Biodiversity Journal, 2020, 11 (1): 25-34 https://doi.org/10.31396/Biodiv.Jour.2020.11.1.25.34

Regional phytogeographic analysis of the flora of the Mounts
of Saida (western Algeria): evaluation-restoration report

Sid Ahmed Aouad;j'”, Yahia Nasrallah? & Okkacha Hasnaoui'

Laboratory of Ecology and Management of Natural Ecosystems, Department of Ecology and Environment, Faculty of Nature and
Life Sciences and Earth and Universe Sciences, Abou Bakr Belkaid University, Tlemcen, Algeria

Laboratory of Biotoxicology, Pharmacognosia and Biological Valuation of Plants, Department of Biology, Faculty of Science,
Universeity of Dr. Tahar Moulay, Saida, Algeria

“Corresponding author, email: sidahmedaouadj@yahoo.com

ABSTRACT A regional floristic and phytogeographic study was conducted in the Mounts of Saida, a sub-
sector of the Tell Atlas (Oran) (O3), in the western Algeria. On an area of 56.31 Km?surveyed
regularly over time during the springs and autumns from 2017 to 2019. A total of 344 taxa
divided into 77 families and 223 genera, including 18 new (exogenous) for Tell Atlas (Oran)
sub-sector (03), have been inventoried. Of these 18 species, 8 belong to the phytogeographic
areas of the arid (H) and hyperarid (AS) regions and 2 invasive species that reinforce and
confirm theories of plant dispersal to the north and to high altitudes for adapting to climate
change. The Factor Analysis of Correspondences (F.A.C) shows that species distribution is
the result of local microclimates associated with the elevation; particularly, the mountains
facing north receive a significant amount of humidity from the Mediterranean Sea.
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INTRODUCTION sidering that the conditions of the environment
changes through the ages.

Phytogeographic and Chorological studies are a The floristic sectors and subsectors subdivision

very important basis for any conservation and
restoration attempt of the local flora (Quezel, 1999).
They allow us to know the natural history of a given
region and they are a true model for interpreting the
phenomena of ambiental regression (Olivier et al.,
1995).

According to Molinier (1934), two points of
view remain attached to this distribution: 1) how a
particular species live in a specific habitat and if it
can be introduced in another region; 2) how the
flora has developed itself and its behavior towards
local ecological factors in a region over time, con-

is a reflection of the narrow climate-vegetation de-
pendence based on the phytogeographic division of
Barry et al. (1974).

Among these, there are phenomena of regres-
sion and global warming at the regional level.

The effect of climate change on biodiversity in
general, including vegetation, has been and contin-
ues to be the subject of interest to several authors,
including Singh & Wheaton (1991), Brooks et al.
(1998), Hebda (1998), Thompson et al. (1998),
Hansen & Dale (2001), Li et al. (2000),
Kirschbaum (2000), Malcolm et al. (2002), Chuine



26 SID AHMED AOUAD] ET ALII

et al. (2004), Callaghan et al. (2005), Gray (2005),
Juday et al. (2005), Usher et al. (2005), Hamman &
Wang (2006), Mckenney et al. (2007) and Aitken et
al. (2008).

As the climate changes occur, some animal and
plant species may evolve to adapt to new environ-
mental conditions, while others may move their
range to areas and regions that are more suited for
their survival, for example, high altitudes. Such a
phenomenon of displacement, known as “disper-
sal”, is an important natural adaptation mecha-
nism. In this context, Callaghan et al. (2005) report
that “The expected increase in temperatures will
increase plant productivity and change the range
of floristic species. More widespread species will
see their range expand northward with greater
abundance and species exclusive or mainly those
from higher latitudes will see their ecological
niche shrink. The latitude and amount of light will
limit the northward migration of some plant
species despite rising temperatures. The cumula-
tive effects of climate change on certain factors
are likely to lead to the emergence of new phyto-
cenoses, with different taxonomic structures and
compositions”.

