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Abstract: North African steppes are subjected to extreme degradation resulting in the reduction of their surface, genetic erosion of
resources, and decrease in biodiversity. Stipa tenacissima steppes, which constitute one of the most representative vegetation types in the
driest areas of the Mediterranean basin, are continuously degrading. With the aim of contributing to a better knowledge of the floristic
composition and diagnosing the state of degradation of these steppes, we conducted a phytoecological analysis of 10 S. tenacissima
sites in Tunisia. Floristic inventory compiled a systematic list of 46 vascular plant species belonging to 43 genera and 26 families.
Species richness ranged from 4 to 18 species per 900 m?. Total vegetation cover was moderate and fluctuated between 22.8% and 49.9%.
Our results revealed also a decreasing trend in species richness with increasing elevation (p = -0.585). Indeed, species richness was
negatively correlated with slope (p = -0.19) and positively correlated with sand content (p = 0.262). Biological types were dominated by
chamaephytes; this chamaephytization is due to the phenomenon of aridization and overgrazing. Moreover, the low species cover and

the appearance of nonpalatable species highlighted the vulnerability of these steppes to degradation.
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1. Introduction

Biodiversity is rapidly declining all over the world. In
fact, thousands of plant species are endangered and even
threatened by extinction with the current trend of their
exploitation and eradication (Butchart et al., 2010). The
continuous decline of biodiversity over time has a dramatic
effect on the functioning of ecosystems. The major causes of
biodiversity decline include the loss of habitats, land clearing,
overharvesting of biodiversity resources, the introduction of
exotic species, and climate change. Thus, proper assessment
of species diversity in an area is important for examining
many relevant questions in ecology and for the development
of management actions for conserving biodiversity (Engen
et al., 2008).

North Africa is characterized by fragile zones generally
subject to desertification, being estimated at about 121 x 10°
ha threatened (Bounejmate et al., 2004). Among these fragile
zones, steppe ecosystems are subjected to a strong tendency
to degradation resulting in reduced biological potential and
disruption of ecological and socioeconomic equilibrium,
which leads to severe erosion of biodiversity and soil.

Stipa tenacissima steppes constitute one of the most
representative vegetation types in the driest areas of the
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Mediterranean Basin, covering over 2.8 x 10° ha and resulting
from the degradation of shrublands and Mediterranean open
forests in Southwest Europe and North Africa, respectively
(Le Houérou, 2001), by human activities such as grazing,
harvesting, and repeated burning, which have been
occurring in these steppes for millennia (Barber et al., 1997).
For example, overgrazing has provoked changes in species
composition and richness, and productivity has changed
over the past decades (Wang et al., 2002). Indeed, grazing can
influence structure and organization of plant communities
in different ways (Noy-Meir et al., 1989). The impact of
overgrazing is expressed by the rarefaction and even the
disappearance of some useful plant species with high forage
value, and the abundance and even the dominance of a few
palatable species and the development of unpalatable species.

Stipa tenacissima steppes are mostly distributed in North
Africa from Libya to Morocco and they occur between
the 100-400 mm isohyets. These steppes have long been
subjected to unsustainable exploitation, which led to their
regression. Thus, this landscape has now declined by about
50% (Bounejmate et al., 2004). In central Tunisia, Ghrab
(1981) estimated that for 60 years the Alfa steppes regressed
1% on average per year.
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With the aim of contributing to a better knowledge of
the composition and structure of Stipa tenacissima steppes
in Tunisia, we established floristic inventory data from 10
Alfa sites along an environmental gradient from central
to southern Tunisia. We also discuss the degradation state
and the changes in the floristic composition occurring in
Stipa tenacissima steppes in North Africa.

2. Materials and methods

2.1. Study sites

Field investigation was conducted at 10 Stipa tenacissima
sites located on south-facing slopes along a rainfall
gradient in Tunisia from 6 governorates, Kasserine,
Kairouan, Sidi Bouzid, Sfax, Gabés and Tataouine (Table
1). The sites surveyed encompass a wide range of human
uses. The climate of the study areas is Mediterranean arid,
with average annual precipitation ranging from 141 to 355
mm and an aridity index ranging from 0.09 to 0.3 (Table 1).

2.2. Vegetation sampling protocol

We sampled vegetation using a stratified random procedure
as described by Maestre et al. (2012). Within each site, we
established a plot of 900 m? (30 m x 30 m) representative
of the vegetation present in that area and starting on the
upper edge of the hill slope. Plots were established in

Table 1. Main characteristics of the experimental sites.

areas with sparse vegetation containing plant patches and
bare ground areas. In the upper left corner of the plot, we
located a 30-m-long transect downslope. Three parallel
transects of the same length (30 m), each 8 m apart
across the slope, were added. In each transect we placed
20 consecutive quadrats (1.5 m x 1.5 m). Eighty quadrats
were sampled per site. After recording all the names of
the perennial plant species in quadrats, we measured the
coverage of the population of each species. Species cover
estimates were obtained by averaging the values registered
in the 80 quadrats sampled in each site.

We did not include annual plants as they showed a
high degree of intra- and interannual variability (Pake and
Venable, 1996). We thus limited the study to perennial
plants, which are instrumental in maintaining ecosystem
functioning and preventing desertification in dry lands
(Maestre et al., 2012).

