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Land degradation is a global issue affecting environment around the 

world, when occurring in arid and semiarid environment this 

phenomenon is defined as desertification. Overgrazing can generate a 

regressive chain reaction leading to degradation of vegetation cover 

and loss of biodiversity. The use of indicators to assess desertification 

is suitable to detect the state of the health of rangeland ecosystems. In 

this study, we assessed species richness and diversity between two 

habitats (grazed and ungrazed), in addition, we evaluated the effect of 

grazing on the total vegetation cover, bare ground cover and co-

occurrence between the two treatments. Our results indicated that 
richness, diversity, total vegetation cover and co-occurrence were 

affected by grazing activity. The high value of bare ground cover 

indicated a regressive trend, which can be interpreted as a process of 

desertification. However, the protection from grazing promoted 

vegetation cover and diversity. It is recommended to use controlled 

grazing and increase protected zone areas.  
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Introduction:-  
Desertification is a complex phenomenon, including physical and biological aspects, as well as human and social 

aspects (Mabbutt 1986). According to the United Nations Convention to Combat Desertification, desertification is 

defined as “land degradation in arid, semi-arid, and dry sub-humid regions”. Vegetation degradation is one of the 

principal processes leading to desertification (Dregne 1998). In semi-arid and arid environments, vegetation 

degradation is directly related to climate and anthropogenic activities (Le Floc’h 2001; Le Houérou 2001; Gamoun 

2013). In semiarid and arid ecosystems, unsustainable livestock farming is an important driver of land degradation 

(Hanke et al. 2014). 

 
The understanding of grazing effects on plant communities in the Mediterranean arid steppe is still missing.  The 

Mediterranean ecosystems are the most vulnerable to global change (Schröter et al. 2005). In Algeria, more than 20 

million hectares are covered by steppe rangelands, these ecosystems are threatened by desertification (Merdas et al. 

2015).  According to Le Houérou (2001), the present steppe result from a regressive process, the driving forces of 

this regressive succession are a combination of destructive woodcutting, wild fires, overstocking and clearing, under 

an increasing anthropogenic pressure, periodically worsened by recurrent climatic droughts. 
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Overgrazing is the most important factor of degradation in arid lands of Australia, Africa, Europe and Asia. Land 

degradation in Africa is much more associated with overgrazing, the example is the North Africa, where overgrazing 

has a negative effect on the ecosystem (Aidoud & Touffet 1996; Gamoun 2013). The grazing activity has a role in 

changing the composition of plant communities by reducing the abundance of palatable species and promoting less 

palatable species (Milton & Hoffman 1994). In addition, grazing can reduce the perennial vegetation cover and 

leading to the exposure of the soil more to wind and water erosion. 
 

Facing this great problem, Algerian authorities implemented many policies and techniques for the management and 

protection of rangelands. The management practices of steppe rangelands are provided by the High Commission for 

the Development of Steppe (HCDS) since 1994 (Amghar et al. 2012).  The most common management technique is 

grazing exclosure (protection from grazing), since this technique is cost effective and easy for its implementation.   

 

Therefore, the use of a set of vegetation indicators is essential for the measurement of the sustainability of grazing 

systems (Yayneshet & Treydte 2015). In addition, the vegetation is a good indicator of an ecosystem’s overall 

function in arid and semi-arid areas (Zuo et al. 2008).  

 

Overall, our study aims to have more understanding of the plant communities in arid Mediterranean steppe by giving 

more effective indicators to assess desertification and contributing to the conservation of ecosystem functioning. In 
this study, we addressed the following research questions: (1) what is the effect of grazing by livestock on plant 

communities (species richness, abundance of species, annual species, and leguminous species) of steppe rangelands? 

(2) Is grazing exclosure an effective management practice? 

