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Abstract: Plants are a vital part of the world’s biological diversity and have great economic and
cultural importance. Plant biodiversity balances ecosystems, protects watersheds, mitigates erosion,
affects climate, and provides shelter for many animal species. This study aimed to determine plant
diversity in relation to the soil properties of semi-arid rangelands along a gradient at the watershed
scale in the Oued Chabro, Algeria. Plants and soil were sampled at 27 points distributed in three
sampling sites (upstream, midstream, and downstream). The floristic data was analyzed using
species richness estimators, life forms, spatial occurrence, and multiple factor analysis. Moreover,
the effects of soil properties on the taxonomic structure of plant communities in the sampling sites
were analyzed using Pearson correlations. The characterized flora included 42 plant species classified
into 18 families, and Asteraceae (38.1%), Poaceae (14.3%), Brassicaceae (7.1%), Amaranthaceae (4.8%),
and Chenopodiaceae (4.8%) were the most representative in terms of species. The species Atractylis
delicatula was dominant (relative abundance = 81.5%). The upstream site was characterized by a high
vegetation cover, high species abundances, and richness in plant families and genera. Significant
correlations were observed in this area between the number of genera, number of families, number of
species, family richness, Pielou evenness index, and Simpson’s concentration index. The upstream
site was characterized by chamaephytes and phanerophytes; 16 species were exclusively present in
this section. Two species were found in the midstream site and one (Scolymus hispanicus) was found
in downstream site. The upstream site was positively correlated with plant litter, the midstream with
barren soil, and the downstream study area was negatively correlated with coarse-grained materials
and vegetation cover. This study demonstrated that differences in life forms, richness, and diversity
exist among the three sampling sites due to the soil differences and the positions along the watershed.

Keywords: plant diversity; Algerian steppes; wadi; soil factors; semi-arid rangelands

1. Introduction

North African wadis (or oueds) are intermittent rivers and streams that occur in areas
with limited water resources. In the context of climate change, the poor management
of freshwater exacerbates the growing local demand for this precious resource, which
may amplify the current water deficit [1,2]. Algeria has multiple natural wetlands with
high diversity resulting from plant formations with a high species richness and different
structures and landforms. The country presents a great climatic diversity—as all the
Mediterranean bioclimatic stages, from humid to Sahara, are met there—which gives its
regions high value for animal and plant diversity [3].
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Vegetation cover constitutes a fundamental component of ecosystems and provides
several services to the livelihood community [4]. Vegetation can be used as an indicator,
providing information about habitat conditions and helping to determine the direction of
changes in these conditions [5]. Changes in structure and plant communities also contribute
to understanding environmental factors and their associated impacts [4]. Ecological at-
tributes related to vegetation cover structure, such as perennial and annual species density
and species diversity, are important indicators of environmental disturbances [6].

It can be expected that the regulation of plant distribution in rivers will take place
from whole stream systems to stream discharges and habitats within stream reaches. Plant
species are subsequently influenced by the environmental conditions within the river
reach, when it successfully arrives and establishes at a certain stream site. It has been
previously found that the distribution of plants at the spatial scale of the river reach is
related to alkalinity, river size, and the occurrence of coarse substrate in Danish streams [7].
The river continuum concept (RC concept) predicts that the highest number of species will
be found in medium-sized rivers with moderate disturbance, high physical heterogeneity,
and favorable lighting and sedimentary conditions, while the species number will be
lower in the upstream and downstream sections with unfavorable light and sediment
conditions [8].

Arid and semi-arid environments offer opportunities for the evaluation and under-
standing of the mechanisms involved in the diversification and adaptation of plants in
relation to the evolution of their environment [9]. The relationships between environmental
factors and vegetation have attracted great interest in recent decades, and many studies
have explored the relationship between soil and floristic factors [10–12]. In arid or semi-
arid ecosystems, plant population dynamics and community properties are controlled by
abiotic factors [13], while in moister environments with less precipitation variation, plant
community properties are more directly controlled by grazing [14].

Nevertheless, the hydrogeographic context of northeastern Algeria is poorly studied.
A taxonomic list of spontaneous vegetation is unknown for most watersheds and wadis.
Therefore, this study provides a list of natural flora from a permanent wadi (Chabro Wadi)
of northeast Algeria. The aims of the study were to: (i) examine the botanical composition,
including the plant richness, plant diversity, taxonomical structure, and diversity of life
forms; (ii) determine the influence of soil physicochemical properties on plant distribution
along the watershed; and (iii) determine the relationship between soil physicochemical
properties and plant species found within the vegetation patches on Chabro Wadi.

2. Materials and Methods
2.1. Study Area and Sampling Sites

The study area is part of the Tebessa Province (wilaya) in northeastern Algeria; it stretches
within the northern latitudes of 35◦10′ to 35◦22′ and the eastern longitudes of 7◦13′ to 7◦55′,
which covers about ~13,261 km2. This wilaya is limited to the north by Souk Ahras, to
the south by El Oued, to the west by Constantine, and to the east by the Algeria–Tunisia
border (Figure 1). An analysis of climate data from 2020 provided by InfoClimat (www.
infoclimat.fr, 22 December 2021) and Tutiempo (https://tutiempo.net, 22 December 2021)
indicated that annual precipitation during the study period totaled 369.2 mm, with a
maximum in September (78.2 mm) and a minimum in August (0 mm). The average annual
temperature is 23.64 ◦C, with a maximum in July (35.3 ◦C) and a minimum in December
(8.4 ◦C). According to the Köppen classification, the climate is BSK (i.e., a dry and cold
semi-arid steppe climate) [15]. The aridity index of De Martonne (1926) is 14.30, indicating
a semi-arid climate. The Gaussen and Bagnouls diagram shows a dry season that lasts
more than five months a year, from mid-May to late October (Figure 1). Three stations were
sampled through the study area: (i) station 1 (8.09◦98′57′′ E, 35.44◦70′64′′ N) was located
upstream of the oued; (ii) station 2 (8.04◦28′81′′ E, 35.49◦41′15′′ N) at the center of the oued;
and (iii) station 3 (7.98◦21′49′′ E, 35.63◦87′24′′ N) downstream from the oued.

www.infoclimat.fr
www.infoclimat.fr
https://tutiempo.net
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Figure 1. Elevation map displaying the geographic location of the sampling sites (S1: upstream;
S2: midstream; S3: downstream) along the “Oued Chabro” and in Tebessa (northeastern Algeria,
North Africa). The bottom left plot is a Gaussen and Bagnouls climatic diagram for Tebessa, where
the mean temperature, precipitation, and potential evapotranspiration (PET) are the monthly means
of the period 1972–2016.

