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Abstract Due to the damages to global biodiversity by human interferences in recent decades 

and the role of biodiversity in ecosystems sustainability, restoring and protecting of natural 

resources is a necessity. In order to understand the roles of replanting and protecting natural 

ecosystems in dry land condition, this research was conducted in the experimental site of the 

international Carbon Sequestration Project in Hussein Abad rangelands, South Khorasan 

province, Iran in April and June, 2011. In this study the effects of eight years conservation on 

biodiversity indices of four vegetation types including Haloxylon persicum, Atriplex canescens, 

Haloxylon persicum + Atriplex canescens and Zygophyllum eurypterum along with a control 

type (no regeneration and conservation programs) were investigated. The highest amounts of 

species number (Hill’s N0) and vegetation cover were observed in Haloxylon persicum + 

Atriplex canescens type (30 species and 22.5%, respectively) and the lowest amounts were 

obtained in control type (20 species and 5.5%, respectively). Amount of vegetation percentage 

in protected areas was on average 3.3 times more than non-protected area. The highest and the 

lowest values of density were obtained in Atriplex canescens (54 plants m
-2

) and control (18 

plants m
-2

) vegetation types, respectively. There was not any plant species with frequency of 

higher than 60% in control, while about 13% of plant species had frequency above 60% in 

protected vegetation types. The highest and the lowest plant species in all studied vegetation 

types were belonged to therophytes and phanerophytes groups. The mean Margalef's richness 

index in protected vegetation types (4.39) was higher than control (3.62). While, all plant 

diversity indices were higher in the control type because of more evenness index. Our results 

indicated that the most of recorded species in the studied area were belong to ephemeral flora. 

Overall, results showed that vegetation richness and coverage of desert rangelands can be 

restored with proper management programs. 
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Introduction 
 

Concerns about global warming and regional and global climatic and 

environmental changes in response to increasing concentrations of CO2 and 

other greenhouse gases have led to a significant interest in carbon sequestration 

in terrestrial ecosystems (Tschakert et al., 2004; Spargo et al., 2008; Shi et al., 

2009). According to the Kyoto Protocol carbon emissions must be offset by 

demonstrable removal of carbon from the atmosphere by the ways such as 

afforestation and reforestation (Yokozava et al., 2010). Because of these issues, 

attention towards desertification was increased in recent decades so that United 

Nations General Assembly named 2006 as the international year of deserts and 

desertification to increase public awareness and to help enhancement of 

biodiversity in arid regions (Stringer, 2008; Amiraslani and Dragovich, 2011).  

Besides climate change, biodiversity loss has been recognized as one of 

the leading themes of environmental sustainability agenda (Haines-Young, 

2009; Vackár et al., 2012). Deforestation and damage to biodiversity by 

modern human activities are occurring in Asia especially in South East and dry 

land areas, Amazon, Siberia and other parts of the word (Nielsen et al., 2007; 

Haines-Young, 2009). The need for rehabilitation of rangelands has increased 

with greater public awareness and it is clear that maintenance of biodiversity is 

so important, as its erosion will result in less stable ecosystems with reduced 

function (Simons and Allsopp, 2007; Nielsen et al., 2007). The inability to 

revert degraded rangelands to former productive states by removing grazing 

pressure alone has necessitated the use of a more active approach to the 

rehabilitation of rangelands such as use of hand planting species (Simons and 

Allsopp, 2007). It has been suggested that a proper management programs, 

could optimize the restoration potential of degraded rangelands, revive 

palatable species, restore the integrity of ecosystems and increase species 

diversity (Call and Roundy, 1991; Visser et al., 2004; Witbooi and Esler, 2004; 

Simons and Allsopp, 2007). Protected areas frequently serve to insulate 

biodiversity from the impacts of human development and generally, it is 

perceived that the human impacts on protected areas have inevitably led to a 

decrease in biodiversity relative to the nearby protected areas (Shackleton, 

2000). Mligo (2006) found that protection programs affect the species 

composition and diversity, positively. Chaudhry et al., (2011) in a study on the 

rangelands biodiversity in a hot arid region of India emphasized an urgent need 

to rehabilitate the degraded areas in an efficient and cost-effective manner. 