Usher et al. (2005) report that: “Climate change
should affect biodiversity by changing species
range and habitats, species abundance, genetic di-
versity and species behavior migratory species and
the introduction of exotic species”.

To summarize: climate change will produce new
ecological niches that will encourage the emergence
of new species on a given site. For the majority of
species, climate-friendly biotopes will move north-
wards and will rise at high altitudes. The range of
species adapted to hot and dry climates will extend
to areas that are currently occupied by species better
adapted to cool climates and, therefore, there will
be changes in floristic composition, species distri-
bution, age class distribution and ecosystem struc-
ture.

The Mounts of Saida belong to the Holarctic
Empire, the Mediterranean region, the Eu-
Mediterranean  sub-region,  Mediterranean
Maghrebian domain, the Oran sector (O) and the
Tell Atlas (Oran) subsector (O3) (Quézel & Santa,
1962-1963).

The first research in western Algeria was that of
Babali et al. (2014) in the Tlemcen region. This
work shows the emergence of 9 new plant species

(exogenous) for O3, but which have been observed
in other biogeographical sectors including arid and
hyperarid regions.

The objective of this study is to contribute, in
addition to the aforementioned study (Babali et al.,
2014), with the proposal for a new list of the flora
of Tell Atlas (Oran) subsector (O3) with a complete
inventory of plants and on the basis of literature
data (Quézel & Santa, 1962—-1963).

MATERIAL AND METHODS
Study area

The natural forests of Doui Thabet located to the
west of the mounts of Saida are part of the biogeo-
graphic subsector of the Tell Atlas (Oran) (O3).
They cover an area of 56.31 Km? (Fig. 1). She is
characterized by a semi-arid climate where the av-
erage annual rain fall range from 300 mm to 350
mm. January is the coldest month with a minimum
of 2°C, and the warmest month, with maximum av-
erages of 35°C. The area is characterized by a dry
and warm period from April to October, and another
rainy and cold from November to March.

According to the numerical model of the terrain
(N.M.T), the area has a very heterogeneous and
rugged terrain, its altitude is between 580 m and
1203 m.

Methods

The principle of this work is based mainly on

Mediterranean Sea
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Figure 1. Location of the study area in the map of the main
biogeographical territories of Algeria (Quézel & Santa,
1962-1963).
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the comparison of data between our floristic inven-
tory and the bibliographical data of taxa listed in the
work on the Tell Atlas (Oran) (O3) of Quézel &
Santa (1962-1963).

The type of sampling adopted in this work,
called ‘mixed’, combines a stratified sampling to
designate homogeneous ecological zones, followed
by a sampling for the choice of stations inside of
these areas during spring and autumn from 2017 to
2019 (some species are autumn-flowering, others
early flowering and others late).

The determination of the main homo-ecological
zones is carried out on the basis of integration of
maps of different stratifiers such as altitude, slope,
soil type, exposure, substrate, and vegetation phys-
iognomy, in the Geographic Information System
(G.LS). Regarding topographic stratifiers, we have
developed a digital field model (M.N.T) from a
radar image by the software Mapinfo then extracted
the cards altitudes, slopes, and exhibitions. For
other stratifiers, we used the lithologice map
(B.N.E.D.E.R, 1992), the geological units map of
the study area (S.A.T.E.C, 1976) and the map of
plant formations (B.N.E.D.E.A, 1992).

The cross of data was done by the following
function:

1
i

N: number of parameters used in model = 6; A:
pixel information in parameter a (substrates); B:
pixel information of parameter b (type of soil); C:
the pixel information of the parameter ¢ (physion-
omy); D: the pixel information of the parameter D
(altitude); E: pixel information for the parameter E
(slope); F: the pixel information of the parameter F
(exposure).

323 phytoecological surveys spread over the 7
zones covering our entire study area were carried
out on ace surfs that were remarkably homoge-
neous. The minimum area retained is 100 m? con-
taining almost all of the species present
(Braun-Blanquet, 1932).

