Austria).

Further, we used Indicator Species Analysis to reveal the pref-
erences of individual species for the HG vs. LG plots, for each cli-
matic region seperately. Using this approach, we can identify species 
sensitive to grazing. Indicator Species Analysis has two main com-
ponents: (a) recorded on either HG or LG plots only (exclusivity); 
(b) recorded on all samples within a particular group (fidelity). We 
assigned an Indicator Value Index to all species, identifying species 
with the highest association values. We used permutation tests (999 
permutations) to estimate the statistical significance of individual 
species´ indicator values (Dufrene & Legendre, 1997). The Indicator 
Species Analyses were performed using the "indicspecies" package 
of the R software (R Core Team, 2018).

3  | RESULTS

3.1 | Plant species diversity across different grazing 
intensities and climatic regions

In total, 337 plant species were recorded in all three climatic regions, 
with 192 species recorded in the sub-humid, 115 in the semi-arid 
and 137 species in the arid region. No significant differences in 
mean values of Shannon index (H) of species diversity were detected 
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among the three climatic regions (Table 1). However, the HG plots 
had lower species diversity (expressed as Shannon H), compared to 
the LG plots across the three climatic regions (Figure 2a). Further, 
the climate × grazing interaction was statistically significant and the 
differences between the HG and LG plots were most pronounced in 
the sub-humid climatic region (Table 1, Figure 2a).

3.2 | Species composition across different grazing 
intensities and climatic regions

As shown by the tests based on the Bray–Curtis distances 
(PERMANOVA), the compositional heterogeneity differed signifi-
cantly between the climatic regions (p = 0.001), as well as between 
the HG–LG plots (p = 0.001). The climate × grazing interaction was 
also significant (p = 0.001; Table 2). The effect of grazing was most 
pronounced in the sub-humid region (Table 2). The ANOSIM also 
shows that there are differences in the variability explained by the 
individual terms within the model: the factor climatic region explains 
more variability in the data (p < 0.001; Figure 2b) than the factor 
grazing (p = 0.001; Figure 2b) and their interaction grazing × climatic 
region (arid: p = 0.01, semi-arid: p = 0.57, sub-humid: p = 0.001; 
Figure 2b — see Table 2). Moreover, comparison of the explanatory 
power of the terms within the Dissimilarity analysis shows that the 
overall effect of the climate × grazing interaction was not larger than 
the sum of the individual main effects of climate or grazing.

3.3 | Indicator species of different levels of 
grazing intensity

As shown by the Indicator Species Analysis, Poa bulbosa, Salsola 
dendroides, Avena sterilis, Convolvulus arvensis, Polygonum arenastrum, 
Verbascum cheiranthifolium and Aegilops triuncialis were more likely 
to be found on the HG plots, and Vicia peregrina, Cymbolaena grifity, 
Allium rubellum, Thalictrum sultanabadense, Bromus kopetdagensis, 
Astragalus jolderensis, Dactylis glomerata, Crupina vulgaris, Viola 
odorata, Tanacetum parthenium, Vicia sativa, Galium tricornutum, 
Quercus castaneifolia and Lonicera nummulariifolia were typical for 
the LG plots in all three climatic regions (see Table 3 for details and 
indicator species specific for particular climatic regions).

4  | DISCUSSION

4.1 | Effects of grazing and climate on species 
diversity

We detected a negative effect of overgrazing on species diversity 
under the three different climates, that is, across the whole study 
system (see also Osem et al., 2002; Erfanzadeh et al., 2015; Herrero-
Jáuregui & Oesterheld, 2018). The significant effect of grazing on 
species diversity across different climatic regions in northeastern 
Iran contradicts the results obtained by a number of field studies 
from southern African drylands, which found that grazing has little 
effect on species diversity (Todd & Hoffman, 2009; Rutherford 
& Powrie, 2013; Saayman et al., 2016). In a series of fence-line 
studies, Rutherford and Powrie (2010) reported that intense grazing 
may even increase species diversity of the grazed communities by 
increasing evenness. Rutherford et al. (2012) reported an increase in 
evenness due to the suppression of dominant species that resulted 
in higher species diversity of heavily grazed communities. However, 
in our study, the high grazing intensity decreased the species 
diversity, most likely by eliminating the palatable species. This means 
that the effect of grazing depends on the type of grazed community 
even within a single climatic situation and, most importantly, it 
depends on the intensity of grazing (Tóth et al., 2018). In our study, 
it is therefore likely that the detected suppressive effect of grazing 
is due to its high intensity, as overgrazing is known to strongly 
suppress species diversity. Overgrazing is known to cause a non-
random, directional loss of species, as the most palatable species 
are lost first from the community (see also Milton et al., 1994). In 
addition to species loss, intensive grazing reduces the above-ground 
biomass. This is partly because the remaining species cannot fully 
compensate for the species loss due to grazing (Verón et al., 2011) 
and also due to the defoliation of even the remaining, grazing-
tolerant plants. Furthermore, grazing early in the season represents 
a serious problem for the Iranian and Middle Eastern rangelands. 
On the HG sites, grazing starts about one month before the major 
forage plants have grown up enough to protect the soil, which then 
gets heavily trampled (Ajorlo, 2005; Haji-Rahimi & Ghaderzadah, 
2008). Even though extreme arid conditions are known to suppress 
diversity (Arroyo et al., 1988), we did not detect any significant 
differences in species diversity between the three climatic regions 
(see also Ricklefs et al., 2004; Herrero-Jáuregui & Oesterheld, 2018). 
This may be due to the fact that the precipitation gradient within 
our study system does not really include extremely dry conditions, 
in which the species diversity would be limited by drought stress. 
Most importantly, even though there are no significant differences 
in species diversity between the climatic regions, we found a highly 
significant interaction between the effect of climate and grazing on 
species diversity, with the most pronounced differences between 
the HG and LG plots detected in the sub-humid region, representing 
the wettest area in our study system. Apparently, the suppressive 
effect of grazing was strongest in the sub-humid conditions, where 
the diversity is unlikely to be limited by drought. This may be partly 