2.3. Data analysis

Sand content was determined as described by Maestre et al.
(2012). Species richness was calculated as the total number
of species present at each site. Species cover estimates
were obtained by averaging the values registered in the 80
quadrats sampled at each site. The sum of all species cover
estimated the total vegetation cover in each plot.

. . Plot UTM Elevation Slope . Sand content Annual mean Aridity
Site location X Soil type Texture ? L .
names coordinates (m)® ©)® (%) ® precipitation (mm) index ®

34°29'39"N,

Bouhedma Pl L 172 4 Lithosols Sandy loam 62.087 177 0.125
9°38'49"E
35°10'03"N,

Chaambi P2 e 934 5 Calcic Cambisols  Sandy loam 56.713 355 0.261
8°40'25"E
33°31'17"N, )

Matmata P3 - 473 22 Lithosols Sandy loam 65.873 221 0.160
9°58'27"E
35°09'36"N,

Sbeitla P4 eon 598 4 Haplic Xerosols Sandy loam 59.808 274 0.194
9°06'59"E
34°57'23"N,

Sidi Bouzid ~ P5 o 447 18 Lithosols Sandy loam 58.93 233 0.168
9°43'04"E

) 32°59'00"N, ]

Tataouine P6 oy 235 1 Lithosols Loamy sand 81.167 141 0.096
10°29'54"E
34°41'66"N,

El Gonna pP7 i 104 3 Haplic Xerosols Sandy loam 59.196 191 0.161
10°30'22"E
33°45.56"N,

Gabes P8 . 94 1.5 Gipsy Yermosols Sandy loam 69.144 171 0.131
10°01.69"E
35°38'01"N, . .

Haffouz P9 . 288 2 Calcic Cambisols ~ Sandy loam 74.515 314 0.218
09°41'27"E
35°58'91"N,

Jbel Halfa P10 10°29'S8"E 221 1.5 Calcic Cambisols ~ Sandy loam 54.756 322 0.298

2 Data come from Maestre et al. (2012).
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We referred to Raunkiaer biological types (Raunkiaer,
1937) to establish the life form types of the plant species
inventoried at the different experimental sites.

To quantify diversity, we used the Shannon diversity
index (H’) and the Simpson diversity index (D). We used
the Hill diversity index (H) to assess multilateral species
diversity and the Pielou index (J) to measure evenness.

The Shannon diversity index is sensitive to the diversity
of common species (Weaver and Shannon, 1949); a higher
value of H’ indicates higher diversity (Kent and Coker,
1992): H’ = -Zpi Ln pi, where pi is the relative abundance
of species i within the community.

The Simpson index (D) measures the probability that 2
individuals randomly selected from an area will belong to
the same species. It is sensitive to the diversity of dominant
species (Simpson, 1949). The formula for calculating D is:

D =1 - X2pi% pi = Ni/N, where Ni is the abundance of
the ith species in the sample and N is the total number of
individuals.

We also used the Hill diversity index (H) (Hill, 1973) as
a measure of the proportional abundance for associating
the indices of Shannon and Weaver and Simpson: H =
(1/D)/e H.

To measure evenness, we used the Pielou index (J):
J] = H/Ln §; here, S denotes the total number of species
(Pielou, 1969). The higher the value of ] is, the more even
the species are in their distribution within the treatment
(Kent and Coker, 1992).

We used the Jaccard index, S (Jaccard, 1908), to assess
degree of similarity between pairs of 900-m? plots based
on the presence/absence species:

S,=alla+b+c),

where a is the number of species shared by plots, b is
the number of distinct species in the first plot, and c is the
number of distinct species in the second plot.

We consider plots with low similarity index (sharing
few species) as ecologically distant and plots with high
similarity index (sharing many species) as ecologically
similar.

2.4. Statistical analysis

We used SPSS 17 for statistical analyses. Because most of
the variables were nonnormally distributed, we conducted
correlation analyses using the Spearman correlation
coefficient (p) to analyze the relationship between species
richness and abiotic parameters (elevation, slope, and sand
content).

We applied multiple correspondence analysis (MCA)
for comparisons between the 10 plots surveyed in terms
of plant composition based on the absence/presence of
species.

3. Results
Through the different floristic surveys, we identified
46 perennial vascular plants species belonging to 43

genera and 26 botanical families (Table 2). We detected
nonpalatable indicator species of grazing such as Atractylis
serratuloides in Matmata, Sidi Bouzid, Tataouine, El
Gonna, and Gabes; Lygeum spartum in El Gonna and
Gabes; Astragalus armatus in Gabes, Haffouz, and Jbel
Halfa; and Hammada scoparia in Bouhedma.

Furthermore, the flora was characterized by the
dominance of taxa belonging to the families Poaceae and
Asteraceae (10.87%), followed by Cistaceae and Fabaceae
(8.7%) and Lamiaceae (6.52%). Several other families were
also present but at levels that remained low.

Biological types were dominated by chamaephytes,
which ranged from 11.11% to 83.33%, followed by
hemicryptophytes, which fluctuated between 11.11% and
44.44% (Figure 1).