The botanical identification of taxa was made at
Laboratory of Ecology and Management of the Nat-
ural Ecosystems, Aboubakr Belkaid University
(Tlemcen) using the works of Quézel & Santa
(1962-1963) to determine the regional range (bio-

geographic distribution) and Dobignard & Chate-
lain (2010-2013) to update the flora.

The Factor Analysis of Correspondences
(F.A.C) allows us to search for the affinities that
exist between species and/or surveys (taxa data,
coded in the presence-absence) in order to deter-
mine ecological factors that influence the distribu-
tion of these 18 taxa at prospected stations. The
hierarchical ascending classification (H.A.C) is
used to determine plant groups. The analyses were
performed using XLSTAT software.

RESULTS

Following the overlay of the various maps and
field surveys, we have cleared seven ecological
zones (Table 1).

The floristic inventory of the study area allowed
us to list 344 taxa divided into 77 families and 223
genera of which we discovered 18 taxa not already
observed in the biogeographic subsector O3 (Table
2, 3).

The distribution of the 18 taxa at the seven sta-
tions in the study area is heterogeneous according
to environmental variables (including rugged ter-
rain and a mixture of various plant species) (Fig.
2).

The abundance of these taxa is divided as fol-
lows: Atractylis humilis subsp. caespitosa has the
largest abundance (339 specimens), Quercus
faginea (113 specimens), Artemisia herba alba (93
specimens), Carduncellus pinnatus (73 specimens),
Centaurea acaulis subsp. boissieri (61 specimens),
Clematis cirrhosa (51 specimens), Thymelaea
virescens (46 specimens), Retama retam (47 speci-
mens), Anacyclus valentinus (32 specimens), Crith-
mum maritimum (30 specimens), Echium confusum
(19 specimens), Helianthemum pomeridianum and
Salvia argentea subsp. patula (14 specimens),
Ailanthus altissima (11 specimens), Scrofularia hy-
pericifolia (7 specimens), Iris unguicularis (6 spec-
imens) and Fraxinus augostifolia and Laurus
nobilis (4 specimens) (Fig. 3).

The dendrogram of hierarchical ascendant clas-
sification (HAC), applied to these taxa, shows that
the 18 taxa are divided into three main groups (Fig.
4).

The group “A” is made up of Artemisia herba
alba, Atractylis humilis subsp. caespitosa, Centau-
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rea acaulis subsp. boissieri, Helianthemum
pomeridianum, Retama retam, Scrofularia hyperi-
cifolia, Thymelaea virescens.

The group “B” is made up of Clematis cirrhosa,
Crithmum maritimum, Iris unguicularis, Anacyclus
valentinus and Salvia argentea subsp. patula.

The group “C” is made up of Ailanthus al-
tissima, Carduncellus pinnatus, Echium confusum,
Fraxinus augostifolia, Laurus nobilis and Quercus
faginea.

The study of the distribution of species and
points surveyed points (FAC) (Fig. 5) shows that
axis 1, which expresses 33.51% of the total vari-
ance, opposes on both sides of the origin the con-
tributing species linked to plant formations located
in low altitudes (T13, T14 and T15) to those high-
altitude plant formations. This axis seems to reflect
an ecological gradient linked to altitude. This gra-
dient would be associated with the amount of pre-
cipitation and temperature.

Axis 2, which accounts for 18.65% of vari-
ance, also contrasts species of plant formations
located in a northern geographical position with
those in a southern geographical position (T15).
This axis seems to express an ecological gradient
linked to the physionomic type of plant forma-
tions, from clear herbaceous and champhyte for-
mations to degraded woody formations (R39).
This gradient would be associated with the impact
of anthropogenic pressure on natural forest for-
mations, overgrazing, clearing and especially re-
peated fires.