2.2. Sampling Plants

In the same plots where we collected soil samples, we also collected data on the
vegetation. The monitoring of plants was conducted during the optimal growing period
(February to April 2021). The choice of sample locations was random and took into account
the apparent homogeneity of the vegetation of the region. The sampling area of each sample
was 100 m2. This area is commonly applied for sampling the vegetation of Algerian steppe
rangelands [16]. The number of sampling points was about nine quadrants per station
(a total of 27 quadrants distributed throughout 3 stations); the vegetation represented was
quantified in 100 m2 quadrants (10× 10m) along the station. The observations were marked
at regular intervals of 10 cm (100 points) along the line transect. The distance between
a quadrant and the following quadrant was 10 m. All plants that intercepted transects
were identified and registered. Inside each plot, plant species were identified, and their
nomenclature was adopted according to the flora of Algeria [17,18].

At each sampling site, 27 soil samples were collected using an auger at an average
depth of 20–30 cm. Soil sampling was carried out within the same area used to sample
vegetation. In this plot, soil samples were randomly collected, then all the subsamples
were mixed to create a single composite soil sample that was analyzed in the lab. In the
laboratory, physical and chemical analyses were carried out on the fine earth that was
air-dried and sieved at Ø < 2 mm. Soil pH and electrical conductivity (EC) were measured
at 1:5 soil–water suspension ratios. Organic carbon (SOC) was determined using Anne’s
method [19] by the oxidation of carbon with excess potassium dichromate (K2Cr2O7) in
sulfuric acid medium (heat source). The amount of non-consumed dichromate was mea-
sured back by Mohr’s salt. The rate of organic matter (OM) was estimated by multiplying
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the percentage of carbon by 1.72 [20]. Subsequently, the granulometric composition of each
sample was determined according to PN ISO 11277:2005 as a fraction of stones (>75 mm),
gravel (2–75 mm), sand (0.05–2 mm), or silt (<0.05 mm).

2.3. Evaluation of Plant Cover, Occurrence, and Life forms

Plant cover is an important ecological feature that refers to the amount of ground
surface covered by plants and can be estimated using the following formula [21]:

Cover (%) =
n

∑
i=1

number o f hits o f species (n)
Total number o f points

× 100 (1)

Using the same technique, i.e., LIT, as we did for computing vegetation cover, we
determined soil-surface covers (in %) for plant litter, coarse-grained materials, and bare
ground. For each plant species, occurrence (%) was computed as the number sampling
points were the species occurred divided by the total number of points per sampling site.
In addition, the plants were categorized using the life forms of the Raunkiær system, which
were used as proxies of plant functional traits.

2.4. Alpha and Beta Diversity, Rarefaction, and Interpolation of Species Richness

The diversity of plants in the sampling sites was evaluated the using vegetation cover,
relative frequency (RF) of species, Hill numbers, and Pielou evenness index (E). Relative
frequency provides information on the rate of occurrence of a species along a transect for
each cell [22]. It can be calculated using the following formula [23]:

RF =
number of occurences of species

Total number of occurences of all species
× 100 (2)

Diversity was estimated using Hill numbers (qD) expressed by Hill’s q-metrics, with qD:
qD = (∑s

i=1 Pq
i )

1/(1−q)
. The parameter q controls the sensitivity of this diversity estimate to

species’ relative frequencies (Pi): (i) for q = 0, this index (0D) is simply S (species richness),
where all species are given equal weight; (ii) when q tends to 1, the index 1D expresses the
exponential of Shannon’s index (H’), and greater weight is given to common species; and
(iii) for q = 2, the index 2D yields becomes the inverse of Simpson’s concentration index (D)
where greater weight is given to dominant species [24].

The Pielou evenness index (E) measures the distribution of species within a transect,
regardless of the species richness [25].

Species richness estimates were carried out using the EstimateS program [26]. Four asymp-
totic richness estimators were applied—Chao1 and Chao2 richness estimators (S(Chao1) and
S(Chao2)) and the first- and second-order jackknife estimators (S(Jack1) and S(Jack2)):

S(Jack1) = S(obs) + Q1

(
m− 1

m

)
(3)

S(Jack2) = S(obs) +

(
Q1(2m− 3)

m
− Q2(m− 2)2

m(m− 1)

)
(4)

s(Chao1) = s(obs) +

(
n− 1

n
× F1(F1 − 1)

2(F2 + 1)

)
(5)

S(Chao2) = S(obs) +

(
m− 1

m
× Q(Q1 − 1)

2(Q2 + 1)

)
(6)

where Q1 represents uniques, Q2 is duplicates, F1 is singletons, F2 is doubletons, m is
sample size, n is the number of individuals. The estimates of species richness were obtained
following 100 randomizations and given as means ± SD.



Diversity 2022, 14, 450 5 of 20

In order to define if the sampling effort applied at each sampling site was sufficient to
encounter all plant species, we carried out species richness interpolation via species accu-
mulation curves. For each sampling site, as well as the whole Chabro Wadi, interpolations
were performed 9 times the reference sampling size that was nine relevés per site and 27
for the three sites combined.

Beta diversity was determined using the EstimateS software. The similarity of species
richness between sampling site plant groups was analyzed using several similarity indices
in order to obtain a comprehensive analysis, which was complemented with a Venn diagram.
A similarity analysis was carried out using qualitative-based and qualitative-based indexes
including the Jaccard, Sørensen, Morisita–Horn, and Bray–Curtis indexes [24,27].

2.5. Taxonomic Diversity

First, the relative frequencies of species per family were determined for the total
inventory. In each sampling unit, the genus or family richness to species richness ratios
(G/S or F/S ratio) were computed. In former studies, the taxonomic structure has been
demonstrated to vary between spatial and temporal sampling units. The relationships
between generic or family richness and species richness (species–higher taxon relations)
were analyzed using these models [28,29]:

ln(G) = a + b × ln(S) and ln(F) = a + b × ln(S) (7)

where G represents the number of genera, F is the number of families, and S is the number
of species. The intercept parameter a of the previous two models was set to 0 because
of the taxonomic structure where each species belongs only to one genus and one family.
Accordingly, the forms of the models used were ln(G) = b × ln(S) for the species–genus
relationship and ln(F) = b × ln(S) for the species–family relationship. Regression analysis
was used to estimate the exponent of b in the species–higher taxon relationship.