TA B L E  1   Results of linear mixed-effect models testing the 
effects of climate, grazing and the climate × grazing interaction on 
species diversity (Shannon H)

DF term t-value p-value

Climate 2 1.277 0.48

Grazing 1 86.978 <0.001***

Climate × Grazing 2 31.275 <0.001***

Note: The main effect of grazing was tested in a separate model, in 
which “climatic regions” were included among the random effects.
***p < 0.001 
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due to the high proportion of endemics in this region, which mostly 
rank among well-palatable species. Further, it is possible that grazing 
represents the most important limiting factor in conditions that 
are rich in resources and, therefore, most species are adapted to 
competition, rather than to the stress and disturbances induced 
by intensive grazing and trampling (see also Stevens et al., 2012; 
Lezama & Paruelo, 2016). Given that sub-humid regions receive 
stable and sufficient precipitation, plant–herbivore interactions may 

be the main driver of vegetation dynamics (see also Lauenroth & 
Burke, 2008; Milchunas et al., 2008). In accordance with the non-
equilibrium theory (a more dynamic and less predictable perception 
of ecosystem dynamics accounting for disturbances, spatial 
heterogeneity, and multiple stable states; Briske et al., 2017), steppes 
in the arid and semi-arid regions of northeastern Iran differ in their 
flora and vegetation from the sub-humid region, where most species 
are adapted to drought and herbivory stress by possessing toxic 

F I G U R E  2   (a) Shannon H on the high (HG) and low (LG) grazing intensity plots and in the three climatic regions. (b) Using permutation 
tests, analysis of the dissimilarities provides a way how to test the differences between the climatic regions, between grazing regimes as well 
as the interaction of these factors. The y-axis represents the compositional heterogeneity of different types of plots, expressed by the Bray–
Curtis distances. If the groups of sampling units differ in their species composition, then the compositional heterogeneity between groups is 
larger than that within the groups (999 permutations). The figure shows there are significant differences between the three climatic regions. 
The differences between the HG and LG intensities are significant in the arid and sub-humid climatic region
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compounds or spiny leaves and stems. Therefore, the differences 
between the HG and LG plots are less pronounced in the arid and 
semi-arid region (Rahmanian et al., 2019).

Interestingly, the decrease in species diversity resulting from 
overgrazing is not necessarily associated with a decrease in the com-
munity functional diversity. However, the effect of overgrazing on 
species diversity ad functional diversity as well as on the represen-
tation of individual functional traits was consistently detected to be 
the most profound in the subhumid climatic region (Rahmanian et al., 
2019).

4.2 | Effects of grazing and climate on species 
composition

Our results confirm the importance of the precipitation gradient 
in structuring plant communities in northeastern Iran. The 
heterogeneity in species composition differs significantly between 
the climatic regions, as well as between the HG and LG plots. 
The compositional heterogeneity between the HG and LG plots 
was detected to be largest in the sub-humid region, which is in 
accordance with the results on species diversity. However, when 
species diversity decreased due to intensive grazing, compositional 
heterogeneity increased. This increase may result from the 
suppression of some species, possibly dominants, by heavy grazing. 
In a relatively affluent environment, where species can be presumed 
to be adapted to competition rather than to the stress of aridity, 
intensive grazing causes massive changes in species composition.

The effect of overgrazing on heterogeneity in species compo-
sition is in accordance with the results of Asner et al. (2004), who 
observed that the increased spatial heterogeneity of vegetation 
may be an overarching pattern in desertification processes across 
ecosystems. Intensive grazing may also increase the variation in 
community composition by promoting the vegetation’s patchiness 
and heterogeneity in resource distribution (de Bello et al., 2007). 
Spatial heterogeneity can also arise from localized urine and dung 
deposition, trampling paths, and erosion rills (Olff & Ritchie, 1998). 
Further, comparison of the explanatory power of the terms within 
the Dissimilarity analysis shows that the overall effect of the 

climate × grazing interaction was not larger than the sum of their 
individual main effects, suggesting that these two factors interact in 
antagonistically. Species diversity alone does not adequately reflect 
shifts in vegetation structure in response to intensive grazing in the 
northeast of Iran. Our results suggest that it is important to con-
sider shifts in species composition as well to achieve a more complex 
assessment.

The Indicator Species Analysis revealed species typical for each 
of the three regions, defined by the climate and precipitation (see 
also Milchunas et al., 1988; Díaz et al., 2007). The significant main 
effect of grazing is more interesting compared to the main effect of 
climate (de Bello et al., 2005), as it suggests that there are species 
sensitive to grazing that are shared by the three climatic regions,. 
Quercus castaneifolia and Lonicera nummulariifolia were identified as 
indicator species of the LG plots, probably because their seedlings 
and saplings are consumed by grazing animals and can only survive in 
exclosures. The canopy of these woody species may create a suitable 
habitat for some herbaceous species, like Dactylis glomerata, Crupina 
vulgaris or Galium tricornutum. On the other hand, sun flecks and 
open spaces, caused by the severe grazing, provide an opportunity 
for ruderal species to establish. Of course, populations of palatable 
species decline rapidly in grazed habitats (Díaz et al., 2007), being 
replaced by weedy or ruderal plants (Bullock et al., 2001; Pakeman, 
2004), like Poa bulbosa, Aegilops triuncialis and Avena sterilis. These 
species produce less biomass and are not very attractive for live-
stock, but compete successfully with other species in the area. Some 
of the indicator species of the HG plots prefer open areas, such as 
Convolvulus arvensis and Polygonum arenastrum. They can germinate 
and establish better on microsites with bare ground, usually during 
the early successional stages or after trampling by livestock.

