Environ Earth Sci (2017) 76:127
DOI 10.1007/s12665-017-6443-x

CrossMark

@

ORIGINAL ARTICLE

A literature review of Algerian salt lakes: values, threats

and implications

Fatma Demnati’
Lisa Ernoul®

- Boujéma Samraoui>” - Farid Allache' + Alain Sandoz® -

Received: 11 March 2016/ Accepted: 24 January 2017 /Published online: 4 February 2017

© Springer-Verlag Berlin Heidelberg 2017

Abstract Chotts are salt lakes located in the arid regions
of Northern Africa. These unique wetlands are recognized
for their role in the migration and breeding of waterbirds
and economic values generated from mineral extraction,
agriculture and tourist activities. Despite their importance
for flora and fauna biodiversity, they continue to face
important threats due to human activities. This article
consolidates a literature review of Algerian chotts from
global to local importance. An in-depth view demonstrates
the changes in land use of two large chotts in the south-
eastern region of Algeria: Chotts Merouane and Melghir.
Land use images highlight a net expansion of agricultural
lands, a decrease in grazing area around the lakes and a
decrease of salt lake surface area. The local focus high-
lights the threats and changes of Algerian and Northern
African chotts and proposes some perspectives for the
future.
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Introduction

Salt lakes are interior aquatic ecosystems (Donaire 2000)
that can be found in all continental areas of Asia, South
America, North America, Australia, Europe and Africa.
They are isolated from the sea, or were once connected to
the sea, but have dried out before being re-flooded by non-
marine sources (Williams 2002). Many salt lakes are
endorheic drainage basins of tectonic origin, yet some may
have periodic outflows during moments of high water
levels provoked by intermittent rainfall (Britton and Criv-
elli 1993). Rivers and deep aquifers serve as natural dis-
charges for salt lakes (Bryant and Rainey 2002). These
unique ecosystems are principally limited to arid (average
yearly precipitation between 25 and 200 mm) and semiarid
regions (yearly precipitation between 200 and 500 mm)
(Williams 1998), yet they occupy approximately 30% of
the land surface of the world (Gratzfeld 2004).

Salt lakes (chotts) are abundant and limited to the dry
region of the world, where evaporation is high and pre-
cipitation rare; they are found inland and do not have
existing connection with the marine environment. Salt
lakes can be either permanent or temporary water bodies
with salinities up to 3 g/l (Williams 2001). Similar ions are
encountered in salt lakes and in the seas (Kbir-Ariguib
et al. 2001); salt concentrations are 10-20 times more
important in chotts, ranging from 250 to 330 g/l in Tuni-
sian salt lakes. The water salinity of Chott Merouane was
estimated between 230 and 360 g/l (Amarouayache et al.
2009).

Salt lakes are classified as wetlands (Dugan 1990;
Britton and Crivelli 1993; Tiner 2003), and as such, they
fall under the protection of the Ramsar International Treaty
for Wetlands since 1971 (Ramsar 2006). This treaty has
played an important role in raising public awareness of the
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ecological value of wetlands around the world. Today over
2200 wetlands have been named Ramsar sites, giving them
special international wetland protection status (Ramsar
2016). In a study by Jellison et al. (2008), they found that
only 10% of the internationally protected wetlands are salt
lakes. Different local terms have been given to characterize
saline wetlands (Rosen 1994). In Northern Africa and more
specifically in Algeria, salt lakes are considered chotts and
sebkhas. The terms chotts and sebkhas refer to closed
depressions, which are the equivalent of salt lakes (Stone
1967; Coque et al. 1972; Aubert 1976). In 2002, Dubost
(2002) described chotts as a salty area surrounding the
sebkha (wet areas at the bottom of the depressions). Seb-
khas are considered to be closed depressions which are
periodically flooded and accumulate salts.

The objective of this article is to highlight the impor-
tance and threats to Algerian salt lakes (locally known as
chotts, hence used thereafter in this article) through a
review of literature from local reports and international
scientific literature. We first describe the values and eco-
logical services of chotts in Northern Africa in general; we
then focus on the global situation, values and threats of
Algerian chotts. An in-depth review of two of the largest
Algerian chotts (Chotts Merouane and Melghir) is used to
highlight the local situation, values and threats. The pur-
pose of this literature review is to increase the under-
standing of the values and threats of Algerian chotts
specifically and chotts in general while acknowledging a
lack of existing scientific information concerning Algerian
chotts. This article should help raise interest in North
African chotts generally and more specifically Algeria
chotts to encourage future in-depth studies and knowledge
of these specific wetland ecosystems for improved
conservation.