 

Methods:- 
Study area:- 
The study area is located in the Central Steppe of Algeria (Fig 1). The climate of the study area is arid. Climatic data 

were obtained from the nearest weather station of Boussâda (period 1988–2014). The data indicated that climate 

condition is characterized by a single dry season along the whole year, with an average temperature ranging from 

8.88 ° C to 32.30 ° C for January and July months, respectively. The average of annual rainfall is 184 mm, the 

lowest value is recorded in July with 5.14 mm, and the highest value in September with 28.21mm. Land use is 

dominated by livestock farming along the year. The most common soil type in the study area is calcimagnesic soils 

(Halitim1988). 
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Figure 01:- Location of the study area (WGS 1984- UTM Zone 31N) 

 

A steppe community in plains, dominated by the perennial grass Stipa tenacissima, characterizes the vegetation. In 

addition, mountains are covered by an open forest dominated by, Pinus halepensis, Quercus ilex and Juniperus 

phoenicea. The phytogeographical point of view, the proposed area is located at the border of two floristic regions: 

the Mediterranean region in the north and the Saharan-Arabian region in the south (Kaabeche 1996). 

 

Data collection:- 

The vegetation survey was conducted between April and May 2014, during active growth period of the plants.  In 
total, we sampled 30 transects, 15 transects were sampled in protected areas and 15 were performed in freely grazed 

areas. We used the Point-Intercept Method to estimate plant abundance and richness. We recorded the identity of 

plant species every 20 cm for each transect.  

 

Data analysis:- 

Plant species richness (S) was estimated in each transect by the number of recorded species. For plant species 

diversity, we measured Shannon index and Pielou’s evenness for grazed and protected areas. Plant cover is 

calculated according to the number of hits of all plant species, the co-occurrence is estimated according to the 

number of times where two or more species were found together in the same point. The obtained data were subjected 

to one-way analysis of variance (ANOVA) to test the existence of significant differences in all parameters for the 

two treatments protected and grazed areas using  the R software (R Development Core Team, 2016). 

 

Results:- 
In this study, 101 species were recorded in the plant community studied belonging to 81 genera and 27 families. 

Eleven families were represented only by one species. Asteraceae family represents 26% of the total of species, 
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followed by Poaceae by 18% and Fabaceae representing 8% of species. The remaining 13 families represent 13%.   

Stipa tenacissima was the most abundant species with 4803 records the equivalent of 33.25% and it was found in all 

sampling sites. The second most abundant species is Anacyclus cyrtolepidioides with 1661 records (hits) 

representing 11.5% of the total abundance (Table 1).  

 

Table 1:- The most abundant species representing 90% of total records. 

Scientific name Contacts % 
Stipa tenacissima 4803 33,3 
Anacyclus cyrtolepidioides 1661 11,5 
Stipa tortilis 1140 7,9 
Malva aegyptiaca 1109 7,7 
Artemisia herba-alba 806 5,6 
Plantago albicans 649 4,5 
Filago spathulata 423 2,9 
Koeleria pubescens 410 2,8 
Helianthemum salicifolium 343 2,4 
Micropus bombicinus 300 2,1 
Stipa lagascae 280 1,9 
Noaea mucronata 160 1,1 
Artemisia campestris 148 1,0 
Asteriscus pygmaeus 144 1,0 
Atractylis prolifera 132 0,9 
Schismus barbatus 132 0,9 
Plantago ovata 127 0,9 
Eruca vesicaria 126 0,9 
Herniaria fruticosa 104 0,7 
 

Protected areas had the highest value of species richness with 37 species and mean value of 30.20 ± 5.85. The mean 

richness value for grazed areas was 18.67 ± 4.98 with a maximum value of 26 species. The ANOVA test revealed 

that species richness was significantly different between grazed and protected areas (F1,28 =  33.83, P= 0.000003) 

(Fig 2, a). The mean value of the Shannon index for ungrazed areas was 2.19 ± 0.24 and 1.83 ± 0.38 for grazed 

areas. This index differed significantly between the two treatments   (F1,28 =  9.51, P= 0.004) (Fig 1, b). The Pielou’s 

evenness indicated that there were no significant differences between grazed and ungrazed areas (F1,28 =  0.297, P= 

0.59) (Fig 1, c), the mean value of evenness in ungrazed areas was 0.65 ± 0.06 and 0.63 ± 0.09 for grazed habitats 

respectively.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 01:- Comparison of diversity measures for grazed and ungrazed areas in the study area. (a) Richness, (b) 

Shannon index and (c) Evenness. The symbol (***) represents the existence of significant differences for the 

ANOVA test, (/) indicates no significance for ANOVA test.   
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(***) (***) (/) 
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The results indicated that grazing activity affected significantly the total vegetation cover between grazed and 

ungrazed areas. The same result was found in the bare ground cover. For the cover of the most abundant species 

Stipa tenacissima, results indicated that there were no significant differences between the two treatments, whereas, 

for co-occurrence the ANOVA test revealed a significant difference between grazed and ungrazed areas (Table 2).   