The significant interaction of the effects of climate and grazing 
shows that specific species respond to grazing in each of the three 
climatic regions. In the arid and semi-arid regions, the species with a 
opportunistic strategy, like Poa bulbosa and Galium humifusum, were 
only found in the HG plots and palatabale species, like Vicia sativa 
and Astragalus jolderensisi, were only found in the LG plots. In the 
sub-humid region, most species may be competitive rather than tol-
erant to stress and disturbance and are therefore likely to disappear 
from the HG plots. This may be the reason that grazing has the most 

TA B L E  2   Effects of climate and grazing on plant species composition, based on PERMANOVA (permutation tests with Bray–Curtis 
distances as importance values and with 999 permutations)

PERMANOVA DF term F R2 p-value

Between three climatic regions Climate 2 10.28 0.09 0.001***

Grazing 1 3.59 0.01 0.001***

Climate:Grazing 2 2.92 0.02 0.001***

Within each climatic region Grazing in the arid region 1 2.74 0.04 0.002**

Grazing in the semi-arid region 1 1.7 0.02 0.003**

Grazing in the sub-humid region 1 4.99 0.06 0.001***

***p < 0.001 
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profound effect on species composition in the sub-humid region. It 
was mostly palatable species that were identified as significant in-
dicators of the LG plots in the sub-humid region, such as Dactylis 
glomerata, Crupina vulgaris, Viola odorata or Tanacetum parthenium 
(see Table 3). Unpalatable species, like Verbascum cheiranthifolium, 
were exlusively found on the HG plots.

Protecting at least some parts of rangelands from overgrazing 
should help maintain high levels of biodiversity, as well as prevent 
future economic losses. Most discussions on rangeland degrada-
tion have focused on the effects of overgrazing (Eswaran et al., 
2001; Asner et al., 2004; Steinfeld et al., 2006). The sustainable 

management of pastoral ecosystems should seek to find a bal-
ance between production and protection of diversity. Such an 
approach also gives the best chances for sustainable pastoral 
agriculture.

5  | CONCLUSION

Overgrazing reduces the diversity of species in all three climatic 
regions. However, the supressive effect of overgrazing on species 
diversity is most pronounced in the sub-humid climatic region, which 

TA B L E  3   List of indicator species for the high (HG) and low (LG) grazing intensity plots in all three climatic regions (arid, semi-arid and 
sub-humid)

Arid (A) Arid (B) Semi-arid (A) Semi-arid (B) Sub-humid (A) Sub-humid (B)

High grazing intensity (HG)

Poa bulbosa 0.866** 0.567 0.950* 0.229

Salsola dendroides 0.876* 0.300

Galium humifusum 1.0000* 0.1714

Avena sterilis 0.900* 0.257

Verbascum cheiranthifolium 1.000** 0.257

Callicephalus nitens 1.000** 0.229

Convolvulus arvensis 1.000* 0.200

Polygonum arenastrum 1.000* 0.171

Aegilops triuncialis 0.942* 0.171

Low grazing intensity (LG)

Vicia peregrina 0.929** 0.300

Cymbolaena grifity 0.919** 0.300

Allium rubellum 1.000** 0.267

Ferula oopoda 1.000* 0.200

Thalictrum sultanabadense 1.000* 0.200

Vicia sativa 0.961* 0.168

Alyssum singarense 1.000* 0.171

Bromus kopetdagensis 1.000* 0.143

Astragalus jolderensis 0.914* 0.229

Dactylis glomerata 0.881*** 0.686

Crupina vulgaris 0.951** 0.286

Galium tricornutum 0.919** 0.286

Quercus castaneifolia 1.000** 0.257

Galium humifusum 1.000** 0.229

Viola odorata 1.000** 0.229

Bromus sterilis 1.000** 0.200

Lonicera nummulariifolia 1.000* 0.200

Acer monspessulanum 1.000* 0.171

Galium spurium 1.000* 0.171

Tanacetum parthenium 1.000* 0.171

Bromus danthoniae 0.974* 0.171

Prunus pseudoprostrata 1.000* 0.143

Note: "A" represents the exclusivity of species, while "B" represents their fidelity. Significances refer to indicator values (A × B) (*p < 0.05; **p < 0.01; 
***p < 0.001; permutations = 999).
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is the wettest in our study system. The compositional heterogeneity, 
expressed by the Bray–Curtis distances, shows a somewhat similar 
pattern: the differences between the HG and LG plots are most 
pronounced in the sub-humid region, showing that the reduction of 
diversity is associated with changes in species composition.

The effect of livestock overgrazing and its interaction with cli-
mate was found to be an important factor, limiting the diversity of 
plants in the rangelands of northeastern Iran. The fact that the neg-
ative effect of grazing was detected across the three climatic regions 
shows that overgrazing is a major, universal problem. These results 
can be useful for the management of montane rangelands, in the 
context of global climatic and land-use change.

ACKNOWLEDG EMENTS
Special thanks go to Mohammad Reza Joharchi and Zohre Atashgahi 
for their assistance during the identification of plants.

AUTHOR CONTRIBUTIONS
HE and MF conceived of the research idea; SR collected data; SR and 
MH performed statistical analyses; SR with contributions from MH 
wrote the paper; all authors discussed the results and commented 
on the manuscript.

DATA AVAIL ABILIT Y S TATEMENT
Data used in this study are given in Appendix S5.

ORCID
Hamid Ejtehadi  https://orcid.org/0000-0003-0681-5377 

R E FE R E N C E S
Adeel, Z., Safriel, U., Niemeijer, D., & White, R. (2005). Ecosystems 

and Human Well-being: Desertification Synthesis. A report of the of 
the Millennium Ecosystem Assessment. Washington, DC: World 
Resources Institute.

Adler, P.B. and Levine, J.M. (2007) Contrasting relationships between 
precipitation and species richness in space and time. Oikos, 116, 221–
232. https://doi.org/10.1111/j.0030-1299.2007.15327.x

Ahani, H., Jalilvand, H. and Marjani, S.N. (2013) Investigation of 
Rahimabad pistachio (Pistacia vera L.) forest of Mashhad, Iran. 
International Journal of Geology, Agriculture and Environmental 
Sciences, 1, 1–8.