Species richness, evenness, and diversity indices at the
different experimental sites are given in Table 3. Species
richness ranged from 4 to 18 species per 900 m?; the lowest
species richness was measured in Chaambi and the highest
was measured in Gabés. Meanwhile, the lowest species
evenness ] and diversity index H” were measured in Sidi
Bouzid. Hill index ranged from 0.66 in Sbeitla to 0.94 in
Tataouine. Species richness was highly and significantly
correlated with both Shannon index (p = 0.982, P < 0.001)
and Simpson index (p = -0.896, P < 0.001).

On the other hand, species richness was negatively
correlated with elevation (p = -0.585, P = 0.075). In fact,
the highest value of species richness was recorded at the
lowest elevation of 94 m, while the lowest species richness
was recorded at 447 m. Moreover, species richness was
negatively correlated with slope (p = -0.19, P = 0.599)
and positively correlated with sand content (p = 0.262, P
= 0.464).

The ratio of coverage of each species presented in the
study areas is shown in Table 4. We noted a low species
vegetation cover of almost all species (cover of <1%). Plant
species with high cover were considered as dominant
species. Stipa tenacissima had the highest rate of coverage,
which ranged from 10.7% in Bouhedma to 40.8% in Sbeitla.
The secondary dominant species were Artemisia herba alba
in Chaambi, Tataouine, and Gabes; Gymnocarpos decander
in Matmata and Tataouine; and Rosmarinus officinalis in
Chaambi, Haffouz, and Jbel Halfa. Total vegetation cover
was moderate and fluctuated between 22.7% and 49.9%.

The Jaccard index (Table 5) values demonstrated the
high degree of dissimilarity between the surveyed sites,
excluding plots 9 (Haffouz) and 10 (Jbel Halfa), which
had Jaccard index of 0.54 and thus appeared the closest
ecologically as compared to the other sites, which shared
few species and thus appeared ecologically distant.

Dimensions 1 and 2 of the MCA ordinations accounted
for 24.5% and 17% of the total variation, respectively.
The MCA comparing the 10 plots surveyed based on
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Table 2. Systematic list of plant species inventoried (+ existent species, - absent species). Note: Ch = chamaephytes, Th = therophytes,
He = hemicryptophytes), Ph = phanerophytes), Nph = nanophanerophytes.

Species Family Life form type Pl P2 P3 P4 P5 P6 P7 P8 P9 PIO
Pinus halepensis Pinaceae Ph + - - - - + - + o+
Gymnocarpos decander Caryophyllaceae Ch - - + - - + + o+ - -
Stipa tenacissima Poaceae He + + + + + + + + + +
Hammada schmittiana Chenopodiaceae Ch + - - - + + - - .
Helianthemum sessiliflorum  Cistaceae Ch + - + - + - - -
Artemisia herba alba Asteraceae Ch - + - - + + + o+ - -
Atractylis serratuloides Asteraceae Ch - + - + + o+ o+ - -
Asparagus stipularis Asparagaceae Ch - - - - - + o+ o+ o+
Ononis natrix Fabaceae Ch - - - - - + - - _
Lygeum spartum Poaceae He - - - - - - + + - R
Retama retam Fabaceae NPh - - - - - . + - _
Erodium arborescens Geraniaceae Ch - - - - - . + - - _
Hammada scoparia Chenopodiaceae Ch + - - - - - + - - -
Lavandula augustifolia Lamiaceae Ch - - - - - - + - + o+
Thymelia hirsuta Thymelaeceae Ch - - + o+ + - + - -
Asteriscus pygmaeus Asteraceae Th + - + - - - + + + -
Echiochilon fruticosum Boraginaceae Ch - - - - - - + - - .
Digitaria commutata Poaceae He + - - - - - - - -
Stipagrostis ciliata Poaceae He + + + - - - - + -
Cenchrus ciliaris Poaceae H + - - - R - -
Halimium halimifolium Cistaceae Ch + - - - - - : - _
Acacia tortilis Fabaceae Ph + - - - - - - _ _ _
Sedum sediforme Crassulaceae He - + - + - - - - - -
Rosmarinus officinalis Lamiaceae NPh + + o+ - - - - + +
Opuntia sp. Cactaceae NPh - + - - - - : - - -
Plantago albicans Plantaginaceae He . + - - - - _ _ _
Anacyclus cyrtolepidoides Asteraceae Th - + - - - - - + o+ o+
Fagonia cretica Zygophyllaceae Th - - - - . . - + - _
Reaumuria vermiculata Tamaricaceae Ch - - - - - - + - -
Salsola kali Chenopodiaceae Ch - - - - - - - + - -
Anabasis articulata Chenopodiaceae Ch - - - - - . : + - _
Kickxia aegyptiaca Scrophulariaceae Ch - - - - - - - + - -
Astragalus armatus Fabaceae Ch - - - - - - - + o+ o+
Polygonum maritimum Polygonaceae Ch - - - - - _ . + - _
Deverra scoparia Apiaceae Ch - - - - - - - + -
Echium arenarium Boraginaceae Th - - - - - : - + -
Adonis vernalis Ranunculaceae Th - - - - - . . + - -
Rhus tripartia Anacardiaceae NPh - - - - . . - + -
Periploca angustifolia Asclepiadaceae NPh - - - - - - - + -
Helianthemum kahiricum Cistaceae Ch - - + - + - - - _
Asteriscus ciliatus Asteraceae Th - - + - - - - - _
Teucrim pollium Lamiaceae Ch - - + + - - R - - _
Fumana thymifolia Cistaceae Ch - - - + - - : . - .
Hernaria cinerea Caryophyllaceae He - - + - - - - _
Juniperus phoenicia Cupressaceae Ph - - - - - - - - -
Globularia alypum Globulariaceae Ch - - - - - . - _
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Figure 1. Life forms’ percentage distribution for all data among
the different experimental plots (%).

the absence/presence of species showed that these sites
differed in terms of species composition (Figure 2) and so
were inhabited by different assemblages of species.