 

Table 2:- Structure parameters of the plant community between protected and grazed areas. 

Parameters Ungrazed Grazed Significance  

Total vegetation cover 50.69 ± 6.46 36.95 ± 9.30 0.0001 

Bare soil cover 49.41 ± 6.46 62.83 ± 9.89 0.0001 

Stipa tenacissima cover 16.58 ± 6.54 15.04 ± 7.01 0.649 

Co occurrence 65.80 ± 30.05 20.66 ±16.91 0.0001 

Bold value indicates that there is no significance for ANOVA test between the two treatments.  

 

Discussion:- 
Overgrazing is considered as the most important factor of degradation in arid parts of Australia, Africa, Europe and 

Asia.  Land degradation in Africa is much more associated with overgrazing, the example is the North Africa, 

where overgrazing has a negative effect on the ecosystem (Aidoud & Touffet 1996; Gamoun 2013). Grazing has a 

role in changing the composition of plant communities by reducing the abundance of palatable plants and promoting 

ephemeral plants (Milton & Hoffman 1994). Heavy grazing can lead to the deterioration of the vegetation cover by 
consuming plant species and trampling (Su et al. 2015). The reduction of vegetation cover and its replacement by 

annual plants makes the soil more susceptible to wind and water erosion in consequence, the processes of 

desertification. 

 

Our study in arid rangelands of Algeria showed that grazing activity induced a significant reduction in species 

richness and Shannon diversity index. However, grazing did not have an effect on the evenness. Our results are in 

concordance with those of (Gamoun 2013; Salemkour et al. 2016) and following the model of  (Olff & Ritchie 

1998) in which grazing in arid environment can lead to the reduction of diversity. The reduction of richness and 

diversity can lead to the deterioration of palatable species (Tarhouni et al. 2010) and the decrease of the pastoral 

quality of rangelands. The effect of grazing on plant species richness and diversity is more accentuated under dry 

conditions (Tarhouni et al. 2010).  
The cover of bare ground tended to increase with grazing gradient, representing more than 62% of the total cover. 

Thos high value of the bare ground cover indicates that soils in grazed areas are more exposed to degradation 

processes. In grazed areas, grazing activity is carried out throughout the year; in such condition, the pressure of 

herbivores is maintained continuously leading to low vegetation cover and high proportion of bare ground. The 

cover of Stipa tenacissima did not show any differences between grazed and protected areas, indicating that grazing 

did not affect Stipa tenacissima. However, the co-occurrence parameter negative tendency under the effect of 

grazing. In ungrazed areas, co-occurrence is more important, this can be due to the suppression of disturbance 

activity of herbivores and the absence of trampling. Aidoud et al. (2006) reported that Stipa tenacissima provides 

refuges for many species like Sedum sediforme and Xeranthemum inapertum; this is consistent with our results 

where the most important co-occurrence records were those of Stipa tenacissima with other species. This is why the 

perennial grass Stipa tenacissima is considered as a key species in arid rangelands of Algeria.  
 

Many studies have indicated that protection from gazing activity had a positive effect on plant community diversity 

in arid environment (e.g. Amghar et al. 2012; Gamoun 2013). This finding is confirmed by our study where 

protection from grazing improved significantly the plant species richness and diversity. The absence of disturbance 

(defoliation, trampling) stimulates the development of plant species, which recover new bare areas which in turn 

increased total vegetation cover. The recovery was not only restricted to plant species and vegetation cover, but 

there is an improvement in pastoral quality; increase in pastoral value and proportion of leguminous species (results 

not shown). 

 

These findings show that high values of bare ground recorded in the study area are an indicator of desertification 

processes. Therefore, controlled grazing is recommended as well as the increase of areas of protected zones as 

indicated by (Le Floc’h 2001; Slimani et al. 2010).      
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