It is estimated that 85% of Iran is classified under dryland categories and 

deserts covers approximately 20% of the country (Le Houérou, 1992; 

Amiraslani and Dragovich, 2011). It has been stated that the main causes of 

desertification in the country involve climatic factors, population pressure, 
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excessive grazing and over-exploitation of soil and water resources (Amiraslani 

and Dragovich, 2011). A major strategy for desertification programs in Iran is 

cultivation of plants that are adaptable to the unfavorable environmental 

conditions in arid and semi-arid areas such as: Atriplex canescens, Haloxylon 

persicum, Calligonum comosum and Haloxylon ammodendron (Amiraslani and 

Dragovich, 2011; Javadi et al., 2011). In several studies conducted at national 

level it was shown that vegetation cover, density, species richness and diversity 

indices were improved by restoration and conservation programs. Asghari et al., 

(2006) showed that there was a significant difference between exclusion and 

free grazing rangelands in terms of canopy cover, density and diversity. 

Another study suggested that vegetation cover in 25 years protected and non- 

protected rangeland vegetation types were 46% and 25%, respectively 

(Alizadeh et al., 2010). In similar research on 26 years protected rangelands in 

arid zone of the country, increase in vegetation parameters was concluded 

(Amiri and basiri, 2008). Abbasi et al., (2009) reported that protected and 

buffer zones had more suitable conditions compared to the areas located at 

outside of protected border in terms of richness, diversity, landscape and 

biological structures.  

Recently a large-scale regional and global climate change is happening. 

Since the restoration and conservation of deserts biodiversity is an important 

and effective strategy in reducing impacts of these changes. The aim of this 

study was to investigate the effects of degraded rangelands restoration on plant 

diversity in a region within the International Carbon Sequestration Project, 

South Khorasan province, Iran. 

 

Materials and methods 
 

Experimental site 
 

The study was conducted in the region of the International Carbon 

Sequestration Project (32
o
 N, 59

o
 E, 1700 m above sea level) in 1500 ha area of 

Hussein Abad rangelands located in Sarbisheh, South Khorasan province, 

Eastern part of Iran. The climate of study area is characterized by semi-arid 

conditions with an average annual precipitation of 188 mm and a mean annual 

temperature of 14.5 
o
C (Max. 40.5 

o
C, Min. – 16 

o
C) (GEF, 2003; FAO, 2004). 

 

International Carbon Sequestration Project 
 

The International Carbon Sequestration Project was started in 148,000 

hectares of heavily degraded rangelands of Hussein Abad  by the Government 

of the Islamic Republic of Iran (GIRI), Global Environment Facility (GEF) and 
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United Nations Development Program (UNDP) in 2003 (GEF, 2003). The 

objectives of the project were: increase animal fodder production, expanding 

the storage of carbon, enhancement the flora and fauna, improving biodiversity 

and ecosystem rehabilitation (FAO, 2004). 

 

Vegetation types 
 

The study area was under restoring and protecting programs since 2003 

(GEF, 2003). Before starting the initial project in 2003, the dominant species in 

all study areas was Artemisia sieberi (with less than 5% vegetation cover). 

Then, Haloxylon persicum, Atriplex canescens, H. persicum + A. canescens 

(based on 150 plants per ha) and lily (Lilium sp) species (based on 500 plants 

per ha) were cultivated in 230, 190, 510 and 70 ha, respectively in 2003. All 

cultivated areas were kept protected from herbivores and human interference 

after the recovery operations till 2011. Also, 500 ha was used as a control (non- 

restoration and non-protection, means being under herbivores and human 

intervention) near to the restoration region. The dominant types of vegetation at 

studied areas (protected and non protected areas) in 2011 were: 1- Artemisia 

sieberi + Haloxylon persicum (Ar.si-Ha.pe) 2- Artemisia sieberi + Atriplex 

canescens (Ar.si-At.ca) 3- Artemisia sieberi + Haloxylon persicum + Atriplex 

canescens (Ar.si-Ha.pe-At.ca) 4- Artemisia sieberi + Zygophyllum eurypterum 

(Ar.si-Zy.eu) and 5- Artemisia sieberi (control = Ar.si). (Fallahi et al., in 

preparation). Lily species could not be established very well in the cultivated 

area during 2003 till 2011. Lily species then gradually disappeared and 

Zygophyllum eurypterum as a native species gradually interred to the protected 

sites from nearby areas.  