4, Discussion

4.1. Biodiversity of Stipa tenacissima steppes: insights
from Tunisian steppes

4.1.1. Effect of abiotic factors on species richness

The results of this research indicated that elevation, slope,
and sand content had an influence on biodiversity and
species richness. In fact, this study revealed a decreasing
trend in species richness with increasing elevation along
the studied plots. Similar results were found for decreasing
species richness with elevation (Bachman et al, 2004;
Jacquemyn et al., 2005). According to Rahbek (1995),
there are 4 main trends in elevational species richness: a
monotonic decline in species richness from low to high
elevation, a hump-shaped pattern with a maximum at
middle elevations, or essentially a constant from the

lowlands to middle elevations, followed by a strong
decline further upwards. The regionally observed patterns
of species richness result from several interacting factors,
such as geographical area, environmental variables,
plant productivity, competition, historical or evolutional
development, regional species dynamics, regional species
pool, and human activity (Zobel, 1997; Criddle et al.,
2003).

On the other hand, the negative correlation found
between species richness and slope leads us to say that
species richness decreases with increasing slope. In fact,
it has been shown that soil on low slopes has more depth
and greater fertility because of sediment accumulation
compared to high-slope areas (Saeedi Goraghani et al.,
2013). Indeed, competition in steep areas is lower due to
lower depth, drainage, and more dryness (Noor Alhamad,
2006).

Furthermore, species richness showed a positive
correlation with sand content. The pattern species
richness-soil texture is still poorly studied as few studies
have dealt with this issue. Saporetti-Junior et al. (2012)
suggested that species richness will increase as fine sand
percentage increases. Indeed, sandy soils having finer
particles also have higher water retention rates than sandy
soils with coarser particles (Mecke et al., 2002).

4.1.2. Floristic composition of Tunisian Stipa tenacissima
steppes

The experimental sites have almost entirely different
species compositions. In fact, almost all plots (excluding
Haffouz and Jbel Halfa) shared few species and so
appeared ecologically distant. We suppose that this was
due to abiotic and biotic environmental differences.

Our results showed the dominance of chamaephytes
in Stipa tenacissima steppes; this chamaephytization has
its origin in the phenomenon of aridization (Floret et al.,
1990). In fact, the highest percentage of chamaephytes was

Table 3. Species richness, evenness, and diversity indices.

Plots  Species richness ~ Shannon (H’) Simpson (D) Pielou (J) Hill (H)
P1 10 1.955 0.155 0.849 0.913
P2 9 1.642 0.234 0.747 0.827
P3 10 1.869 0.17 0.811 0.907
P4 8 1.422 0.366 0.684 0.658
P5 4 0.697 0.646 0.502 0.77
P6 6 1.549 0.226 0.864 0.939
pP7 17 2.199 0.144 0.776 0.77
P8 18 2.248 0.134 0.777 0.788
P9 11 2.001 0.17 0.834 0.795
P10 9 1.727 0.228 0.786 0.779
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Table 5. Values of the Jaccard similarity index.

Plots P1 p2 P3 P4 P5 pP6 p7 P8 P9 P10
P1 1

p2 0.117 1

P3 0.176  0.187 1

P4 0.125 0214  0.285 1

P5 0.076  0.166  0.272 0.2 1

P6 0.142 0.153 0333 0.076  0.428 1

p7 0.227  0.13 0.227  0.136 0235  0.277 1

P8 0.115 0.125 0.166  0.043 0.157 0.2 0.25 1

P9 0.105  0.25 0.157  0.157  0.071 0.062  0.227  0.208 1

P10 0.055 0.285 0.125 0.133  0.083  0.071 0.181 0.173  0.538 1

shown in Tataouine, characterized by a lower aridity index
of 0.096, while lower percentages of chamaephytes were
shown in Haffouz (18.18%) and Chaambi and Jbel Halfa
(both 33.33%), characterized by aridity indexes of greater
than 0.2. Moreover, chamaephytes adapt better to summer
drought and light (Danin and Orshan, 1990). Grazing can
also promote chamaephytes being rejected by herds (Kadi-
Hanifi, 1998). In grassland formations, Le Houérou (1992)
emphasized the increase of woody chamaephytes due to
overgrazing by cattle and sheep.

It is possible to note the important percentage of taxa
belonging to the family Poaceae as an indicator of grazing.