DISCUSSION

It is clear from this work that the area of Doui
Thebet is characterized by a remarkable floristic
diversity. The specific richness is 344 plant species
equal to 9.18% of Algeria’s flora (3744 taxa) (Do-

Ecological conditions
Zone
" Elevation aie Slope s
Biotope (m) Position (%) Soil
red brown,
1 | Scrub: Pinus halepensis Miller 9001208 | Destbwestio: | 4 . sanded-
Northeast .
textured soils
A Northwest to light-textured
2 Riverine >80-600 Northeast 0-3 red brown soils
3 | Scrub: Tetraclinis articulata (Vahl) Masters | 720-897 South 8-11 LICSione
brown soil
4, | Serub: Qleareuropaes keiand 900-1150 |  Northeast >12 Lithosol
Pistacia lentiscus L.
Scrub: Tetraclinis articulata (Vahl) red-brown
5 ) . 900-1000 South 3-10 soils with
Masters and Juniperus oxycedrus L. i
humiferous
red brown,
6 | Serub: Cistus L. 800950 | Norhwestfo |, sanded-
Northeast .
textured soils
Scrub: Rosmarinus officinalis L. and red brown,
7 ’ ’ 850-989 Flat 0-5 sanded-
Lavandula stoechas L. .
textured soils

Table 1. Characterization of stations sampled in the study area.
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Family Numbecr of spccics Family Number of specics
Aizoaccac 1 Linaccac 2
Alliaceae 1 Lythraceae 1
Anacardiaceae 4 Malvaceae 3
Araceae 1 Moraceae 1
Arecaceae 1 Myritaceae 1
Araliaceae 1 Neuradaceae 1
Asteraceae 60 Oleaceae 5
Asparagaccac 3 Orchidaccac 4
Asphodelaceae 1 Orobanchaceae 2
Aspleniaceae Oxalidaceae 1
Apiaceae 16 Papaveraceae 3
Apocynaccac Pinaccac 1
Boraginaceae 4 Plantaginaceae 4
Brassicaceae 20 Poaceae 13
Capparaceae 1 Polygalaceae 1
Caprifoliaceae 1 Polygonaceae 3
Caryophyllaceae 5 Primulaceae 3
Cistaceae 10 Pteridaceae 2
Colchicaceae 1 Rafflesiaceae 1
Convolvulaceae 3 Ranunculaceae 9
Cupressaceae 3 Resedaceae 2
Cucurbitaceae 1 Rhamnaceae 2
Crassulaccac 7 Rosaccac 4
Dipsacaceae 2 Rubiaceae 5
Ericaceae 2 Ruscaceae 1
Euphorbiaceae 2 Rutaceae 2
Fabaccac 42 Salicaccac 2
Fagaceae Santalaceae 1
Frankeniaceae 1 Scrophulariaceae 3
Genlianaceae 2 Sinopleridaceae 1
Geraniaceae 4 Simaroubaceae 1
Globulariaceae 1 Smilacaceae 1
Hyacinthaceae 4 Solanaceae 2
Illccebraccac 1 Tamariaccac 1
Iridaceae 5 Thymelaeceae 3
Juncaccac 1 Urticaccac 2
Lauraceae 1 Valerianaceae 1
Lamiaceae 27 Zygophyllaceae 1
Liliaceae 2 / /

Table 2. Number of species by family.
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Y Taxa (Quéses & Santn 1962.1963) Station
1 Ailanthus altissima (Mill.) Swingle Invasive 3

2 Artemisia herba-alba Asso CCC: HI1-2, SS1-2 1,3,6,7
3 Atractylis humilis subsp. caespitosa (Dest.) Maire CC: H1-2, AS1-2 1,3,6,7
4 Carduncellus pinnatus (Dest.) DC R: KI: Djurdjura, A2: 01-3, H1-2 6