 

Sampling method 
 

Vegetation sampling was conducted by using random quadrate procedure 

in the spring of 2011, eight years after the onset of protection programs. The 

number of quadrates (2 × 2 m) in each vegetation type was increased until the 

recorded plant species did not increase (according to the species increase curve). 

Sampling was done at 21 April and then re-visit was taken at 7 June to record 

the newly established species. Identification of species in collected samples was 

done at the Herbarium of Faculty of Agriculture, University of Birjand.   

 

 

 

 

Studied indices 
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The density and frequency of each plant species in each quadrate were 

measured separately. The aerial cover of each vegetation types was estimated 

by visual method. According to Raunkiaer's method, each plant species based 

on its frequency was categorized in one of the five introduced classes (A, B, C, 

D and E) and then frequency spectrum of each vegetation type was drawn and 

compared with normal curve of frequency (McIntosh, 1962). Raunkiaer 

classified plant species in five frequency classes as follow: A: including those 

species occurring in 1-20%, B: in 21-40%, C: in 41-60%, D: in 61-80% and E: 

in 81-100% of the samples (Gleason, 1939; McIntosh, 1962; Hong-bing et al., 

2000). In addition, observed plants in all vegetation types were classified based 

on Raunkiaer's life-form system (Raunkiaer, 1934). Finally, species richness, 

evenness, diversity, dominance and similarity indices were calculated using 

equations in Table 1. 

 

Table 1. Indices used for evaluation of different vegetative characteristics. 
 

Index Equations Reference  Index Equations Reference 

Richness indices 

Menhinick     
 

√ 
 Menhinick, 1964  Margalef   

   

    
 Margalef, 1958 

Evenness indices 

Shannon   
  

    
 

Shaheen et al., 

2012 
 Simpson      

 
 ⁄

 
 

Smith and Wilson, 

1996 

E2= 

Sheldon 
   

  

  

 Sheldon, 1969  E1= Pielou    
      

      
 Pielou, 1975 

E4= Hill    
  

  

 Hill, 1973  E3= Heip    
    

    
 Heip, 1974 

    E5= Alatalo    
    

    
 Alatalo, 1981 

Diversity indices 

Simpson       ∑(
  

 
)
  

   

 Simpson, 1949  Shannon     ٌ   ∑(
  

 
)    (

  

 
)

 

   

 Shannon, 1948 

Hill's N0      Hill, 1973  Berger-Parker 
 

 
 

 

    
 

 Merigot et al., 2007 

Hill's N2    
 

 
 Hill, 1973  Hill's N1       

 Hill, 1973 

Dominance indices 

Simpson   ∑(
  

 
)
  

   

 Simpson, 1949  Berger-Parker   
    

 
 

Berger and Parker, 

1970 

Similarity index 

Sorensen 
  

      
 Sorensen, 1948 

S= Total number of species, N= Total number of individual, Nmax= Individual number of the 

most dominant species, ni= Number of individual of i species (i=1-s), D= Simpson's Dominant 

index, H
' 
=Shannon- Wiener diversity index , N0= Hill's N0, N1= Hill's N1, N2= Hill's N2, e= 

2.71828, a= The number of shared species between A and B vegetation types, b= The number 

of species only in type A and c= The number of species only in type B. 

 

Results and discussions 
 



 466 

Vegetation richness and coverage  
 

The numbers of plant species in all protected vegetation types were more 

than control. Species number in Ar.si-Ha.pe-At.ca, Ar.si-Zy.eu, Ar.si-Ha.pe and 

Ar.si-At.ca were 35%, 20%, 14% and 14% more than control, respectively 

(Table 2). A similar result was observed for vegetation cover percentage. The 

plant coverage percentage significantly increased in all protected vegetation 

types compared to control. Amount of vegetation percentage in Ar.si-Ha.pe-

At.ca, Ar.si-Zy.eu, Ar.si-Ha.pe and Ar.si-At.ca were 4.10, 4.05, 2.58 and 2.52 

times more than non-protected type (control), respectively (Table 2). In 

addition, plant densities in four conservation types were significantly higher 

than control. The highest amount of plant density was observed in Ar.si-At.ca 

type, but a large share of plant density in this vegetation type was belonged to 

the annual species of Roemeria hybrida. Plant densities in Ar.si-At.ca, Ar.si-

Ha.pe-At.ca and Ar.si-Zy.eu were 3, 2.2 and 1.5 times more than control, 

respectively (Table 2). 