Ajorlo, M. (2005) Evaluation and mapping of rangelands degradation 
using Remotely Sensed Data. Sociedade & Natureza, 1, 727–735.

Akhani, H., Mahdavi, P., Noroozi, J. and Zarrinpour, V. (2013) Vegetation 
patterns of the Irano-Turanian steppe along a 3,000 m altitudinal gra-
dient in the Alborz Mountains of Northern Iran. Folia Geobotanica, 
48, 229–255. https://doi.org/10.1007/s1222 4-012-9147-8

Anderson, M.J. (2017) Permutational multivariate analysis of variance 
(PERMANOVA). Wiley statsref: statistics reference online, 1–15. 
https://doi.org/10.1002/97811 18445 112.stat0 7841

Arroyo, M.T.K., Squeo, F.A., Armesto, J.J. and Villagran, C. (1988) Effects 
of aridity on plant diversity in the northern Chilean Andes: Results 
of a natural experiment. Annals of the Missouri Botanical Garden, 75, 
55–78. https://doi.org/10.2307/2399466

Asner, G.P., Elmore, A.J., Olander, L.P., Martin, R.E. and Harris, A.T. 
(2004) Grazing systems, ecosystem responses, and global change. 
Annual Review of Environment and Resources, 29, 261–299. https://doi.
org/10.1146/annur ev.energy.29.062403.102142

Belgacem, A.O. and Louhaichi, M. (2013) The vulnerability of native 
rangeland plant species to global climate change in the West Asia 
and North African regions. Climatic Change, 119, 451–463. https://
doi.org/10.1007/s1058 4-013-0701-z

Borer, E.T., Seabloom, E.W., Gruner, D.S., Harpole, W.S., Hillebrand, H., 
Lind, E.M. et al. (2014) Herbivores and nutrients control grassland 
plant diversity via light limitation. Nature, 508, 517–520. https://doi.
org/10.1038/natur e13144

Briske, D.D., Illius, A.W. and Anderies, J.M. (2017). Nonequilibrium ecol-
ogy and resilience theory. In D.D. Briske (Ed.), Rangeland systems: 
Processes, management and challenges (pp. 197–227). Cham: Springer. 
https://doi.org/10.1007/978-3-319-46709 -2_6

Brook, B.W., Sodhi, N.S. and Bradshaw, C.J. (2008) Synergies among ex-
tinction drivers under global change. Trends in Ecology & Evolution, 23, 
453–460. https://doi.org/10.1016/j.tree.2008.03.011

Bullock, J.M., Franklin, J., Stevenson, M.J., Silvertown, J., Coulson, S.J., 
Gregory, S.J. et al. (2001) A plant trait analysis of responses to graz-
ing in a long-term experiment. Journal of Applied Ecology, 38, 253–
267. https://doi.org/10.1046/j.1365-2664.2001.00599.x

Clarke, K.R. (1993) Non-parametric multivariate analyses of changes 
in community structure. Australian Journal of Ecology, 18, 117–143. 
https://doi.org/10.1111/j.1442-9993.1993.tb004 38.x

Collins, S.L. and Calabrese, L.B. (2012) Effects of fire, grazing and 
topographic variation on vegetation structure in tallgrass prai-
rie. Journal of Vegetation Science, 23, 563–575. https://doi.
org/10.1111/j.1654-1103.2011.01369.x

de Bello, F., Lepš, J. and Sebastià, M.-T. (2005) Predictive value 
of plant traits to grazing along a climatic gradient in the 
Mediterranean. Journal of Applied Ecology, 42, 824–833. https://doi.
org/10.1111/j.1365-2664.2005.01079.x

de Bello, F., Lepš, J. and Sebastià, M.-T. (2007) Grazing effects on the 
species-area relationship: Variation along a climatic gradient in 
NE Spain. Journal of Vegetation Science, 18, 25–34. https://doi.
org/10.1111/j.1654-1103.2007.tb025 12.x

De Chazal, J. and Rounsevell, M.D. (2009) Land-use and climate 
change within assessments of biodiversity change: A review. Global 
Environmental Change, 19, 306–315. https://doi.org/10.1016/j.gloen 
vcha.2008.09.007

Dianati Tilaki, G.A., Naghipour Borj, A.A., Tavakoli, H. and Haidarian 
Aghakhani, M. (2010) The effects of exclosure on plants in the semi-
arid rangeland of North Khorasan province, Iran. Desert, 15, 45–52.

Díaz, S., Lavorel, S., McIntyre, S.U.E., Falczuk, V., Casanoves, F., 
Milchunas, D.G. et al. (2007) Plant trait responses to grazing – a 
global synthesis. Global Change Biology, 13, 313–341. https://doi.
org/10.1111/j.1365-2486.2006.01288.x

Dufrene, M. and Legendre, P. (1997) Species assemblages and indi-
cator species: The need for a flexible asymmetrical approach. 
Ecological Monographs, 67, 345–366. https://doi.org/10.1890/0012-
9615(1997)067[0345:SAAIS T]2.0.CO;2

Erfanzadeh, R., Omidipour, R. and Faramarzi, M. (2015) Variation of plant 
diversity components in different scales in relation to grazing and 
climatic conditions. Plant Ecology and Diversity, 8, 537–545. https://
doi.org/10.1080/17550 874.2015.1033774

Eswaran, H., Lal, R., & Reich, P.F. (2001). Land degradation: An over-
view. In E.M. Bridges, I.D. Hannam, L.R. Oldeman, F.W.T. Pening de 
Vries, S.J. Scherr, & S. Sompatpanit (Eds.), Responses to land degra-
dation. Proc. 2nd. International Conference on Land Degradation and 
Desertification, Khon Kaen, Thailand (pp. 20–35). New Delhi, India: 
Oxford Press.