5 Centaurea acaulis subsp. boissieri Maire Cl 1,3,6,7
6 Clematis cirrhosa L. C: Coastal area, R: Elsewhere 2,4,6
7 Crithmum maritimum L. CC 2,4,6
8 Echium confusum Coincy CC: Coastal area 2,6

9 | Fraxinus angustifolia Vahl Invasive 1

10 | Helianthemum pomeridianum Dunal %Czcc(gis’ tglosggarisa:li:sgsrtirrl’ 1,3,6
Y Laurus nobilis L. AC: Tell Constantinois and Algerians 1

2| Qurcs o L. A e st el
13 | Retama raetam (Forssk.) Webb. & Berthel C: Hd. AS1-2, H1-2. SS1-2, SO 1,3,6,7
14 | Scrophularia hypericifolia Sprengel CC: SS1-2, Hd 1,3,6,7
15 Thymelaea virescens Meisn. Arid region 1,3,5,7
16 | Iris unguicularis Poir. CC: Tell Constantinois and Algerians 4et6
17 | Anacyclus valentinus L. AC: H1, AS1, SS1-2. 1,2,4,6
18 | Salvia argentea subsp. patula = Salvia patula L. C: H1-2 4,6

Table 3. New species for the flora of the Tell Atlas (Oran) sub-sector (O3).




Regional phytogeographic analysis of the flora of the Mounts of Saida (western Algeria): evaluation-restoration report 31

bignard & Chatelain, 2010-2013). These species
belong to 223 genera and 77 families; of these, 8
families clearly dominate the flora of the area of
Doui Thabet. These families, recognized by their
acclimatization to the aridity of the climate of the
area, are: Asteraceae (60 species equal to 17.44%),
Fabaceae (42 species equal to 12.20 %), Lami-
aceae (27 species equal to 7.84 %), Brassicaceae
(20 species equal to 81 %), Apiaceae (16 species
equal to 4.65 %), Poaceae (13 species equal to
3.77 %), Cistaceae (10 species equal to 2.90%)
and Ranunculaceae (9 species equal to 61%). They
alone total 197 species, or 57.26% of the total; the
other 69 families contribute to the 42.74% of the
total.

This result is different from that obtained by
Djebbouri & Terras (2019) in a work on floristic
diversity with particular reference to endemic, rare,
or endangered flora in forest formations of Saida

(Algeria). They did not find 16 families and 27
non-common families or 35 species: Alliaceae (1
taxon), Araceae (1 taxon), Araliaceae (1 taxa), As-
phodelaceae (1 taxon), Capparaceae (1 taxon),
Colchicaceae (1 taxon), Dipsacaceae (2 taxa),
Frankeniaceae (1 taxon), Gentianaceae (2 taxa),
Globulariaceae (1 taxon), Hyacinthaceae (4 taxa),
Illecebraceae (1 taxon), Juncaceae (1 taxon), Lau-
raceae (1 taxon), Lythraceae (1 taxon), Neu-
radaceae (1 taxon), Rafflesiaceae (1 taxon),
Rhamnaceae (2 taxa), Ruscaceae (1 taxon), Sali-
caceae (2 taxa), Santalaceae (1 taxon), Sinopteri-
daceae (1 taxon), Simaroubaceae (1 taxon),
Solanaceae (2 taxa), Tamariaceae (1 taxon), Vale-
rianaceae (1 taxon) et Zygophyllaceae (1 taxon).

This difference in results can be explained by:
research limited, the duration of the surveys, the
sampling techniques used.

The hierarchical classification shows that there
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Figure 2. Number of species recorded in each area.
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are three groups divided as follows: the first con-
cerns xerophilic species from the arid and hyperarid
regions of the sectors and subsectors (H, SO, SS1-
2, AS1-2-3 and SC), the second areas of well-wa-
tered areas and the coastline of two sub-sectors (O1:
Coastal Sahel subsector and O2: Coastal Plains
Subsector), the third relates to invasive species dis-
turbance of the environment (see Quézel & Santa,
1962—-1963) and the eastern region which is char-
acterized by a humid and subhumid climate thanks
to the high altitudes of Tell Atlas.