2.6. Data Management and Statistical Analysis

For each sampling site within the Chabro watershed, soil data and plant diversity
traits were summarized using descriptive statistics, viz., mean, range (min–max), standard
deviation (SD), median (Med), and the coefficient of variation (CV). These statistics of
plant diversity indices were represented in boxplot form to facilitate comparisons between
sampling sites. When the CV is less than 10%, the data expresses low variability, while it
demonstrates high variability when the CV is greater than 90% [30,31]. The variation of the
same indices among sampling sites was tested using generalized linear models (GLMs).
Shapiro–Wilk tests were applied to verify the normality of the data. The variation of G/S
and F/S ratios among sampling sites was tested using one-way ANOVA. Significance tests
(p < 0.05) were processed further using Tukey’s HSD post hoc test. For each sampling
site, Pearson correlation tests were applied between soil characteristics (physicochemical
properties and surficial covers) and G/S and F/S ratios. Correlation tests were carried
out between diversity parameters in order to explore the relationships between plant
diversity indices.

A multiple factor analysis was performed in order to distinguish between the plant
and abiotic characteristics of the three scales (down-, mid-, and upstream) of the Chabro
watershed. All the measured data were included in the same analysis. The variables
measured at each sampling site were grouped in into six categories, including (i) soil-
surface covers with four inputs (plant litter, coarse-grained materials, barren soil, and total
vegetation cover); (ii) soil physicochemical properties with eight inputs (pH, EC, OM, SOC,
gravel, sand, silt, and clay); (iii) plant lifeforms with five inputs (chamaephytes, geophytes,
hemicryptophytes, phanerophytes, and therophytes; (iv) taxonomic structure with 5 inputs
(#Families, #Genera, #Species, G/S ratio, and F/S ratio); (v) taxonomic diversity with
6 inputs (S, N, H, E, D, and D:S ratio); (vi) richness estimates with 8 inputs (S(Chao1), S(Chao2),
S(Jack1), S(Jack2), S(Bootstrap) (bootstrap richness estimator), S(MM) (Michaelis–Menten richness
estimator), ACE (abundance coverage-based estimator), and ICE (incidence coverage-based
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estimator)). For each of the above categories, a principal component analysis (PCA) was
obtained based on the inputs of the specific variable. The free software R was used to carry
out the statistical analyses.

3. Results
3.1. Soil Characteristics of Vegetation Types

The results of the soil physicochemical analysis and soil-surface characteristics are
shown in Table 1. The coefficient of variation (CV) values were between 0.10 and 0.90,
except for those of silt and clay. This indicated that the plant litter, coarse materials, bare
soil, pH, electrical conductivity (EC), organic matter (OM), soil organic carbon (SOC), sand,
and gravel had moderate variability, while the silt (CV = 187%) and clay (CV = 131%) had
great variability in the study area. The downstream site was characterized by a vegetation
cover ranging between 43 and 67%; it varied between 19% and 34% at the midstream site
and from 45 to 82% at the upstream site. With regard to OM content, the studied soils were
generally classified as low in OM (0.28% to 1.45%). We observed a spatial variation in OM
content, which was directly related to shifts in vegetation cover. However, this variation
was not statistically significant.

Table 1. Characteristics of the phytoecological sites associated with watershed scale in the semi-arid
lands of Algeria.

Characteristics Statistics Downstream Midstream Upstream Overall

Soil Properties

Clay (%)
Mean ± SD
Min–Max
CV; Med

1.3 ± 0.75
0.26–2.6

57.65; 1.22

1.07 ± 1.26
0.08–3.78

118.55; 0.36

3.85 ± 4.16
0.38–13.64

108.01; 2.61

2.07 ± 2.77
0.08–13.64

133.32; 1.22

Silt (%)
Mean ± SD
Min–Max
CV; Med

1.8 ± 1.34
0.18–3.69
74.1; 1.76

1.99 ± 2.85
0.08–9.12

143.37; 1.48

5.64 ± 9.79
0.14–31.24
173.6; 2.4

3.14 ± 5.98
0.08–31.24

190.26; 1.76

Sand (%)
Mean ± SD
Min–Max
CV; Med

29.08 ± 8.32
13.7–41.3

28.61; 29.35

24.35 ± 19.04
11.15–73.65
78.19; 17.44

22.85 ± 7.33
12.51–32.72
32.07; 23.42

25.42 ± 12.52
11.15–73.65
49.23; 23.42

Gravel (%)
Mean ± SD
Min–Max
CV; Med

67.81 ± 10.11
52.41–85.86
14.91; 67.2

72.6 ± 20.89
20.08–85.6
28.78; 79.7

67.66 ± 14.76
35.04–84.86

21.81; 72

69.36 ± 15.43
20.08–85.86
22.25; 72.84

pH
Mean ± SD
Min–Max
CV; Med

7.51 ± 0.28
7.23–7.96
3.75; 7.43

7.24 ± 0.14
7.09–7.54
1.99; 7.21

7.21 ± 0.27
6.89–7.75
3.75; 7.16

7.32 ± 0.27
6.89–7.96
3.68; 7.24

Electrical conductivity
(µS/cm)

Mean ± SD
Min–Max
CV; Med

718.2 ± 163.9
449–890

22.82; 798

2245.1 ± 423.9
1535–2850
18.88; 2150

1211 ± 244.3
953–1787

20.17; 1150

1391.4 ± 708.8
449–2850

50.94; 1150

Organic matter (%)
Mean ± SD
Min–Max
CV; Med

1.45 ± 0.24
1.14–1.79

16.53; 1.42

1.12 ± 0.19
0.76–1.32

16.99; 1.17

0.28 ± 0.06
0.2–0.37

20.03; 0.28

0.95 ± 0.53
0.2–1.79

55.62; 1.14

Organic carbon (%)
Mean ± SD
Min–Max
CV; Med

0.84 ± 0.14
0.66–1.04

16.53; 0.83

0.65 ± 0.11
0.44–0.77

16.99; 0.68

0.16 ± 0.03
0.12–0.22
20.03; 0.16

0.55 ± 0.31
0.12–1.04
55.62; 0.66

Soil-surface cover (%)