Many studies have reported the positive role of conservation on 

vegetation parameters of rangelands. Yorks et al., (1992) concluded that 59 

years rangeland protection in Utha State dramatically increased the vegetation 

cover.  In two similar works, communal lands had significantly lower 

herbaceous plant cover, litter cover and herbaceous plant height while, a higher 

deal of bare ground than protected lands (Shackleton, 2000, Tefera et al., 2007). 

Asghari et al., (2006) reported a remarkable difference in terms of canopy 

cover and density among protected and non-protected rangelands in Kiasar, 

Iran. In another study it was concluded that 25 years conservation was 

improved the vegetation cover of rangelands about 55% more than non-

protected lands (Alizadeh et al., 2010). Results of Amiri and Basiri (2008) on 

the positive effects of 26 years protection on vegetation parameters of 

rangelands in an arid zone of Iran were significant. The study of Holechek et al., 

(2003) in a desert ecosystem in U.S.-Mexico border showed that light 

conservative grazing intensities can promote improvement in rangeland 

ecological condition, even when accompanied by drought. It has been reported 

that the time required to achieve significant changes in the result of protection, 

depends on edaphic and climatic factors (York's et al., 1992). This time for dry 

areas is between 30 to 40 years. Therefore, considering that only eight years has 

been elapsed from beginning of protection, it seems that vegetation indices of 

exclusion studied types will improve in future. 

 

Table 2. Comparisons of number of plant species, vegetation cover percentage 

and density between protected and non-protected types 
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Ar.si. 

(Control) 
Ar.si.- Zy.eu. 

Ar.si.- Ha.pe.- 

At.ca. 

Ar.si.- 

At.ca. 

Ar.si. - 

Ha.pe. 
 

20.0 25.0 30.0 23.0 23.0 
Number of plant 

species 

05.5 22.3 22.5 13.9 14.2 
Percentage of 

vegetation cover 

17.9 27.4 39.8 53.9 19.2 
Total number of 

plant per m
2 

 

Frequency of plant species 
 

Raunkiaer proposed a normal frequency distribution curve that is useful 

in different studies in testing the uniformity of vegetation (McIntosh, 1962). 

Frequency reflects not only the important of population, but also the uniformity 

of spatial distribution in plant communities (Hong-bing et al., 2000). Results of 

the frequency spectrum of plant species in the study area showed that most 

plant species do not have a uniform distribution over the rangeland in all 

vegetation types. On average, 65% of species had a frequency of less than 20% 

(class A) and only 4.5% of species had a frequency above 80% (class E) (Table 

3). By comparing the results of frequency spectrum of studied ecosystem with 

Raunkiaer standard frequency curve (McIntosh, 1962), it was concluded that in 

the studied region, the number of species with a frequency of less than 20% 

was about 20% higher and the number of species with a frequency of more than 

80%, was about 78% less, compared with standard curve (Table 3). No species 

in D and E classes (frequency of above 60%) were observed in control 

(unprotected area), while the number of species in class C was the highest in 

this vegetation type (Table 3). The absence of certain frequency classes reflect 

the heterogeneity of the vegetation, which is either due to biotic disturbance or 

the floral poverty (Iqbal and Shafiq, 1996). It was suggested that the higher 

number of species in class E shows the grater homogeneity (McIntosh, 1962). 

Therefore, homogeneity in the studied vegetation types was poor, especially in 

control vegetation type. Hong-Bing et al., (2000) stated that widespread species 

with high frequency are usually dominant species in relevant community, these 

species spread all over the community, building the basement of the community; 

associated species which possess of middling frequency compose the main 

body of community and the rare species with low frequency shows the 

complexity of community. Therefore, the richness of community in the studied 

rangeland was poor and rare species were higher than normal curve. 