064 P10
P9
0.5

0.4

P2
0.3+

Dimension 2(17.016)

0.1+ P6
P4

P7 P3 P5

0.0 T T
0.0 0.2 0.4 0.6

Dimension 1(24.588)

Figure 2. Multiple correspondence analysis (MCA) comparing
the 10 plots surveyed in terms of species composition based on
the absence/presence of species.
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In fact, Catorci et al. (2011) mentioned that grazing
promotes grasses, especially Poaceae species. Many
of the grasses belonging to Poaceae show remarkable
increases during grazing disturbances, contributing to the
enhancement of the pastoral value (Sebastia et al., 2008).

The relatively low vegetation cover may also represent
proof of overgrazing, which caused rapid regression of
Stipa steppes and accelerated the dune installation process
and contributed greatly to rangeland degradation.

An important cover of Artemisia herba alba was
remarkable in some plots. This species was generally
related to the degradation of Stipa steppes in central and
southern Tunisia. One study reported that these steppes
are permanent but they are not resilient; once destroyed,
they do not reestablish themselves (Le Houérou, 1981).
On the contrary, an older study found the steppes stable
as they are both permanent and resilient and reported that
they may be considered a ‘neoclimax’ (Le Houérou, 1969).

In addition, we noted a predominance of nonpalatable
species among the different experimental sites. In fact,
the regressive evolution of Stipa tenacissima steppes
resulted in stages where this climax species was replaced
by less preferred livestock species reflecting overgrazing,
such as Lygeum spartum, Atractylis serratuloides,
Hammada scoparia, and Astragalus armatus. Indeed,
the overexploitation of pastoral resources caused genetic
erosion of the most productive species and evolution of
potential and biodiversity to a nonproductive dynamic
with installation and development of ruderal unpalatable
species.

Through the floristic surveys, we identified the 2
sites that were the most vulnerable to degradation. The
first site was Sidi Bouzid (P5) with the lowest evenness,
diversity, and species richness (only 4 species; 2 of these
species, Atractylis serratuloides and Thymelia hirsuta, are
nonpalatable indicator species of overgrazing). The other
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site was Bouhedma (P1), where the cover of Hammada
scoparia was 9.93% against 10.7% of Stipa tenacissima,
which underlined that Stipa will be replaced over time by
this nonpalatable species if restoration measures are not
introduced. Restoration ecologists should devote further
attention to these degraded steppes in accordance with the
magnitude of this problem.

4.2. Degradation state and floristic changes occurring in
North African Stipa tenacissima steppes

At the end of the 19th century, the North African S.
tenacissima steppes covered about 12 x 10° ha; they have
now declined by about 50% (Bounejmate et al., 2004). Le
Houérou (1981) underlined that they covered about 5.5 x
10¢ ha (Algeria: 3 x 10% Morocco: 1.5 x10% Tunisia: 0.6
x 105 Libya: 0.4 x 10°). Overgrazing has constituted the
principal cause of this severe degradation by reducing
perennial plant cover and as a result increasing erosion,
and reducing the number of palatable species, which can
be replaced by unpalatable plant units resulting from a
dynamic degradation with less functional performances
such as Hammada scoparia, Hammada schmittiana,
Atractylis serratuloides, and Astragalus armatus. Indeed,
the clearing of S. tenacissima steppes for agriculture is
one of the most important causes of degradation, loss of
species, and ecosystem dysfunction.

In Tunisia, Azaiez (2001) proved that rangelands have
been degrading since the 1960s. In fact, comparison of
the state of rangelands between 1978 and 1999 showed
a decline in the steppe area estimated at approximately
9.6% (Bounejmate et al., 2004). In central Tunisia, Ghrab
(1981) estimated that for 60 years the Stipa steppes had
regressed 1% on average per year. Moreover, Le Houérou
(1986) highlighted a decrease in the area of S. tenacissima
steppe estimated to an average of 10,000 ha per year since
the beginning of the century.

Moroccan rangelands have also deteriorated.
Comparison between rangeland conditions of 1988
and 2000 showed that overall degraded area increased
from 53,541 ha to 72,228 ha due to the clearing of Stipa
tenacissima and Artemisia herba alba steppes (Mahyou
et al,, 2001). According to these authors, degraded Stipa
tenacissima steppe increased from 54,149 ha to 56,188
ha and the S. tenacissima steppe in good condition
decreased from 22,457 ha to 15,929 ha. Furthermore, in
eastern Morocco, Bounejmate et al. (2004) suggested an
irreversible degradation of S. tenacissima steppes into
shrub steppes.

In Algeria, S. tenacissima steppes showed over time a
severe degradation and progressive regression. In fact, the
esparto-covered surface decreased hugely from 4.5 x 10°
ha (Boudy, 1950) to only 3 x 10° ha (Ghebalou, 2001).

On other hand, Le Houérou (1981) suggested that
once Alfa grass has been removed it never comes back.

Indeed, he showed that when Alfa steppe is deteriorated,
steppic shrubs represented mainly by Artemisia herba
alba, Atractylis serratuloides, Hammada scoparia, and
Thymelia hirsuta tend to replace the Alfa grass. The
thinned and degraded Stipa tenacissima steppe then slowly
gives way chamaephytic steppe. Our results showed the
predominance of chamaephytes and nonpalatable species
among the different experimental sites, reflecting the
regressive evolution of Stipa tenacissima steppes.