Total vegetation cover
Mean ± SD
Min–Max
CV; Med

53.78 ± 8.04
43–67

14.96; 52

25.44 ± 4.98
19–34

19.56; 25

67.56 ± 13.19
45–82

19.53; 71

48.93 ± 20.01
19–82

40.89; 51

Plant litter
Mean ± SD
Min–Max
CV; Med

14.78 ± 6.1
2–24

41.27; 15

11.22 ± 6.4
3–24

57.02; 10

17.56 ± 3.32
12–24

18.92; 18

14.52 ± 5.87
2–24

40.41; 15

Coarse materials
Mean ± SD
Min–Max
CV; Med

21.33 ± 6.3
11–28

29.55; 23

27.22 ± 14
9–49

51.42; 26

16.89 ± 4.08
9–21

24.13; 19

21.81 ± 9.81
9–49

44.97; 20

Bare ground
Mean ± SD
Min–Max
CV; Med

25.56 ± 5.36
20–36

20.99; 24

42.44 ± 9.57
25–57

22.54; 43

18.22 ± 9.12
5–34

50.05; 17

28.74 ± 13.02
5–57

45.29; 27

(SD: standard deviation, CV: coefficient of variation, Med: median).
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3.2. Floristic Composition

The floristic inventory for our watershed scale included 42 plant species belonging
to 41 genera and 18 different families from 2942 individuals (Table 2). The most widely
represented families were Asteraceae (38.10%), Poaceae (14.29%), Brassicaceae (7.14%),
Amaranthaceae, and Chenopodiaceae (4.76%), whereas the majority of the other families
were represented by only one species.

Table 2. Systematic list of Raunkiær life forms (RLFs), abundances (N), and occurrence frequency
(Occ) of plant species (%) recorded in different sites of the Chabro watershed. Values between square
brackets are relative frequencies of species per family. RLFs: Cham—chamaephyte; Geo—geophyte;
Hemi—hemicryptophyte; Ther—therophyte; Phan—phanerophyte.

Family Species RLF
Upstream Midstream Downstream Total

N Occ N Occ N Occ N Occ

Amaranthaceae Beta vulgaris Thell. Ther 129 100 157 88.9 - - 286 63
[4.76%] Salsola vermiculata L. Cham 23 66.7 26 55.6 36 88.9 85 70.4
Apiaceae * Scandix pecten-veneris L. Ther 31 66.7 9 55.6 20 44.4 60 55.6
Asteraceae Anacyclus radiatus Lois. Ther 10 33.3 - - - - 10 11.1
[38.10%] Atractylis delicatula L. Hemi 23 88.9 31 66.7 24 88.9 78 81.5

Atractylis humilis L. Hemi 121 66.7 - - - - 121 22.2
Bellis sylvestris Cirillo Hemi 20 77.8 - - 18 66.7 38 48.1
Calendula arvensis L. Ther 55 100 74 77.8 3 22.2 132 66.7
Carduncellus pinnatus Desf. Hemi 11 44.4 70 66.7 234 100 315 70.4
Carduus pycnocephalus L. Ther 2 11.1 - - - - 2 3.7
Carthamus lanatus L. Ther 3 11.1 1 11.1 31 66.7 35 29.6
Echinops spinosus L. Cham 1 11.1 - - - - 1 3.7
Hedypnois cretica L. Ther 8 33.3 47 33.3 8 55.6 63 40.7
Hertia cheirifolia L. Hemi 1 11.1 1 11.1 - - 2 7.41
Matthiola lunata DC. Ther 1 11.1 - - - - 1 3.7
Onopordum acanthium L. Hemi 23 33.3 - - - - 23 11.1
Reichardia picroides L. Ther 25 55.6 18 44.4 9 44.4 52 48.1
Scolymus hispanicus L. Hemi - - - - 41 100 41 33.3
Xanthium spinosum L. Ther 23 44.4 76 100 - - 99 48.1

Boraginaceae * Echium italicum L. Ther 3 22.2 - - - - 3 7.41
Brassicaceae Eruca vesicaria L. Car. Ther 44 88.9 9 22.2 - - 53 37
[7.14%] Moricandia arvensis DC Hemi 62 88.9 11 33.3 - - 73 40.7

Sisymurum irio L. Ther 23 66.7 13 33.3 - - 36 33.3
Caryophyllaceae * Paronychia argentea Lam. Hemi 3 22.2 - - - - 3 7.41
Chenopodiaceae Arthrocnemum indicum Willd. Hemi 6 11.1 - - - - 6 3.7
[4.76%] Atriplex halimus L. Cham 97 100 - - 280 100 377 66.7
Cupressaceae * Juniperus oxycedrus L. Phan 0 – 1 11.1 - - 1 3.7
Euphorbiaceae * Euphorbia helioscapia L. Ther 4 11.1 - - - - 4 3.7
Fabaceae * Retama raetam L. Phan 65 44.4 - - 104 66.7 169 37
Frankeniaceae * Frankenia Thymifolia Desf. Cham 7 44.4 - - - - 7 14.8
Geraniaceae * Erodium cicutarium L. Ther 33 33.3 - - - - 33 11.1
Lamiaceae * Marrubium vulgare L. Hemi 12 66.7 - - - - 12 22.2
Malvaceae * Malva sylvestris L. Hemi 41 100 3 11.1 - - 44 37
Plantaginaceae * Plantago lenceolata L. Hemi 3 22.2 4 11.1 - - 7 11.1

Poaceae Ampelodesmos mauritanicus
Poir. Hemi 40 66.7 - - - - 40 22.2

[14.29%] Arundo donax L. Geo - - 74 11.1 - - 74 3.7
Bromus rubens L. Ther 39 22.2 - - - - 39 7.41
Hordeum maritimim Huds Ther 75 55.6 26 33.3 62 66.7 163 51.9
Lolium perenne L. Hemi 200 100 11 44.4 45 77.8 256 74.1
Stipa tenacissima L. Hemi 29 66.7 23 77.8 - - 52 48.1

Rhamnaceae * Ziziphus lotus L. Cham 3 22.2 - - - - 3 7.41
Tamaricaceae * Tamarix balansea J.Gay Phan 8 22.2 - - 35 33.3 43 18.5
Families = 18 Genera = 41, Species = 42 N = 1307 685 950 2942

* Species relative frequency = 2.38%.

The family Asteraceae was the best represented with 1013 individuals and sixteen
species, compared to Poaceae with 624 individuals and six species. The species of Aster-
aceae with the highest relative abundances (RAs) were Atractylis delicatula L. (81.5%),
Carduncellus pinnatus Desf. (70.4%), Calendula arvensis L. (66.7%), Bellis sylvestris Cirillo,
Reichardia picroides L., and Xanthium spinosum L. (48.1%), Hedypnois cretica L. (40.7%), Scoly-
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mus hispanicus L. (33.3%), Carthamus lanatus L. (29.6%), Atractylis humilis L. (22.2%), and
Onopordum acanthium L and Anacyclus radiatus Lois. (11.1%). The rest of the species had
low abundances (RA < 10%).