 

Table 3. Frequency distribution of plant species in the studied vegetation types 

compared with Raunkiaer standard frequency spectrum. Hussein Abad 
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Sarbisheh protected rangeland, South Khorasan province, Iran (the first 

sampling in April 2011) 
 

E
*
=81-100% 

D
*
= 61-

80 

C
*
= 41-

60% 
B

*
=21-40% 

A
*
=1-

20% 
 

16 8 9 14 53 
Numbers of 

Raunkiaer standard 

frequency curve   
4.3 8.7 0 30.5 56.5 Ar.si. - Ha.pe. 

0 13 13 8.7 65.2 Ar.si. - At.ca. 

10 3.3 3.3 13.3 70 Ar.si. - Ha.pe. - 

At.ca. 

4 8 12 4 72 Ar.si. - Zy.eu. 

4.5 8.2 7 14.1 65.9 
Mean of protected 

types 

0 0 30 10 60 Ar.si. (Control) 

*
A including plant species occurring in 1-20% of the samples,

 *
 B in 21-40%,

*
 C in 41-60%,

*
 D 

in 61-80% and 
*
 E in 81-100 percent 

 

Plant life-forms 
 

According to Raunkiaer system, plant life-forms are classified based on 

the position and degree of protection of renewing buds, which are responsible 

for the renewal of the aerial organs of plant in the beginning of favorable 

season (Batalha and Martins, 2004; Van Der Merwe and Rooyen, 2011). In the 

first sampling date, the highest and the lowest plant species in all studied 

vegetation types were belonged to therophytes and phanerophytes. Most 

observed phanerophyte species have also been hand planted. Life-form 

spectrum of Ar.si-Ha.pe-At.ca and Ar.si-Zy.eu vegetation types had better 

distribution compared with other types. The percentage of therophyte species 

was lower and the percentage of other life-forms were higher in Ar.si-Ha.pe-

At.ca and Ar.si-Zy.eu vegetation types. The percentage of phanerophytes and 

chamaephytes in non-protected type were lower, while the percentage of hemi-

cryptophytes and therophytes were more than mean values of protected types 

(Table 4). These results could be an indication for replacement of perennials 

with annual species in the unprotected land which was subjected to higher 

grazing pressure than the protected sites (Tefera et al., 2007). Shackleton et al., 

(1994) found that attributes of woody plant community within the region 

increased with increasing distance from human settlement. In another study 

annual plants (therophyte) were abundant in communal and perennial species in 

protected zone (Tefera et al., 2007). Life-forms have close relationships with 

http://www.google.com/search?hl=en&biw=971&bih=446&sa=X&ei=GdP-TcLmMoms-gaDq7zcAw&ved=0CBcQBSgA&q=phanerophyte&spell=1
http://www.google.com/search?hl=en&biw=971&bih=446&sa=X&ei=GdP-TcLmMoms-gaDq7zcAw&ved=0CBcQBSgA&q=phanerophyte&spell=1
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
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climatic factors, so that climatic conditions of terrestrial biomes are 

distinguished from one another primarily on the basis of the dominant life-

forms (Raunkiaer 1934; Chiarucci et al., 2001; Carvalho da Costa et al., 2007; 

Naqinezhad et al., 2009; Van Der Merwe and Rooyen, 2011). In the studied 

area therophytes were dominant which indicates that life-forms spectrum were 

different compared with Raunkiaer’s normal spectrum (Carvalho da Costa et al., 

2007). In general, dominance of therophytes indicates the desert nature of the 

climate and an effective plant strategy for avoiding water losses due to 

humidity extremes and water deficiencies in a study area (Carvalho da Costa et 

al., 2007; Van Der Merwe and Van Rooyen, 2011). Therophytes are believed to 

show more avoidance to drought than the hemicryptophytes and geophytes, 

since the former spend the summer in the form of seeds and the latter in the 

form of vegetative organs (Van Der Merwe and Rooyen, 2011). Overall, 

estimated life-form spectra, or ratios between selected life forms, may be useful 

indicators for comparing different sites and/or evaluating a given site over time 

(Chiarucci et al., 2001). Accordingly, Hussein Abad rangelands have desert and 

dry conditions and hence dominance of therophytic life-form plants is expected. 