The appearance of Thymelaea virescens,
Artemisia herba-alba, Atractylis humilis subsp.
caespitos, Retama retam, Carduncellus pinnatus,
Scrofularia hypericifolia, Salvia argentea subsp.
patula and Anacyclus valentinus at the level of our
study area is justified by the refuge of these species
of origin from the area sigh plateaus (H), Saharan
Atlas (AS), Sahara Central (SC), Hodna Subsector
(Hd), Western Subsector of The Northern Sahara
(SS1), Eastern Subsector of the Northern Sahara
(SS2) and Western Sahara Sector (SO), which is
characterized by an arid and hyperarid climate to
the north (our semi-arid climate study area) as a
mechanism for adapting to climate change. A simi-
lar result was observed by Babali et al. (2014) in
the Moutas-Tlemcen Game Reserve which shows
the refuge of 9 exogenous plant species from the
(O3) to the north : Anacyclus valentinus : (H1, AS1,
SS. A: SC), Centaurea acaulis subsp. balansae (R
and R.) M: (Constantinois), Atractylis humilis
subsp. caespitosa (Destf.) M. (H, AS), Diplotaxis
harra: (H1-2, AS1-2-3, SS: Up to mouydir), Ophrys
subfusca: (K3, Cl1, K1, Al-2, O: Mostaganem),
Pituranthos scoparius: (H1-2, AS1-2-3, SS, SC,
SO), Ranunculus gramineus: (H1-2. AS1-2-3),
Salvia argentea subsp. patula: (H1-2: Mountains),
Thymelaea argentata = T. nitida Desf.: (H1-2) to
the North.

These results are consistent with these of Maire
(1952), Singh & Wheaton (1991), Brooks et al.
(1998), Hebda (1998), Thompson et al., (1998),
Hansen & Dale (2001), Li et al. (2000),
Kirschbaum (2000), Malcolm et al. (2002), Chuine
et al. (2004), Callaghan et al. (2005), Gray (2005),
Juday et al. (2005), Usher et al. (2005), Hamman &
Wang (2006), Mckenney et al. (2007) and Aitken et
al. (2008).

The presence of all these species in our study
area is explained by the existence of local microcli-

mates at high altitudes (1203 meters) and on the
northern slopes of the mountains which receives a
significant amount of moisture from the Mediter-
ranean Sea.

Regarding the two invasive species, their pres-
ence indicates two things: 1) this area is in a state
of disturbance due to human actions and especially
the repeated fires at Station 1 (El Ache) and 3 (Oum
Touadjine) during the period of 1992-2015, this re-
sult is consistent with the mention of Quézel &
Santa (1962-1963): “Ailanthus altissima (Mill.) de-
velops in disturbed areas”; 2) climate change is ex-
pected to affect the introduction of exotic species
(Usher et al., 2005).

Regarding Quercus faginea, 113 natural relics
were found; the average height of these specimens
varied between 15—-18 meters. Usually, they are
found in high cliffs and, in some cases, also in the
wadis. A study on the ancient flora is necessary be-
cause Quézel & Santa (1962—-1963) did not mention
the presence of this species and Laurus nobilis in
this area.

CONCLUSIONS

Due to its geographical location, the vascular
flora of the Thabet area is rich and diverse with 344
taxa, which reinforces the interest for the protection
and conservation of this floristic diversity.

This work highlights the change in the distribu-
tion of flora at the regional level by the appearance
and emergence of new plant species (8 species) in
this subsector O3 observed in the phytogeographic
areas of the climate arid and hyperarid and by the
introduction of two exotic species indicator of
ecosystem disturbance. The other species are the
result of microclimates linked to the elevation, to
streams presence and the northern position of the
mountains that receive a significant amount of
moisture Mediterranean Sea.
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