3.3. Biological Spectrum

With regard to the life forms of the taxa (Figure 2), the sampling sites were colonized by
therophytes (annual plants), hemicryptophytes, and chamaephytes; in addition, geophytes
were observed at the midstream site. The phanerophytes were poorly represented.

Figure 2. Biological spectrum of the vascular plants inventoried at sampling sites. (N: number of
individuals, S: species richness, Occ: occurrence frequency).

3.4. Taxonomic Structures

The ratios of generic richness to species richness (G/S) were 1.02 at the upstream and
midstream sites and 1.00 at the downstream study area. The ratios of family richness to
species richness (F/S) were 0.51 in total (Table 3). The analysis of variance revealed no
significant variation in the values of both ratios between sampling sites (one-way ANOVA:
F(2,24) = 0.847, p = 0.441 for G/S ratio, F(2,24) = 0.016, p = 0.984 for F/S ratio). Among all the
correlations testing the relationships between soil characteristics and the values of G/S or
F/S ratios, a single significant negative correlation (r = −0.878, p = 0.002) was observed
between electrical conductivity and the F/S ratio at the downstream site. All the other
correlations were non-significant.

In comparison to the genus–species relationship, the family–species relationship at the
downstream and midstream study areas displayed greater stability with the change of site
(Figure 3).
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Table 3. Descriptive statistics of the ratios of generic richness to species richness (G/S) and family richness to species richness (F/S) and Pearson correlation tests
(r—correlation coefficient; P—p-value) between (G/S and F/S) and the ecological characteristics for different sampling sites.

Variables
Genus/Species (G/S) Ratio Family/Species (F/S) Ratio

Upstream Midstream Downstream Total Upstream Midstream Downstream Total

Descriptive statistics
Minimum 1 1 1 1 0.41 0.40 0.43 0.4
Maximum 1.06 1.14 1 1.14 0.70 0.75 0.67 0.75
Median 1 1 1 1 0.50 0.50 0.50 0.5
Mean 1.02 1.02 1 1.01 0.52 0.51 0.52 0.51
Standard deviation 0.03 0.05 0 0.03 0.08 0.11 0.08 0.09
Coefficient of variation (CV) 0.02 0.04 0 0.03 0.15 0.20 0.14 0.17

Pearson correlation tests
Plant litter r 0.082 −0.479 −0.067 −0.231 0.090 −0.232 −0.621 −0.245

P 0.834 0.192 0.864 0.245 0.818 0.548 0.075 0.217
Coarse materials r 0.063 0.396 −0.015 0.271 −0.083 0.409 0.295 0.251

P 0.873 0.292 0.969 0.172 0.831 0.275 0.441 0.206
Bare soil r −0.275 0.264 0.059 0.068 −0.225 −0.336 0.399 −0.123

P 0.473 0.493 0.881 0.735 0.561 0.377 0.288 0.540
Total vegetation cover r 0.632 0.639 −0.403 0.157 0.204 −0.278 −0.215 0.020

P 0.068 0.064 0.282 0.433 0.598 0.470 0.579 0.920
pH r 0.549 −0.133 0.522 −0.021 −0.191 −0.072 −0.573 −0.234

P 0.126 0.733 0.149 0.916 0.622 0.854 0.107 0.240
Electrical conductivity r 0.275 0.540 0.169 0.337 −0.523 −0.390 −0.878 −0.224

P 0.474 0.134 0.665 0.086 0.149 0.299 0.002 0.262
Soil organic carbon r −0.276 0.240 0.642 −0.153 −0.087 −0.557 0.032 −0.095

P 0.473 0.533 0.062 0.446 0.824 0.119 0.935 0.636
Gravel r 0.518 0.067 −0.019 0.186 0.145 0.374 0.320 0.288

P 0.153 0.864 0.961 0.353 0.709 0.321 0.401 0.145
Sand r −0.235 −0.026 −0.062 −0.109 0.141 −0.295 −0.234 −0.192

P 0.543 0.948 0.873 0.589 0.717 0.441 0.545 0.336
Silt r −0.386 −0.225 0.333 −0.166 −0.195 −0.575 −0.652 −0.230

P 0.305 0.560 0.382 0.407 0.615 0.105 0.057 0.249
Clay r −0.515 −0.211 0.354 −0.184 −0.306 −0.449 −0.558 −0.240

P 0.156 0.586 0.350 0.357 0.423 0.225 0.118 0.229
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Figure 3. The relationships between species richness and generic/family richness (black line/colored
circle) in the study areas. ln(S), ln(F), and ln(G) represent the logarithm of species, generic, and family
richness, respectively, where S represents the number of species, G the number of genera, and F the
number of families.

3.5. Species Diversity/Alpha Diversity

The highest species richness scores were observed at the upstream and downstream
study areas with 19.44 ± 2.01 (mean ± SD) and 10.22 ± 2.59 species/site, respectively
(Figure 4). The GLM showed significant difference in species richness between the individ-
ualized study areas (χ2 = 37.4, p < 0.001). Moreover, species abundances were higher at
the upstream study areas (145.22 ± 28.49 individuals) compared to the midstream study
areas, which showed much lower abundances with 76.11 ± 19.95 individuals recorded.
The GLM revealed a significant variation in specific abundances between the individual-
ized groups (χ2 = 199, p < 0.001). Mean diversity values showed that the highest scores
of the Simpson index were observed in upstream study areas (D = 9.78 ± 1.22). To the
contrary, the lowest values were recorded at the downstream study areas (D = 5.19 ± 1.36).
The ANOVA showed a significant difference between the phytoecological sites in the values
of the Simpson index (F(2,24)=27.1, p < 0.001) and a no significant difference in the D/S ratio
(F(2,24) = 2.30, p = 0.122).

The ranges of the Shannon diversity index were 2.10–3.25, 0.79–3.01, and 3.48–3.90
downstream, midstream, and upstream, respectively (Figure 4). Significant differences in
Shannon index scores were observed between the sampling sites (F(2,24) = 14.7, p < 0.001).
The low value of the Shannon index for the midstream sites reflected the low species
diversity in this area compared with the others. This could be a strong indicator of the
difficulty that certain plant species face in becoming established on this material.