 

Table 4. The distribution of life-forms of plant species in five vegetation types 

according to Raunkiaer category - Hussein Abad Sarbisheh protected rangeland, 

South Khorasan province, Iran (the first sampling in April 2011) 

 

Raunkiaer’s 

normal 

spectrum 

 Ar.si 

(Control) 

Mean of 

protected 

types 

Ar.si-

Zy.eu 

Ar.si-

Ha.pe- 

At.ca 

Ar.si-

At.ca 

Ar.si-

Ha.pe 

Life-Forms 

46 0 5.6 4 10 4.3 4.3 Phanerophyte  

9 10 19.4 24 23.3 17.4 13 Chamaephyte 

26 30 19.6 24 20 21.7 13 Hemicryptophyte 

6 10 10.6 12 13.3 8.6 8.6 Cryptophyte 

13 50 44.4 36 33.3 47.8 60.8 Therophyte  

 
 

Plant diversity indices 
 

Margalef's richness index (which commonly shows the number of plant 

species) in all protected vegetation types were more than non-protected 

vegetation type, while evenness indices (that show distribution pattern of 

species) in control (non-protected vegetation type) were remarkably higher than 

four conservation vegetation types (Table 5, 6). All plant diversity indices 

which are generally indicating vegetation heterogeneity were higher in control 

compared to four protected vegetation types (Table 7). Moreover, Simpson and 

http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://dictionary.reference.com/browse/therophyte
http://www.google.com/search?hl=en&biw=971&bih=446&sa=X&ei=GdP-TcLmMoms-gaDq7zcAw&ved=0CBcQBSgA&q=phanerophyte&spell=1
http://dictionary.reference.com/browse/therophyte
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Berger- Parker dominance indices in rehabilitate and conservation vegetation 

types were higher than control (Table 8). 

 

Table 5. Mean values of some richness indices of five vegetation types in 

Hussein Abad Sarbisheh protected rangeland, South Khorasan province, Iran 

(the first sampling in April 2011) 

 

Ar.si. 

(Control) 

Mean of 

conservative 

types 

Ar.si.-

Zy.eu. 

Ar.si.-

Ha.pe. - 

At.ca. 

Ar.si.-

At.ca. 

Ar.si.-

Ha.pe. 

Richness 

index 

3.62 4.39 4.41 5.18 3.83 4.16 Margalef  

0.047 0.044 0.047 0.047 0.031 0.052 Menhinick  

 

Table 6. Values of some evenness indices of five vegetation types in Hussein 

Abad Sarbisheh protected rangeland, South Khorasan province, Iran (the first 

sampling in April 2011) 

 

Ar.si. 

(Control) 

Mean of 

conservative 

types 

Ar.si.-

Zy.eu. 

Ar.si.-

Ha.pe. - 

At.ca. 

Ar.si.-

At.ca. 

Ar.si.-

Ha.pe. 

Evenness 

index 

0.23 0.10 0.12 0.08 0.09 0.14 Simpson 

0.64 0.50 0.54 0.45 0.43 0.59 Shannon 

0.29 0.21 0.23 0.19 0.18 0.25 Pielou = 

E1 

0.12 0.07 0.08 0.06 0.07 0.09 Sheldon= 

E2 

0.07 0.04 0.04 0.03 0.03 0.05 Heip= E3 

1.95 1.34 1.42 1.24 1.20 1.50 Hill= E4 

2.62 1.66 1.79 1.50 1.46 1.90 Alatalo= 

E5 

 

 

 

 

 

 

 

Table 7. Values of some diversity indices of five vegetation types in Hussein 

Abad Sarbisheh protected rangeland, South Khorasan province, Iran (the first 

sampling in April 2011) 
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Ar.si.(Control) 

Mean of 

conservative 

types 

Ar.si.-

Zy.eu. 

Ar.si.-

Ha.pe. - 

At.ca. 

Ar.s.i-

At.ca. 

Ar.si.-

Ha.pe. 