After a few years of total protection, chamaephytic
steppes are dominated by palatable perennial grasses such
as Stipa lagascae, S. parviflora, Stipagrostis ciliata, and
Cenchrus ciliaris. This corroborates field investigations
in long-term enclosures (5-15 years) in Libya, Tunisia,
Algeria, and Morocco (Le Houérou, 1969).

The development of restoration ecology through the
restoration, rehabilitation, and reallocation approach
(Aronson et al,, 1995) is designed to understand the
dynamic processes of degradation as the reconstruction of
ecosystems (Aidoud et al., 2006).

In North Africa, the regeneration of steppe rangelands
was, during the last 4 decades, the challenge for many
development and restoration actions (Aidoud et al., 2006).
A comparison of surface conditions and vegetation showed
the effectiveness of protection (Floret, 1981). In fact, the
exclosure of a degraded steppe promotes regeneration
of perennial plants that trap sand and organic matter
(Floret and Pontanier, 1982) and allow the infiltration of
rainwater. This causes increased vegetation cover and its
maintenance during erosion risk (Floret, 1981). In Tunisia,
several studies have evaluated the effect of rangeland
protection on the Stipa tenacissima cover (Floret, 1981)
and the improvement of its nutritive value (Genin et al.,
2007).

4.3. Concluding remarks and ecological significance
This floristic survey showed that beyond the apparent
homogeneity of Stipa tenacissima steppes, there is
relatively high biodiversity. However, the low number of
species and total vegetation cover, the predominance of
chamaephytes, and the installation and development of
ruderal unpalatable species due to overgrazing represent
an extreme threat to the resilience of this ecosystem.
These results, in combination with those related to abiotic
factors and biodiversity (i.e. species richness declined
with increasing elevation and slope and increased with
increasing sand content), show the vulnerability of these
steppes to degradation.

Protection of Stipa tenacissima steppes and the
establishment of a seed bank can help to restore
these ecosystems and to improve their resilience to
environmental change. Experience showed that restoration
procedures are not useful unless they are included within
an institutional set-up providing the required policy
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related to grazing rights, empowerment of herders, and
better access to marketing (Bounejmate et al., 2004).

Acknowledgments
We thank B Gozalo and V Ochoa for their help with the
laboratory analyses and FT Maestre for his help with

References

Aidoud A, Le Floc’h E, Le Houérou HN (2006). Les steppes arides du
nord de I'Afrique. Sécheresse 17: 19-30 (in French).

Aronson ], Floret C, Le Floch E, Ovalle C, Pontanier R (1995).
Restauration et réhabilitation des écosystéemes dégradés en
zones arides et semi-arides. Le vocabulaire et les concepts.
In: Pontanier R, M’hiri A, Aronson J, Akrimi N, Le Floc’h E,
editors. Chomme peut-il refaire ce qu’il a défait? Paris, France:
John Libbey Eurotext, pp. 11-29 (in French).

Azaiez OB (2001). Utilisation des systtmes d’information
géographiques dans la gestion des parcours en Tunisie. In:
Bounejmate M, El Mourid M, editors. Compte rendu, atelier
Gestion Durable des Ressources Agropastorales, ICARDA/
DDC/INRA, Oujda, Maroc. Aleppo, Syria: ICARDA, pp. 193—
210 (in French).

Bachman S, Baker WJ, Brummitt N, Dransfield J, Moat ] (2004).
Elevational gradients, area and tropical island diversity: an
example from the palms of New Guinea. Ecography 27: 299-
310.

Barber A, Cabrera MR, GuardiolaI(1997). Sobre la cultura del'espart
al territori Valencia. Valenica, Spain: Bancaja (in Valencian).

Boudy P (1950). Economie forestiére Nord Africaine. Paris, France:
Editions Larose (in French).

Bounejmate M, Norton BE, Khatib A, Bathikha N, Ghassali F, El
Mourid M, Mahyou H (2004). Partnership for understanding
land use-cover change and reviving overgrazed rangeland in
Mediterranean areas: ICARDASs experience. In: Ferchichi
A, Ferchichi A, editors. Réhabilitation des péturages et
des parcours en milieux méditerranéens. Zaragoza, Spain:
CIHEAM, pp. 267-283.

Butchart SHM, Walpole M, Collen B, Van Strien A, Scharlemann
JPW, Almond REA, Baillie JEM, Bomhard B, Brown C, Bruno
J etal. (2010). Global biodiversity: indicators of recent declines.
Science 328: 1164-1168.

Catorci A, Ottaviani G, Ballelli S, Cesaretti S (2011). Functional
differentiation of central Apennine grasslands under mowing
and grazing disturbance regimes. Pol J Ecol 59: 115-128.

Criddle RS, Church JN, Smith BN, Hansen LD (2003). Fundamental
causes of the global patterns of species range and richness. Russ
J Plant Physl 50: 192-199.

Danin A, Orshan G (1990). The distribution of Raunkiaer life forms
in Israel in relation to the environment. ] Veg Sci 1: 41-48.

Engen S, Sether BE, Sverdrup-Thygeson A, Grotan V, @degaard F
(2008). Assessment of species diversity from species abundance
distributions at different localities. Oikos 117: 738-748.

236

field surveys. This research was funded by the European
Research Council under the European Community’s
Seventh Framework Programme (FP7/2007-2013)/ERC
Grant Agreement No. 242658 (BIOCOM) awarded to FT
Maestre. We gratefully acknowledge support from the
BIOCOM project.