The values of the Pielou evenness index varied from 0.74 to 0.85 at downstream
study areas, 0.39 to 0.90 at midstream sites, and 0.82 to 0.89 at upstream sites. It was not
significantly different throughout different study areas (F(2,24) = 1.02, p = 0.376). However,
these values, which approached the maximum value (p ≈ 1), indicated the homogeneous
and equitable distribution of individuals within species in the relevés in the study area.
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Figure 4. Boxplots of vegetation diversity parameters for different phytoecological groups in the
watershed scale of Tebessa. The same letters associated with average values (colored circles) are
significantly not different following Tukey’s post-hoc test.

3.6. Intra-Relationships between Species Richness Estimates

Pearson’s correlation tests between species richness estimates among the three areas
revealed multiple significant correlations at p < 0.05, p < 0.01, and p < 0.001 (Figure 5). In
the upstream watershed, the significant correlations observed included F–G (p = 0.008),
F–S (p = 0.019), F–F/S (p < 0.001), F-H (p = 0.009), F–D (p = 0.004), G–S (p < 0.001), G–H
(p = 0.005), G–D (p = 0.015), S–H (p = 0.013), S–D (p = 0.038), F/S–D (p = 0.022), H–D
(p < 0.001), and E–D (p = 0.035), and the negative correlations were noted with G/S–N
(p = 0.029). In the midstream watershed, the significant correlations observed in this
area included F-G (p = 0.004), F–S (p = 0.005), G–S (p < 0.001), G–H (p < 0.001), G–E
(p = 0.012), G–D (p = 0.001), S–H (p = 0.001), S–E (p = 0.019), S–D (p = 0.001), H–E (p < 0.001),
H–D (p < 0.001), and E–D (p = 0.002), and the negative correlations observed in this area
concerned the following pairs: F/S–G (p = 0.006), F/S–S (p = 0.005), F/S–H (p < 0.001),
F/S–E (p = 0.001), F/S–D (p < 0.001), and G/S–N (p = 0.037). In the downstream watershed,
the positive correlations observed concerned the following pairs: F–G (p = 0.001), F–S
(p = 0.001), F–N (p = 0.011), F–H (p < 0.001), F–D (p = 0.001), G–S (p < 0.001), G–N (p = 0.007),
G–H (p < 0.001), G–D (p < 0.001), S–N (p = 0.007), S–H (p < 0.001), S–D (p < 0.001), N–H
(p = 0.002), N–E (p = 0.003), N–D (p = 0.001), H–E (p = 0.032), H–D (p < 0.001), and E–D
(p = 0.015), where the negative correlations were noted with F/S–G and F/S–S (p = 0.004),
F/S–H (p = 0.012), and F/S–D (p = 0.023). For the combined areas, almost all correlations
(except two) were positive.

When the first-order jackknife estimator of species richness S(Jack1) was applied, the
number of species was predicted to increase by about 13.75% (inventory completeness ≈ 86%)
in upstream sampling sites to reach 45.22 ± 3.2 species (Table 4). On the other hand, at the
midstream and downstream sampling sites, species richness was estimated at 26.33 ± 1.89
and 15 ± 0 species, respectively, which corresponded to an inventory completeness of
79.76% and 100%, respectively. For all four groups combined, the estimator revealed



Diversity 2022, 14, 450 12 of 20

a completeness of about 86.17%, i.e., S(Jack1) = 48.74 ± 2.97 species based on 42 species
observed (Figure 6).

Figure 5. Probability values of Pearson’s correlation tests between diversity parameters in the study
area (Oued Chabro, Algeria). The diagonal separates a correlation matrix of the three sections of
the watershed, i.e., upstream watershed in left plot under diagonal, midstream watershed in above
diagonal of left plot, downstream watershed in right plot under diagonal, and the matrix of the
whole watershed is displayed above diagonal of right plot. Correlations marked with a cross are
non-significant (p > 0.005).

Table 4. Species richness estimates (with 95% confidence intervals) for the estimators Sest (analytical)
and Chao 1 Classic (dasched line) based on 27 randomized samples (Colwell 2013) for the total data
of flora sampled in Chabro Wadi, Northeast Algeria.

Biodiversity Information Upstream Midstream Downstream Overall

Samples 9 9 9 27
Individuals (computed) 1307 685 919 2942
S(est) ± SD 39 ± 1.82 21 ± 3.01 15 ± 0 42 ± 2.06
S(est) 95% CI lower bound 35.43 15.09 15 37.96
S(est) 95% CI upper bound 42.57 26.91 15 46.04
Singletons 3 3 0 3
Doubletons 1 0 0 2
Uniques 7 6 0 7
Duplicates 6 1 1 5
ACE 40.64 24.12 15 43.93
ICE 43.17 25.32 15 47.48
S(Chao 1) 40.5 24 15 43
Chao 1 95% CI lower bound 39.15 21.35 15 42.09
Chao 1 95% CI upper bound 54.07 46.66 15.48 52.68
Chao 1 SD (analytical) 2.6 4.57 0.22 1.82
S(Chao 2) 41.7 27.7 15 45.4
Chao 2 95% CI lower bound 39.48 22.17 15 42.62
Chao 2 95% CI upper bound 53.95 59.12 16.06 60.3
Chao 2 SD (analytical) 2.88 7.32 0.41 3.54
S(Jack 1) ± SD 45.22 ± 3.2 26.33 ± 1.89 15 ± 0 48.74 ± 2.97
S(Jack 2) 46.6 30.3 15 50.8
Bootstrap mean 42.18 23.3 15.14 45.34
MMRuns mean 44.35 25.22 16.3 44.54
MMMeans (1 run) 43.99 24.6 16.29 44.51
Cole rarefaction 39 21 15 42
Alpha mean 7.56 4.1 2.55 6.94
Alpha SD (analytical) 0.55 0.41 0.27 0.43
Shannon mean 3.07 2.48 2.14 3.09
Shannon exponential mean 21.44 11.96 8.53 22.03
Simpson inv mean 15.34 8.98 6.03 16.02
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Figure 6. Observed (Sest = analytical) and estimated plant species richness using four asymptotic
richness estimators at Chabro Wadi in Algeria. Vertical bars represent standard deviations.

The Chao richness estimator was shown to increase considerably with the number
of individuals captured all over the sampling site. This indicated that Chabro Wadi had
43 species (lower 95% CI: 42 species; upper 95% CI: 53 species) and a total of 2942 indi-
viduals. Chao-1 was significantly greater than the analytical estimated richness indicating
42 species (upper 95% CI: 46 species). The individual-based rarefaction curve of single-
tons was higher than that of doubletons but continued increasing to a steady level across
all sites considered, indicating that the estimators (Sest and Chao-1) increased with the
increase in singletons rather than doubletons. Regarding the diversity indices, the average
Shannon–Wiener index and Simpson index values ranged between 2.14–3.07 and 6.03–15.34,
respectively. The value of both diversity indices was higher in upstream sampling sites.