Diversity 

index 

0.89 0.70 0.76 0.67 0.59 0.80 Shannon 

0.79 0.62 0.67 0.59 0.54 0.70 Simpson 

2.50 1.70 1.81 1.58 1.51 1.92 
Berger-

Parker 

20 25.2 25 30 23 23 Hill’s N0 

2.43 2.02 2.13 1.95 1.80 2.22 

Hill’s 

N1= Exp 

H' 

4.76 2.74 3.03 2.43 2.17 3.33 Hill’s N2  

 

Table 8. Values of some dominance indices of five vegetation types in Hussein 

Abad Sarbisheh protected rangeland, South Khorasan province, Iran (the first 

sampling in April 2011) 
 

Ar.si 

(Control) 

Mean of 

conservative 

types 

Ar.si.-

Zy.eu. 

Ar.si.-

Ha.pe. - 

At.ca. 

Ar.si.-

At.ca. 

Ar.si.-

Ha.pe. 

Dominance 

index 

0.21 0.37 0.33 0.41 0.46 0.30 Simpson 

0.4 0.59 0.55 0.63 0.66 0.52 
Berger- 

Parker 

 

Most biodiversity indices are consisted of two richness and evenness 

components (Ejtehadi et al., 2009). Despite the higher richness index in 

protected areas the plant diversity indices were lower in protected than non-

protected vegetation types. This shows that, evenness component had a higher 

contribution compared to the richness component in determining the final value 

of plant diversity indices. The higher impact of evenness than richness in the 

value of the plant diversity indices have been reported by Stirling and Wilsey 

(2001), Duelli and Obrist (2003) and Grunewald and Schubert (2007). In 

addition Wilsey and Stirling (2007) suggested that species evenness and 

diversity indices do not always positively co-vary with richness. In another 

study they concluded that in plant communities, richness and evenness were 

negatively correlated and evenness accounted for more variation in Shannon’s 

diversity index than richness (Stirling and Wilsey, 2001). Grunewald and 
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Schubert (2007) showed that the common usage of plant diversity indices are 

not appropriate measure for studying disturbance in plant communities, because 

these indices are strongly dependent on evenness, whereas species richness and 

species density are not adequately incorporated. In our study amounts of plant 

cover percentage, species number and plant density in protected vegetation 

types were remarkably more than control type, while all diversity indices were 

higher in control. This shows that the used plant diversity indices are very 

sensitive to evenness and underestimate other factors. Therefore, it is necessary 

to take into account the others factors to calculate plant diversity, as Grunewald 

and Schubert (2007) showed some limitations of plant diversity indices and 

introduced a new index to reduce defects of those indices. 

Duelli and Obrist (2003) suggested that the favor of indices involving 

evenness in recent years have essentially declined, mostly because of the 

difficulty in their interpretation, particularly in studies where a single species 

are often collected in huge numbers, which results in a severe drop of evenness 

and thus yields low plant diversity values, in spite of comparatively high 

species richness. As in our research two species of Carex sp. and Roemeria 

hybrida were included more than 50% of the total plant density in protected 

vegetation types while these species were in a normal density (less than 5%) in 

control vegetation type. Noss (1983) stressed that all species should not be 

considered equal in plant diversity indices calculation, and therefore, numbers 

alone provide an incomplete picture. As in our study two species of Carex sp. 

and Roemeria hybrida with high density occupied less than 1% of plant cover 

of protected vegetation types, while the amounts of diversity indices in these 

types were decreased. On the other hand, diversity indices are not according to 

the quality of the species, as in present study similar to the other reports (Mligo, 

2006, Simons and Allsopp, 2007, Tefera et al., 2007) non-palatable and 

invasive species such as Peganum harmala, Alhagi maurorum and Echinops 

persicus were observed in non protected vegetation type frequently and these 

plant exert an equal role comparing desirable species in final amounts of 

diversity indices.  