Ferger, S.W., Peters, M.K., Appelhans, T., Detsch, F., Hemp, A., Nauss, T. 
et al. (2017) Synergistic effects of climate and land use on avian be-
ta-diversity. Diversity and Distributions, 23, 1246–1255. https://doi.
org/10.1111/ddi.12615

Ganjurjav, H., Duan, M.J., Wan, Y.F., Zhang, W.N., Gao, Q.Z., Li, Y. et al. 
(2015) Effects of grazing by large herbivores on plant diversity and 

https://orcid.org/0000-0003-0681-5377
https://orcid.org/0000-0003-0681-5377
https://doi.org/10.1111/j.0030-1299.2007.15327.x
https://doi.org/10.1007/s12224-012-9147-8
https://doi.org/10.1002/9781118445112.stat07841
https://doi.org/10.2307/2399466
https://doi.org/10.1146/annurev.energy.29.062403.102142
https://doi.org/10.1146/annurev.energy.29.062403.102142
https://doi.org/10.1007/s10584-013-0701-z
https://doi.org/10.1007/s10584-013-0701-z
https://doi.org/10.1038/nature13144
https://doi.org/10.1038/nature13144
https://doi.org/10.1007/978-3-319-46709-2_6
https://doi.org/10.1016/j.tree.2008.03.011
https://doi.org/10.1046/j.1365-2664.2001.00599.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1654-1103.2011.01369.x
https://doi.org/10.1111/j.1654-1103.2011.01369.x
https://doi.org/10.1111/j.1365-2664.2005.01079.x
https://doi.org/10.1111/j.1365-2664.2005.01079.x
https://doi.org/10.1111/j.1654-1103.2007.tb02512.x
https://doi.org/10.1111/j.1654-1103.2007.tb02512.x
https://doi.org/10.1016/j.gloenvcha.2008.09.007
https://doi.org/10.1016/j.gloenvcha.2008.09.007
https://doi.org/10.1111/j.1365-2486.2006.01288.x
https://doi.org/10.1111/j.1365-2486.2006.01288.x
https://doi.org/10.1890/0012-9615(1997)067[0345:SAAIST]2.0.CO;2
https://doi.org/10.1890/0012-9615(1997)067[0345:SAAIST]2.0.CO;2
https://doi.org/10.1080/17550874.2015.1033774
https://doi.org/10.1080/17550874.2015.1033774
https://doi.org/10.1111/ddi.12615
https://doi.org/10.1111/ddi.12615


560  |    
Applied Vegetation Science

RAHMANIAN et Al.

productivity of semi-arid alpine steppe on the Qinghai-Tibetan 
Plateau. The Rangeland Journal, 37, 389–397. https://doi.org/10.1071/
RJ14127

Haji-Rahimi, M. and Ghaderzadah, H. (2008) The challenges of sustain-
able management in renewable natural resources in Iran: A SWOT 
Strenght. American-Eurasian Journal of Agriculture and Environmental 
Sciences, 3, 194–199.

Hanke, W., Böhner, J., Dreber, N., Jürgens, N., Schmiedel, U., Wesuls, 
D. et al. (2014) The impact of livestock grazing on plant diver-
sity: An analysis across dryland ecosystems and scales in south-
ern Africa. Ecological Applications, 24, 1188–1203. https://doi.
org/10.1890/13-0377.1

Hassani, N., Asghari, H.R., Frid, A.S. and Nurberdief, M. (2008) 
Impacts of overgrazing in a long term traditional grazing ecosys-
tem on vegetation around watering points in a semi-arid range-
land of North-Eastern Iran. Pakistan Journal of Biological Sciences, 
11, 1733–1737.

Herrero-Jáuregui, C. and Oesterheld, M. (2018) Effects of grazing in-
tensity on plant richness and diversity: A meta-analysis. Oikos, 127, 
757–766. https://doi.org/10.1111/oik.04893

Hudson, L.N., Newbold, T., Contu, S., Hill, S.L., Lysenko, I., De Palma, 
A. et al. (2014) The PREDICTS database: A global database of how 
local terrestrial biodiversity responds to human impacts. Ecology and 
Evolution, 4, 4701–4735. https://doi.org/10.1002/ece3.1303

Jafari, S.M., Zarre, S., Alavipanah, S.K. and Ghahremaninejad, F. (2015) 
Functional turnover from lowland to montane forests: Evidence from 
the Hyrcanian forest in northern Iran. iForest - Biogeosciences and 
Forestry, 8, 359–367. https://doi.org/10.3832/ifor1 002-008

Jankju, M. (2016) Potential and constraints on dryland restoration: Case 
studies from Iran. In: Squires, V.R. (Ed.) Ecological Restoration: Global 
Challenges, Social Aspects and Environmental Benefits. New York, NY: 
Nova Publishers, pp. 177–192.

Karimi, H., Zamani, Z., Ebadi, A. and Fatahi, M. (2009) Morphological 
diversity of Pistacia species in Iran. Genetic Resources and 
Crop Evolution, 56, 561–571. https://doi.org/10.1007/s1072 
2-008-9386-y

Lauenroth, W.K. and Burke, I.C. (2008) Ecology of the Shortgrass Steppe: 
A Long-term Perspective. Oxford and New York: Oxford University 
Press.

Lezama, F., Baeza, S., Altesor, A., Cesa, A., Chaneton, E. J., & Paruelo, J. 
M. (2014). Variation of grazing-induced vegetation changes across a 
large-scale productivity gradient. Journal of Vegetation Science , 25(1), 
8-21. https://doi.org/10.1111/jvs.12053

Lezama, F. and Paruelo, J.M. (2016) Disentangling grazing effects: 
Trampling, defoliation and urine deposition. Applied Vegetation 
Science, 19, 557–566. https://doi.org/10.1111/avsc.12250

Lu, X., Kelsey, K.C., Yan, Y., Sun, J., Wang, X., Cheng, G. et al. (2017) 
Effects of grazing on ecosystem structure and function of alpine 
grasslands in Qinghai-Tibetan Plateau: A synthesis. Ecosphere, 8, 
e01656. https://doi.org/10.1002/ecs2.1656