Upstream sampling sites, with 39 observed species of 1307 individuals, were projected
to have 42.57 ± 1.82 species, an increase of 9.15%. The midstream sampling sites were
predicted to have 21 species observed from 685 individuals and the richness was expected
to increase by 28.14% to reach 26.91 ± 3.01 species. For the downstream sampling sites
(S = 15 observed species), species richness was predicted to be steady and unchanging for
a total of 919 individuals. For all groups combined (S = 42 species, N = 2942 individuals),
species richness was expected to increase by 9.62% to reach up to 46.04 ± 2.06 species
(Figure 7).

3.7. Similarity Analysis between Phytoecological Groups

The Venn diagram showed that ten plant species were common between three sections
of the watershed, including Scandix pecten-veneris, Hordeum maritimim, Hedypnois cretica,
Atractylis delicatula, Lolium perenne, Carduncellus pinnatus, Salsola vermiculata, Reichardia
picroides, Calendula arvensis, and Carthamus lanatus, with nine species shared among groups
upstream and midstream (Malva sylvestris, Moricandia arvensis, Eruca vesicaria, Beta vul-
garis, Xanthium spinosum, Hertia cheirifolia, Stipa tenacissima, Sisymurum irio, and Plantago
lenceolata), and four species shared among groups upstream and downstream (Atriplex
halimus, Retama ratam, Tamarix balansea, and Bellis sylvestris). There were no exclusive
species among midstream and downstream groups. Out of the 42 plant species recorded
in the whole study, 16 species were exclusively present in the upstream section (Matthiola
lunata, Onopordum acanthium, Marrubium vulgare, Echium italicum, Arthrocnemum indicum,
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Echinops spinosus, Ziziphus lotus, Atractylis humilis, Frankenia Thymifolia, Anacyclus radiatus,
Ampelodesmos mauritanicus, Paronychia argentea, Euphorbia helioscapia, Bromus rubens, Erodium
cicutarium, and Carduus pycnocephalus), 02 species in the midstream area (Juniperus oxycedrus
and Arundo donaxi), and one species (Scolymus hispanicus) at the downstream site (Figure 8,
Table 1).

Figure 7. Sample-based rarefaction (solid line) of species richness estimated for three sections of the
watershed in Oued Chabro (Algeria). Light colored areas represent lower and upper bounds of 95%
confidence intervals for the S(est).

Figure 8. Three-set Venn diagram displaying plant species richness (S) recorded at various sampling
sites for the vegetation associated with the watershed scales of the study area.

3.8. Similarity Analysis between Sampling Sites at Different Watershed Scales

The qualitative similarity analysis showed low values of Jaccard index (<50%), while
Sorenson index values were (>50%) for all group pairs (S1–S2, S1–S3 and S2–S3). The raw
and estimated values of Chao-Jaccard and Chao-Sorenson indices disclosed exceptionally
a weak similarity (31.9%) between S2 and S3, but similarity was greater (up to 73.3%) for
other comparative gropu pairs (65–73.3%). The quantitative similaritywas commonly low
(<50%) with Morisita-Horn index and Bray-Curtis index (Table 5).
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Table 5. Qualitative and quantitative similarity of plant communities between sampling sites (S1–S3)
at different watershed scales in the semi-arid lands of Algeria.

Watershed Sampling Site
S1 (S = 39) S1 (S = 39) S2 (S = 21)

S2 (S = 21) S3 (S = 15) S3 (S = 15)

Shared species observed 19 14 10
ACE first sample 40.64 40.64 24.13
ACE second sample 24.13 15 15
Chao shared estimated 21.43 14 0
Classic Jaccard index (%) 46.3 35.0 38.5
Classic Sørensen index (%) 63.3 51.9 55.6
Raw Chao–Jaccard index (%) 57.5 48.2 31.9
Estimated Chao–Jaccard index (%) 57.8 48.2 32.6
Raw Chao–Sørensen index (%) 73.0 65.0 48.4
Estimated Chao–Sørensen index (%) 73.3 65.0 49.1
Morisita–Horn index (%) 45.0 35.5 22.7
Bra–Curtis index (%) 40.2 35.1 23.3

3.9. Spatial Relationships between Soil and Plant Functional Traits

Information from the principal component analysis (PCA) was projected onto a two-
dimensional factorial plot. The choice of the two axes of the plot was based on the most
relevant main components. These concerned the axes F1 and F2, which gave the highest
percentage of inertia with 99.54% and 0.46%, in soil-surface covers, 65.81% and 34.19% in
soil properties, 70.69% and 29.31% in plant life forms, 78.21% and 21.79% in phylogenetic
diversity, 88.93% and 11.07% in taxonomic diversity, and 99.49% and 0.51% in estimated
diversity (Figure 9A–F), respectively. The superposition of the projections of both soil-
surface covers and sampling sites on the 1–2 plot of the PCA showed that the upstream
sites were positively correlated with plant litter, the midstream sites were positively corre-
lated with barren soil, and the downstream study areas were negatively correlated with
coarse-grained materials and vegetation cover. The superposition of the projections of soil
properties showed that the midstream sites were positively correlated with gravel and
EC, the upstream sites were negatively correlated with silt and clay, and the downstream
sites were positively correlated with OM and SOC and negatively correlated with pH
and sand. The downstream study areas were characterized by hemicryptophytes and
therophytes and were highly correlated with estimated diversity (ACE, ICE, S(Chao1), and
S(Jack1)); the upstream sites were characterized by chamaephytes and phanerophytes, had a
rich diversity of families and genera, and were highly correlated with diversity parameters
(N, S, H, D and E) on the first axis of PCA; and the midstream sites were characterized by
geophytes and highly correlated with the D:S ratio.