In similar study Mligo (2006) reported that grazing pressure negatively 

affected the species diversity and resulted into patchy distribution of the 

common semi-arid plant species in the rangelands. But in another work there 

was a little increase in regard of beta diversity in the communal than protected 

range areas but this different was no significant (Shackleton, 2000). Abbasi et 

al., (2009) stated that despite of higher biological structures richness in 

protected area, severe protection will be increased the species dominance and 

followed by low biodiversity. It has been reported that high grazing intensity 

reduced the diversity and production of rangeland, moderate grazing intensity 
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increased diversity and no- grazing decreased diversity while increased 

production (Ghlichnia, 2000). In a study, the Shannon index was not correlated 

with the successional gradient so that diversity was decreased from short 

grasslands to shrub communities (Chabrerie et al., 2003). It seems that 

maximum plant species diversity can be obtained at moderate stress and 

damage intensity (intermediate disturbance hypothesis) (Shackleton, 2000; 

Mligo, 2006; Grunewald and Schubert, 2007).  

Moreover, results of Sorensen Similarity Index showed that the highest 

amount of similarity was obtained between Ar.si.-Ha.pe.-At.ca and Ar.si.-Zy.eu 

vegetation types (72%) which they were in close proximity. This is in accord to 

results of Mligo (2006), who introduced the vicinity and grazing pressure as the 

similarity factors. In addition, the percentage of similarity between all studied 

vegetation types was about 53% on average (Table 9). This shows that change 

in vegetation type could affect the species composition in community. 

 

Table 9. Values of Sorensen similarity index between all vegetation types in 

Hussein Abad Sarbisheh protected rangeland, South Khorasan province, Iran 

(the first sampling in April 2011) 

 

Ar.si. 

(Control) 

Ar.si.-

Zy.eu. 

Ar.si.-Ha.pe. - 

At.ca. 
Ar.si.-At.ca. 

Ar.si.-

Ha.pe. 

Vegetation 

types 

        1.00 Ar.si.-Ha.pe. 

      1.00 0.52 Ar.si.-At.ca. 

    1.00 0.52 0.56 
Ar.si.-Ha.pe. - 

At.ca. 

  1.00 0.69 0.45 0.54 Ar.si.-Zy.eu. 

1.00 0.62 0.52 0.51 0.41 Ar.si. 

(Control) 
 

Observations of the second visit 
 

The rangeland was re-visited at 7 June 2011. New plant species was not 

found in all studied vegetation types. Moreover, almost all annual species 

recorded in the first sampling date (21 April) were disappeared. These annual 

plants have synchronous growth and are classified in ephemeral flora. 

Ephemeral flora is an important and unique component of arid and semi-arid 

regions that can take the advantage of water, resources and temperature 

conditions in spring to rapidly complete their life-cycle (Vidiella and Armesto, 

1989; Steyn et al., 1996b; Xueqin et al., 2003). These plants have a tendency to 

accelerate their phonological stages for increasing the probability of seed set 

before the end of the wet season. However, in arid environments, the 
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unpredictable nature of rainfall, both in terms of quantity and distribution, 

imposes several restrictions on the ability of an individual to survive or 

reproduce successfully (Steyn et al., 1996a). In a similar study in desert parts of 

China, ephemeral plants sprouted in early April and completed their life-cycle 

within two months. Their coverage in April, May and June were 13.9, 40.2 and 

14.1 percent, respectively (Xueqin et al., 2003).  

 

Conclusion 
 

Overall, the results indicated that restoration and protection programs can 

be improved vegetation coverage and richness of degraded rangelands of dry 

regions. So that, after eight years of protection, in protected vegetation types 

the number of plant species and plant density were on average 20% and 95% 

more than non protected type, respectively. Moreover, vegetation cover in 

protected vegetation types was 3.3 times more than control. Despite of higher 

species richness in protected vegetation types, all plant diversity indices were 

higher in the control type because of more evenness index. It seems that in the 

protected areas, successional stages are allowed to occur and in the intermediate 

serial stages, the higher competitive species dominate the community, 

decreasing the evenness index. As, two ephemeral species including Carex sp. 

and Roemeria hybrida were included more than 50% of the total plant density 

with below only 1% of vegetation percentage in protected areas, while these 

species had low densities (less than 5%) in non protected areas, because of 

livestock grazing. Therefore, it seems that moderate grazing or other weak 

perturbations reduce the dominance of some plant species and subsequently 

increase evenness (according to the intermediate disturbance hypothesis). 

Moreover, intermediate disturbance can release some niches that can be 

colonized by initial or intermediate plant stages, increasing the overall species 

richness and evenness. 
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