Lukacs, P.M., Thompson, W.L., Kendall, W.L., Gould, W.R., Doherty, P.F. Jr, 
Burnham, K.P. et al. (2007) Concerns regarding a call for pluralism of 
information theory and hypothesis testing. Journal of Applied Ecology, 
44, 456–460. https://doi.org/10.1111/j.1365-2664.2006.01267.x

Lunt, I.D., Eldridge, D.J., Morgan, J.W. and Witt, G.B. (2007) A frame-
work to predict the effects of livestock grazing and grazing exclusion 
on conservation values in natural ecosystems in Australia. Australian 
Journal of Botany, 55, 401–415. https://doi.org/10.1071/BT06178

Madani, K., AghaKouchak, A. and Mirchi, A. (2016) Iran’s socio-economic 
drought: challenges of a water-bankrupt nation. Iranian Studies, 49, 
997–1016. https://doi.org/10.1080/00210 862.2016.1259286

Mahdavi, P., Akhani, H. and Van der Maarel, E. (2013) Species diversity 
and life-form patterns in steppe vegetation along a 3000 m altitu-
dinal gradient in the Alborz Mountains, Iran. Folia Geobotanica, 48, 
7–22. https://doi.org/10.1007/s1222 4-012-9133-1

Mantyka-pringle, C.S., Martin, T.G. and Rhodes, J.R. (2012) Interactions 
between climate and habitat loss effects on biodiversity: A system-
atic review and meta-analysis. Global Change Biology, 18, 1239–1252. 
https://doi.org/10.1111/j.1365-2486.2011.02593.x

McIntyre, S. and Hobbs, R. (1999) A framework for conceptualizing 
human effects on landscapes and its relevance to management and 
research models. Conservation Biology, 13, 1282–1292. https://doi.
org/10.1046/j.1523-1739.1999.97509.x

Memariani, F., Akhani, H. and Joharchi, M.R. (2016a) Endemic plants of 
Khorassan-Kopet Dagh floristic province in Irano-Turanian region: 
Diversity, distribution patterns and conservation status. Phytotaxa, 
249, 31–117. https://doi.org/10.11646 /phyto taxa.249.1.5

Memariani, F., Joharchi, M.R. and Akhani, H. (2016b) Plant diversity of 
Ghorkhod protected area, NE Iran. Phytotaxa, 249, 118–158. https://
doi.org/10.11646 /phyto taxa.249.1.6

Metera, E., Sakowski, T., Słoniewski, K. and Romanowicz, B. (2010) 
Grazing as a tool to maintain biodiversity of grassland – a review. 
Animal Science Papers and Reports, 28, 315–334.

Milchunas, D.G., Lauenroth, W.K., Burke, I.C. and Detling, J.K. (2008) 
Effects of grazing on vegetation. In: Lauenroth, W.K. and Burke, I.C. 
(Eds.) Ecology of the Shortgrass Steppe: A Long-Term Perspective. New 
York: Oxford University Press, pp. 389–446.

Milchunas, D.G., Sala, O.E. and Lauenroth, W.K. (1988) A generalized 
model of the effects of grazing by large herbivores on grassland 
community structure. American Naturalist, 132, 87–106. https://doi.
org/10.1086/284839

Milton, S.J., du Plessis, M.A. and Siegfried, W.R. (1994) A conceptual 
model of arid rangeland degradation. BioScience, 44, 70–76. https://
doi.org/10.2307/1312204

Moradi, E., Heshmati, G.A., Ghilishli, F., Mirdeilami, S.Z. and Pessarakli, M. 
(2016) Grazing intensity and environmental factors effects on species 
composition and diversity in rangelands of Iran. Journal of Plant Nutrition, 
39, 2002–2014. https://doi.org/10.1080/01904 167.2016.1161780

Olff, H. and Ritchie, M.E. (1998) Effects of herbivores on grassland plant 
diversity. Trends in Ecology & Evolution, 13, 261–265. https://doi.
org/10.1016/S0169 -5347(98)01364 -0

Osem, Y., Perevolotsky, A. and Kigel, J. (2002) Grazing effect on di-
versity of annual plant communities in a semi-arid rangeland: 
Interactions with small-scale spatial and temporal variation in pri-
mary productivity. Journal of Ecology, 90, 936–946. https://doi.
org/10.1046/j.1365-2745.2002.00730.x

Pakeman, R.J. (2004) Consistency of plant species and trait re-
sponses to grazing along a productivity gradient: A mul-
tisite analysis. Journal of Ecology, 92, 893–905. https://doi.
org/10.1111/j.0022-0477.2004.00928.x

Proulx, M. and Mazumder, A. (1998) Reversal of grazing impact on plant 
species richness in nutrient-poor vs. nutrient-rich ecosystems. 
Ecology, 79, 2581–2592. https://doi.org/10.1890/0012-9658(1998)0
79[2581:ROGIO P]2.0.CO;2

R Core Team. (2018) R: A Language and Environment for Statistical 
Computing. Vienna, Austria: R Foundation for Statistical Computing. 
https://www.R-proje ct.org/

Rahmanian, S., Hejda, M., Ejtehadi, H., Farzam, M., Memariani, F. and 
Pyšek, P. (2019) Effects of livestock grazing on soil, plant functional 
diversity, and ecological traits vary between regions with different 
climates in northeastern Iran. Ecology and Evolution, 9, 8225–8237. 
https://doi.org/10.1002/ece3.5396

Ricklefs, R., Qian, H. and White, P.S. (2004) The region effect on 
mesoscale plant species richness between eastern Asia and 
eastern North America. Ecography, 27, 129–136. https://doi.
org/10.1111/j.0906-7590.2004.03789.x