The explained variability in the multiple factor analysis (MFA) totaled 100% of the
variance, with 67.97% on the first axis and 32.03% on the second axis (Figure 9G). The MFA
confirmed that the upstream sites had different features compared to the midstream and
downstream sites. Taxonomic diversity was the convergent predictor between downstream
sites on the one hand and midstream sites on the other hand. However, plant lifeforms
and soil-surface covers discriminated between these sites. Soil-surface covers were the
traits that brought upstream closer to downstream, while estimated diversity brought the
midstream sites closer to the upstream sites. The latter PFT (i.e., phylogenetic diversity,
taxonomic diversity, and plant lifeforms) along with diversity parameters contributed to
the segregation between the three sites.
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Figure 9. (A–F): Factorial plot 1–2 of the normalized principal components analysis (NPCA) pro-
jecting soil-surface covers (A) soil properties (clay (%), silt (%), sand (%), gravel (%), pH, electrical
conductivity (EC), organic matter (OM), and soil organic carbon (SOC)) (B), plant life forms (C),
phylogenetic diversity (D), taxonomic diversity (E), and estimated diversity (F) measured at the three
sections of the watershed. (G): Scatterplot of the partial factor scores displaying the centroids of the
three sections of the watershed on the factorial correlation biplot 1–2 of the multiple factor analysis
(MFA) analyzing the relationships between all plant traits associated with sampling sites at different
watershed scales.

4. Discussion

The possibility of change is one of the most essential functions of the environment
because of the open circulation of energy and matter [32]. Three phytoecological sites were
individualized with a total of 42 species (41 genera and 18 botanical families), where a
marked presence of the Asteraceae and Poaceae families was observed. One could consider
that the best represented families in Chabro Wadi can tolerant various limiting factors, such
as presence of metal trace elements [33]. As a result, these plants have adapted to the harsh
conditions of arid environments, and some of them are characterized by high resilience [34].
The Poaceae abundance might be due to water availability, such as annual precipitation
and soil properties [35,36]. Some species, such as Hordeum murinum L., have been used in
land revegetation and slope stabilization efforts [37].

A previous soil analysis showed that the studied wadis are characterized by ‘salt-
affected’ to ‘highly salt-affected’ soils [38]. The dynamics of saline groundwater imposed
by the geomorphic conditions and climate of the region can explain the variation in
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the salinity between soils [39]. Soil electrical conductivity reached its maximal value
(EC = 2245.1 µS/cm) in the midstream site. The salinity is caused by different factors, in-
cluding climate, topography, biota, and groundwater depth. According to [40], soil salinity
is strongly influenced by the depth and quality of groundwater and the soil texture of
semi-arid regions. Furthermore, the high values of EC and accordingly salinity can be
related to the type of soils in the study area, which are “Haplic Calcisols”, characterized
by the substantial accumulation of calcium carbonates. Variations in soil properties are
a function of precipitation/dissolution and oxidation/reduction processes in this type of
environment, which is regularly flooded for long periods throughout the year [39,41]. The
highest soil organic carbon (SOC) value was obtained in the soils of the downstream site
(0.84%), and the lowest value was from the upstream soil (0.16%). The content of SOC and
soil stoichiometric traits are good indicators of OM mineralization, carbon stock, and soil
fertility in semi-arid rangelands [41].

The study areas were colonized by therophytes, hemicryptophytes, and chamaephytes.
Both the arid climate and unstable soil structure promote the development of species with
a short life cycle [42,43]. The dominance of therophytes in the study area is associated with
arid and semi-arid conditions, weak annual rainfall, and the production of a high number
of wind-dispersed seeds [44,45]. The achenes and propagules of Anacyclus valentinus and
Calendula arvensis employ a particular protection strategy; they are protected by the shoots
of the plant and dry covers of the dead plants, where they mature until they germinate in
situ [44]. Hemicryptophytes are very common plants in open habitats and arid rangelands,
with more than 50 species recorded in the study area, most of which were Poaceae that
emerge from seeds and propagate vegetatively from plant parts [46]. Chamaephytes
are highly adapted to arid conditions; thus, they can survive in arid rangelands [47,48].
A portion of seeds from other plant species are dispersed after adequate rainfall and they
germinate within a very short timeframe [49].

High Shannon index values and floristic diversity at the upstream sites were a result
of the lack of a dominant species, suggesting that the site’s configuration is favorable for
plant rooting and is a suitable area for vegetation to grow. Low values may indicate that a
few species may adopt strategies to resist environmental disturbance [50].

According to [51], the low species diversity in arid and semi-arid slopes is a result
of soil surface erosion leading to seed loss. Changes in EC are controlled by interactions
between plant and soil, as well as those of soil physical, chemical, and biological properties,
which in turn control plant nutrient availability in the sandy land ecosystem [52]. Soil salin-
ity is a major factor affecting vegetation distribution as well as soil moisture [53]. The most
important physical factors in in arid and semi-arid regions that influence plant distribution
are the existence of spatial temporal gradients of salinity and edaphic moisture [54,55].
Furthermore, the authors of [56] mentioned that the low stability of slope soils leads to
increases in surface density due to the pressure of precipitation events. The preservation of
the ecological value of these areas can be secured in two ways in the absence of disturbance.
First, in semi-arid environments, plant succession is slow. There are more “natural habitat
types of community interest” and species of high ecological value in saline areas without
evidence of previous crops [57–59].

In addition, the authors of [60] proposed four principles that linked hydrology and
biodiversity in rivers, specifically as they were associated with altered flows, and the
riverscapes concept described in [61] explicitly appealed for attempts to associate the
hierarchical nature of rivers with the continuous downstream flow of materials and energy
and the upstream and downstream links that occur through fish, bird, and insect movement.

Species that inhabit each river type have adapted to these patterns through life history
and behavioral and morphological traits [62]. Behavioral adaptations allow organisms to
avoid rapid flow changes by responding early to heavy rainfall or increasing current speeds
or by using them as cues for migration or reproduction [63]. Morphological adaptations
may include brittle structures in plants, which can reduce drag in fast currents [64].
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Aboveground biomass and species richness is influenced by distinct climate conditions
and soil nutrients through the altitude gradient of slopes [65]. Litter fall regulates the accu-
mulation of soil organic matter, nutrient replacement, the preservation of biodiversity, and
different ecosystem functions in natural vegetation [66]. Generally, dry litter decomposes
more slowly in dry areas than in wet areas. At suitable moisture conditions, increasing
temperature results in an exponential increase in decomposition rates [67].

5. Conclusions

The determination of the vegetation can help to identify the relationships between
the distribution of biological types and environmental factors. The plant composition and
diversity along a watershed in the semi-arid rangelands of Algeria is very different. The
highest average richness and species abundances were recorded in upstream study areas,
due to a positive correlation with plant litter and a negative correlation with silt and clay,
whereas the midstream sites reflected low species diversity due to a positive correlation
with barren soil, gravel, and electrical conductivity.

Asteraceae and Poaceae were among the most abundant families covering about 50%
of the studied area. The co-dominance of hemicryptophytes and therophytes, indicated the
typical life forms of the semi-arid areas, which were followed by chamaephytes.
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