Floret C (1981). The effects of protection on steppic vegetation in
the Mediterranean arid zone of Southern Tunisia. Plant Ecol
46:117-129.

Floret C, Galan MJ, Le Floc’h E, Orshan G, Romane F (1990). Growth
forms and phenomorphology traits along an environmental
gradient: tools for studying vegetation. ] Veg Sci 1: 71-80.

Floret C, Pontanier R (1982). Laridité en Tunisie présaharienne:
climat, sol, végétation et Aménagement. Travaux et documents
de 'Orstom. Paris, France: Orstom éditions (in French).

Genin D, Khorchani T, Hammadi M (2007). Improving nutritive
value of a North African range grass (Stipa tenacissima): effect
of dung ash and urea treatment on digestion by goats. Anim
Feed Sci Tech 136: 1-10.

Ghebalou A (2001). Une approche de gestion et dexploitation des
nappes alfatiéres. Colloque sur lindustrie papetiere, CIPA.
Algiers, Algeria: CIPA (in French).

Ghrab S (1981). Etude de la variabilité éco-phénologique de Talfa
en Tunisie centrale: application en vue de la sauvegarde et
de Taménagement des nappes alfatiéres. Thesis, Université
de droit déconomie et des sciences Aix-Marseille, Marseille,
France (in French).

Hill MO (1973). Diversity and evenness: a unifying notation and its
consequences. Ecology 54: 427-432.

Jaccard P (1908). Nouvelles recherches sur la distribution florale.
Bull Soc Vaud Sci Nat 44: 223-270 (in French).

Jacquemyn H, Micheneau C, Roberts DL, Pailler T (2005). Elevational
gradients of species diversity, breeding system and floral traits
of orchid species on Reunion Island. ] Biogeogr 32: 1751-1761.

Kadi-Hanifi H (1998). Lalfa en Algérie: syntaxonomie, relations
milieu-végétation, dynamique et perspectives davenir. PhD,
Université des Sciences et de la Technologie H. Boumediene,
Bab Ezzouar, Algeria (in French).

Kent M, Coker P (1992). Vegetation Description and Analysis: A
Practical Approach. London, UK: Belhaven Press.

Le Houérou HN (1969). La végétation de la Tunisie steppique:
Structure, écologie, sociologie, répartition,
utilisation, biomasse, productivité (avec référence aux
végétations analogues d’Algérie, de Libye et du Maroc). Ann
Inst Nat Rech Agro Tunisie 42: 622 (in French).

évolution,

Le Houérou HN (1981). Long term dynamics in arid-land vegetation
and ecosystems of North Africa. In: Goodall DW, Perry RA,
editors. Arid Lands Ecosystems: Structure, Functioning and
Management, Vol. 2. Cambridge, UK: Cambridge University
Press, pp. 357-384.


http://dx.doi.org/10.1111/j.0906-7590.2004.03759.x
http://dx.doi.org/10.1111/j.0906-7590.2004.03759.x
http://dx.doi.org/10.1111/j.0906-7590.2004.03759.x
http://dx.doi.org/10.1111/j.0906-7590.2004.03759.x
http://dx.doi.org/10.1126/science.1187512
http://dx.doi.org/10.1126/science.1187512
http://dx.doi.org/10.1126/science.1187512
http://dx.doi.org/10.1126/science.1187512
http://dx.doi.org/10.1023/A:1022969029867
http://dx.doi.org/10.1023/A:1022969029867
http://dx.doi.org/10.1023/A:1022969029867
http://dx.doi.org/10.2307/3236051
http://dx.doi.org/10.2307/3236051
http://dx.doi.org/10.1111/j.0030-1299.2008.16466.x
http://dx.doi.org/10.1111/j.0030-1299.2008.16466.x
http://dx.doi.org/10.1111/j.0030-1299.2008.16466.x
http://dx.doi.org/10.2307/3236055
http://dx.doi.org/10.2307/3236055
http://dx.doi.org/10.2307/3236055
http://dx.doi.org/10.1016/j.anifeedsci.2006.08.013
http://dx.doi.org/10.1016/j.anifeedsci.2006.08.013
http://dx.doi.org/10.1016/j.anifeedsci.2006.08.013
http://dx.doi.org/10.1016/j.anifeedsci.2006.08.013
http://dx.doi.org/10.2307/1934352
http://dx.doi.org/10.2307/1934352
http://dx.doi.org/10.1111/j.1365-2699.2005.01307.x
http://dx.doi.org/10.1111/j.1365-2699.2005.01307.x
http://dx.doi.org/10.1111/j.1365-2699.2005.01307.x

GHILOUFI et al. / Turk ] Bot

Le Houérou HN (1986). The desert and arid zones of Northern Africa.
In: Evenary M, Noy-Meir I, Goodall DW, editors. Ecosystem of
the World 12B: Hot Deserts and Arid Shrublands. Amsterdam,
the Netherlands: Elsevier, pp. 101-147.

Le Houérou HN (1992). An overview of vegetation and
land degradation in world arid lands. In: Dregne HE,
editor. Degradation and Restoration of Arid Lands. Lubbock,
TX, USA: Texas Tech University, pp. 127-163.