Rook, A.J., Dumont, B., Isselstein, J., Osoro, K., WallisDeVries, M.F., 
Parente, G. et al. (2004) Matching type of livestock to desired biodi-
versity outcomes in pastures – a review. Biological conservation, 119, 
137–150. https://doi.org/10.1016/j.biocon.2003.11.010

https://doi.org/10.1071/RJ14127
https://doi.org/10.1071/RJ14127
https://doi.org/10.1890/13-0377.1
https://doi.org/10.1890/13-0377.1
https://doi.org/10.1111/oik.04893
https://doi.org/10.1002/ece3.1303
https://doi.org/10.3832/ifor1002-008
https://doi.org/10.1007/s10722-008-9386-y
https://doi.org/10.1007/s10722-008-9386-y
https://doi.org/10.1111/jvs.12053
https://doi.org/10.1111/avsc.12250
https://doi.org/10.1002/ecs2.1656
https://doi.org/10.1111/j.1365-2664.2006.01267.x
https://doi.org/10.1071/BT06178
https://doi.org/10.1080/00210862.2016.1259286
https://doi.org/10.1007/s12224-012-9133-1
https://doi.org/10.1111/j.1365-2486.2011.02593.x
https://doi.org/10.1046/j.1523-1739.1999.97509.x
https://doi.org/10.1046/j.1523-1739.1999.97509.x
https://doi.org/10.11646/phytotaxa.249.1.5
https://doi.org/10.11646/phytotaxa.249.1.6
https://doi.org/10.11646/phytotaxa.249.1.6
https://doi.org/10.1086/284839
https://doi.org/10.1086/284839
https://doi.org/10.2307/1312204
https://doi.org/10.2307/1312204
https://doi.org/10.1080/01904167.2016.1161780
https://doi.org/10.1016/S0169-5347(98)01364-0
https://doi.org/10.1016/S0169-5347(98)01364-0
https://doi.org/10.1046/j.1365-2745.2002.00730.x
https://doi.org/10.1046/j.1365-2745.2002.00730.x
https://doi.org/10.1111/j.0022-0477.2004.00928.x
https://doi.org/10.1111/j.0022-0477.2004.00928.x
https://doi.org/10.1890/0012-9658(1998)079[2581:ROGIOP]2.0.CO;2
https://doi.org/10.1890/0012-9658(1998)079[2581:ROGIOP]2.0.CO;2
https://www.R-project.org/
https://doi.org/10.1002/ece3.5396
https://doi.org/10.1111/j.0906-7590.2004.03789.x
https://doi.org/10.1111/j.0906-7590.2004.03789.x
https://doi.org/10.1016/j.biocon.2003.11.010


     |  561
Applied Vegetation Science

RAHMANIAN et Al.

Rutherford, M.C. and Powrie, L.W. (2010) Severely degraded rangeland: 
implications for plant diversity from a case study in Succulent Karoo, 
South Africa. Journal of Arid Environments, 74, 692–701. https://doi.
org/10.1016/j.jarid env.2009.10.013

Rutherford, M.C. and Powrie, L.W. (2013) Impacts of heavy grazing on 
plant species richness: A comparison across rangeland biomes of 
South Africa. South African Journal of Botany, 87, 146–156. https://
doi.org/10.1016/j.sajb.2013.03.020

Rutherford, M.C., Powrie, L.W. and Husted, L.B. (2012) Plant diversity 
consequences of a herbivore-driven biome switch from Grassland to 
Nama-Karoo shrub steppe in South Africa. Applied Vegetation Science, 
15, 14–25. https://doi.org/10.1111/j.1654-109X.2011.01160.x

Saayman, N., Morris, C. and Botha, H. (2016) Livestock grazing has mini-
mal effect on the species richness and diversity of semi-arid shrubland 
in the Western Little Karoo, South Africa. African Journal of Range 
and Forage Science, 33, 225–233. https://doi.org/10.2989/10220 
119.2016.1243581

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, E., Bloomfield, J., Dirzo, R. 
et al. (2000) Global biodiversity scenarios for the year 2100. Science, 
287, 1770–1774. https://doi.org/10.1126/scien ce.287.5459.1770

Schultz, N.L., Morgan, J.W. and Lunt, I.D. (2011) Effects of grazing ex-
clusion on plant species richness and phytomass accumulation vary 
across a regional productivity gradient. Journal of Vegetation Science, 
22, 130–142. https://doi.org/10.1111/j.1654-1103.2010.01235.x

Steinfeld, H., Gerber, P., Wassenaar, T.D., Castel, V., Rosales, M., Rosales, 
M. et al. (2006) Livestock's Long Shadow: Environmental Issues and 
Options. Rome: Food and Agriculture Organization of The United 
Nations.

Stevens, B.S., Connelly, J.W. and Reese, K.P. (2012) Multiscale assess-
ment of greater sage-grouse fence collision as a function of site and 
broad scale factors. The Journal of Wildlife Management, 76, 1370–
1380. https://doi.org/10.1002/jwmg.397

Sullivan, S. and Rohde, R. (2002) On non-equilibrium in arid and semi-arid 
grazing systems. Journal of Biogeography, 29, 1595–1618. https://doi.
org/10.1046/j.1365-2699.2002.00799.x

Todd, S.W. (2006) Gradients in vegetation cover, structure and species 
richness of Nama-Karoo shrublands in relation to distance from 
livestock watering points. Journal of Applied Ecology, 43, 293–304. 
https://doi.org/10.1111/j.1365-2664.2006.01154.x

Todd, S.W. and Hoffman, M.T. (2009) A fence line in time demonstrates 
grazing-induced vegetation shifts and dynamics in the semiarid 
Succulent Karoo. Ecological Applications, 19, 1897–1908. https://doi.
org/10.1890/08-0602.1

Tóth, E., Deák, B., Valkó, O., Kelemen, A., Miglécz, T., Tóthmérész, B. 
et al. (2018) Livestock type is more crucial than grazing intensity: 
Traditional cattle and sheep grazing in short-grass steppes. Land 
Degradation & Development, 29, 231–239. https://doi.org/10.1002/
ldr.2514

United Nations Development Program. (2006). Global Partnership 
of Development. Annual Report 2006. New York: Office of 
Communications, UNDP. Retrieved from https://www.undp.org/
conte nt/dam/undp/libra ry/corpo rate/UNDP-in-actio n/2006/
UNDP-in-actio n-2006-en.pdf