Le Houérou HN (2001). Biogeography of the arid steppe land north
of the Sahara. ] Arid Environ 48: 103-128.

Maestre FT, Quero JL, Gotelli NJ, Escudero A, Ochoa V, Delgado-
Baquerizo M, Garcia-Gémez M, Bowker MA, Soliveres S,
Escolar C et al. (2012). Plant species richness and ecosystem
multifunctionality in global drylands. Science 335: 214-218.

Mahyou H, Tahri M, Thomas N, Bounejmate M (2001). Etude de
la dégradation des parcours de la commune rurale d'Ain Béni
Mathar a l'aide des systemes d’information géographiques et
de la télédétection. In: Bounejmate M, El Mourid M, editors.
Compte rendu, atelier Gestion Durable des Ressources
Agropastorales, ICARDA/DDC/INRA, Oujda, Maroc. Aleppo,
Syria: ICARDA, pp. 63-72 (in French).

Mecke M, Westman CJ, Ilvesniemi H (2002). Water retention
capacity in coarse podzol profiles predicted from measured soil
properties. Soil Sci Soc Am J 66: 1-11.

Noor Alhamad M (2006). Ecological and species diversity of arid
Mediterranean grazing land vegetation. J Arid Environ 66:
698-715.

Noy-MeirI, Gutman M, Kaplan Y (1989). Responses of Mediterranean
grassland plants to grazing and protection. J Ecol 77: 290-310.

Pake CE, Venable DL (1996). Seed banks in desert annuals:
implications for persistence and coexistence in variable
environments. Ecology 77: 1427-1435.

Pielou EC (1969). An Introduction to Mathematical Ecology. New
York, NY, USA: Wiley-Interscience.

Rahbek C (1995). The elevation al gradient of species richness: a
uniform pattern? Ecography 18: 200-205.

Raunkiaer C (1937). Plant Life Forms. Oxford, UK: Clarendon Press.

Saeedi Goraghani HR, Heidary Ghodrat A, Solaimani Sardo M
(2013). The effect of some topographical properties on diversity
and species richness in southern slopes of summer rangelands
Damavand Mountain of Iran. Int J Agric Res Rev 3: 652-659.

Saporetti-Junior AW, Schaefer CE, Souza AL, Soares MP, Aradjo DS,
Meira-Neto JO (2012). Influence of Soil Physical Properties on
Plants of the Mussununga. Folia Geobot 47: 29-39.

Sebastia MT, de Bello E, Puig L, Taull M (2008). Grazing as a factor
structuring grasslands in the Pyrenees. Appl Veg Sci 11: 215-
222.

Simpson EH (1949). Measurement of diversity. Nature 163: 688.

Wang YS, Shiyomi M, Tsuiki M, Tsutsumi M, Yu XR, Yi RH (2002).
Spatial heterogeneity of vegetation under different grazing
intensities in the Northwest Heilongjiang Steppe of China. Agr
Ecos Environ 90: 217-229.

Weaver W, Shannon CE (1949). The Mathematical Theory of
Communication. Champaign, IL, USA: University of Illinois
Press.

Zobel M (1997). The relative role of species pools in determining
plants species richness: an alternative explanation of species
coexistence. Trend Ecol Evol 12: 266-269.

237


http://dx.doi.org/10.1126/science.1215442
http://dx.doi.org/10.1126/science.1215442
http://dx.doi.org/10.1126/science.1215442
http://dx.doi.org/10.1126/science.1215442
http://dx.doi.org/10.2136/sssaj2002.0001
http://dx.doi.org/10.2136/sssaj2002.0001
http://dx.doi.org/10.2136/sssaj2002.0001
http://dx.doi.org/10.1016/j.jaridenv.2006.01.001
http://dx.doi.org/10.1016/j.jaridenv.2006.01.001
http://dx.doi.org/10.1016/j.jaridenv.2006.01.001
http://dx.doi.org/10.2307/2260930
http://dx.doi.org/10.2307/2260930
http://dx.doi.org/10.2307/2265540
http://dx.doi.org/10.2307/2265540
http://dx.doi.org/10.2307/2265540
http://dx.doi.org/10.1111/j.1600-0587.1995.tb00341.x
http://dx.doi.org/10.1111/j.1600-0587.1995.tb00341.x
http://dx.doi.org/10.1007/s12224-011-9106-9
http://dx.doi.org/10.1007/s12224-011-9106-9
http://dx.doi.org/10.1007/s12224-011-9106-9
http://dx.doi.org/10.3170/2008-7-18358
http://dx.doi.org/10.3170/2008-7-18358
http://dx.doi.org/10.3170/2008-7-18358
http://dx.doi.org/10.1038/163688a0
http://dx.doi.org/10.1016/S0167-8809(01)00217-1
http://dx.doi.org/10.1016/S0167-8809(01)00217-1
http://dx.doi.org/10.1016/S0167-8809(01)00217-1
http://dx.doi.org/10.1016/S0167-8809(01)00217-1
http://dx.doi.org/10.1016/S0169-5347(97)01096-3
http://dx.doi.org/10.1016/S0169-5347(97)01096-3
http://dx.doi.org/10.1016/S0169-5347(97)01096-3