Verón, S.R., Paruelo, J.M. and Oesterheld, M. (2011) Grazing-induced 
losses of biodiversity affect the transpiration of an arid ecosys-
tem. Oecologia, 165, 501–510. https://doi.org/10.1007/s0044 
2-010-1780-4

Wan, H., Bai, Y., Hooper, D.U., Schönbach, P., Gierus, M., Schiborra, A. 
et al. (2015) Selective grazing and seasonal precipitation play key 

roles in shaping plant community structure of semi-arid grasslands. 
Landscape Ecology, 30, 1767–1782. https://doi.org/10.1007/s1098 
0-015-0252-y

Wang, Y., Heberling, G., Görzen, E., Miehe, G., Seeber, E. and Wesche, 
K. (2017) Combined effects of livestock grazing and abiotic envi-
ronment on vegetation and soils of grasslands across Tibet. Applied 
Vegetation Science, 20, 327–339. https://doi.org/10.1111/avsc.12312

Wang, Y. and Wesche, K. (2016) Vegetation and soil responses to live-
stock grazing in Central Asian grasslands: A review of Chinese lit-
erature. Biodiversity and Conservation, 25, 2401–2420. https://doi.
org/10.1007/s1053 1-015-1034-1

Wilsey, B.J. and Polley, H.W. (2003) Effects of seed additions and graz-
ing history on diversity and productivity of subhumid grasslands. 
Ecology, 84, 920–931. https://doi.org/10.1890/0012-9658(2003)08
4[0920:EOSAA G]2.0.CO;2

Yan, H., Liang, C., Li, Z., Liu, Z., Miao, B., He, C. and et al. (2015) Impact 
of precipitation patterns on biomass and species richness of annuals 
in a dry steppe. PLoS One, 10, e0125300. https://doi.org/10.1371/
journ al.pone.0125300

Zhang, R., Wang, Z., Han, G., Schellenberg, M.P., Wu, Q. and Gu, C. 
(2018) Grazing induced changes in plant diversity is a critical factor 
controlling grassland productivity in the Desert Steppe, Northern 
China. Agriculture, Ecosystems and Environment, 265, 73–83. https://
doi.org/10.1016/j.agee.2018.05.014

Zhou, G., Zhou, X., He, Y., Shao, J., Hu, Z., Liu, R. et al. (2017) Grazing 
intensity significantly affects belowground carbon and nitrogen cy-
cling in grassland ecosystems: A meta-analysis. Global Change Biology, 
23, 1167–1179. https://doi.org/10.1111/gcb.13431

Zhu, H., Qu, Y., Zhang, D., Li, J., Wen, M., Wang, D. and et al. (2017) 
Impacts of grazing intensity and increased precipitation on a grass-
hopper assemblage (Orthoptera: Acrididae) in a meadow steppe. 
Ecological Entomology, 42, 458–468. https://doi.org/10.1111/
een.12403

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

Appendix S1. List of climatic regions
Appendix S2. Scheme of the sampling design
Appendix S3. General description of grazing history in the arid, 
semi-arid and sub-humid climatic region in northeastern Iran
Appendix S4. The species–area relations of the grazed and ungrazed 
plots in each of the three climatic regions
Appendix S5. Species composition data

How to cite this article: Rahmanian S, Hejda M, Ejtehadi H, 
Farzam M, Pyšek P, Memariani F. Effects of livestock grazing 
on plant species diversity vary along a climatic gradient in 
northeastern Iran. Appl Veg Sci. 2020;23:551–561. https://doi.
org/10.1111/avsc.12512

https://doi.org/10.1016/j.jaridenv.2009.10.013
https://doi.org/10.1016/j.jaridenv.2009.10.013
https://doi.org/10.1016/j.sajb.2013.03.020
https://doi.org/10.1016/j.sajb.2013.03.020
https://doi.org/10.1111/j.1654-109X.2011.01160.x
https://doi.org/10.2989/10220119.2016.1243581
https://doi.org/10.2989/10220119.2016.1243581
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1111/j.1654-1103.2010.01235.x
https://doi.org/10.1002/jwmg.397
https://doi.org/10.1046/j.1365-2699.2002.00799.x
https://doi.org/10.1046/j.1365-2699.2002.00799.x
https://doi.org/10.1111/j.1365-2664.2006.01154.x
https://doi.org/10.1890/08-0602.1
https://doi.org/10.1890/08-0602.1
https://doi.org/10.1002/ldr.2514
https://doi.org/10.1002/ldr.2514
https://www.undp.org/content/dam/undp/library/corporate/UNDP-in-action/2006/UNDP-in-action-2006-en.pdf
https://www.undp.org/content/dam/undp/library/corporate/UNDP-in-action/2006/UNDP-in-action-2006-en.pdf
https://www.undp.org/content/dam/undp/library/corporate/UNDP-in-action/2006/UNDP-in-action-2006-en.pdf
https://doi.org/10.1007/s00442-010-1780-4
https://doi.org/10.1007/s00442-010-1780-4
https://doi.org/10.1007/s10980-015-0252-y
https://doi.org/10.1007/s10980-015-0252-y
https://doi.org/10.1111/avsc.12312
https://doi.org/10.1007/s10531-015-1034-1
https://doi.org/10.1007/s10531-015-1034-1
https://doi.org/10.1890/0012-9658(2003)084[0920:EOSAAG]2.0.CO;2
https://doi.org/10.1890/0012-9658(2003)084[0920:EOSAAG]2.0.CO;2
https://doi.org/10.1371/journal.pone.0125300
https://doi.org/10.1371/journal.pone.0125300
https://doi.org/10.1016/j.agee.2018.05.014
https://doi.org/10.1016/j.agee.2018.05.014
https://doi.org/10.1111/gcb.13431
https://doi.org/10.1111/een.12403
https://doi.org/10.1111/een.12403
https://doi.org/10.1111/avsc.12512
https://doi.org/10.1111/avsc.12512