Ecosystem services of North African chotts

The largest known wetlands (>100,000 ha) in the
Mediterranean basin are mainly deltas and chotts of North
Africa (Perennou et al. 2012). Chotts form a belt in
Northern Africa, passing through the arid zones of Tunisia
and Algeria (Bryant and Rainey 2002). These basins are
discharges for the Bas Saharan Basin, a large aquifer sys-
tem that underlies most of the Algerian and Tunisian
Sahara and extends to Morocco and Libya (Faysse et al.
2011). The surface area and the importance of the ground
water in this aquifer system indicate that the management
of chotts could potentially have a widespread impact
passing beyond the areas directly surrounding the salt
lakes. From a biodiversity point of view, the chott belt
creates connectivity providing critical stopovers for win-
tering and migrating waterbirds (Samraoui and Samraoui
2008; Boucheker et al. 2011).
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Chotts have considerable economic and noneconomic
values at the local and national level (Schuyt 2005; Dem-
nati et al. 2012; Mahafzah 2015) and have attracted interest
from many scientific disciplines (Mahowald et al. 2003;
Jellison 2005). They are especially recognized for their role
in the migration and breeding of waterbirds (Samraoui
et al. 2006b, 2011). Mineral extraction contributes to the
economic value of chotts; sodium chloride (for human and
animal consumption), sodium carbonate (for detergent),
magnesium and potassium are the most common minerals
mined (Taib 2012; Hamed et al. 2014a). Chotts host a full
array of nitrogen-fixing cyanobacteria which act as primary
producers in these hyposaline ecosystems (Thajuddin et al.
2002). The cyanobacterium Spirulina have been used as a
food supplement for fish and humans (Lu and Takeuchi
2004), and as a supplement in the pharmaceutical industry
(Belay 2002). Chotts are also home to a large spectrum of
large branchiopods (Samraoui et al. 2006a), which play a
key role in the functioning of food chains in chotts (Roberts
2013). There is a burgeoning industry built around the
crustacean Artemia salina (L.) which is widely used as feed
in aquaculture (Ozusaglam et al. 2013). These hydro-sys-
tems also support important socioeconomic activities such
as livestock grazing, hunting, agriculture (Demnati et al.
2012) and tourism.

Algerian Chotts
Values and services of Algerian Chotts

Algeria contains a large number of chotts, with the majority
extending across the northern and eastern regions of the
country (Mahowald et al. 2003; Samraoui et al. 2006b)
(Fig. 1). With the exception of Chott Djerid in Tunisia,
Algeriahouses the largest chotts in Northern Africa. Size and
depth are highly variable, and they range in size from 76 to
850,000 ha (DGF 2004). The depth can range from 20 cm to
4 m. It is important to note that there are high seasonal and
annual fluctuations of both depth and surface area (Demnati
2013), making long-term monitoring extremely important.
The Algerian chotts are home to threatened, rare and even
endangered plant and animal species. In addition, they are
breeding, resting and wintering areas for migratory birds.
These ecosystems are highly vulnerable due to sparse and
sporadic precipitation. The variability and lack of attention
given to Algerian chotts (Blanchard and Richard 1890;
Samraoui et al. 2006b; Samraoui and Samraoui 2008) limits
the availability of detailed and precise information for
individual chotts. This lack of information may lead to
inappropriate management decisions including overgrazing
and the validation of new development projects (Khaznadar
et al. 2009).
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Fig. 1 Geographical location of salts lakes (chotts, sebkhas) of Algeria

Despite extreme temperatures and high salinity con-
centrations, chotts represent a favorable environment for
the development of arthropods. Algerian chotts contain the
richest and most diverse crustacean population in Northern
Africa with 121 identified species (Mouelhi et al. 2000;
Samraoui 2002; Samraoui et al. 2006a; Ghomari et al.
2012). The salinity of the chotts is an important factor
controlling crustacean species dynamics (Williams 1998),
and Algerian chotts are hosts to a range of species of large
branchiopods (Table 1) adapted to various salinity levels
(Amarouayache et al. 2009). These biotopes are host to a
large number of prokaryotic flora and bacteria phylotypes
(Boutaiba et al. 2011). The significant crustacean,
prokaryotic and bacteria populations make chotts an
important wintering ground for large numbers of flamingos
(Johnson and Cézilly 2007) and other waterbird species
(Boulekhssaim et al. 2013). Ornithological inventories
demonstrate the diversity and quantity of waterbirds fre-
quenting chotts for breeding or wintering (Table 2) (Sam-
raoui and Samraoui 2008; Samraoui et al. 2011). Chotts are

\
Legend

1. Salines d’Arzew, 2.Sebkha d’Oran 3.Lac de
Télamine , 4. Garaet Ank Djmel, 5. Garaet Guel-
lif, 6. Garaet Ezzeemoul, 7. Garaet Merhsel, 8.
Garaet Tarf, 9. Chott Tinsilt, 10. Chott Boumia,
11. Chott El Beidha Hammam Essoukhna, 12.
Chott El Frain, 13. Sebkha Bazer Sakra, 14.
Sebkha El Hamiet, 15. Chott El Hodna, 16. Chott
Zehrez Chergui, 17. Chott Zehrez Gherbi, 18.
Sebkha Sebkha Sidi Bouziane, 19. Chott Cher-
gui, 20. Sebkha Boughzoul, 21. Chott Melghir,
22. Chott Beldjelloud, 23. Chott Merouane , 24.
Chott Tindla, 25. Chott Sidi Amrane
(Tighdidine), 26. Sebkha Sefioune, 27. Chott

.| Oum Raneb, 28. Chott Ain El Beida, 29. Sebkha
El Maleh (Lac El Goléa).

not only important habitats for waterbird populations in
Algeria, but also play an essential role for bird population
dynamics in the Mediterranean basin (Samraoui et al.
2006b; Boucheker et al. 2011) and are important stopovers
for migrating birds from Africa and Europe (Samraoui
et al. 2011).

Ecological status of Algerian chotts

Algeria signed the Ramsar Convention and the conserva-
tion and management for wetlands officially began in 1997
under the Direction Générale des Foréts. The classification
of Ramsar sites began in 2001, and today there are 50
official Ramsar sites covering a surface area of
2,991,013 ha. Chotts account for less than half of the
Ramsar sites in Algeria (19 out of the 50 sites), yet they
make up almost 70% of the Algerian Ramsar protected
areas (2,055,522 ha) (Demnati 2013). There is a mix of
local terminology for naming salt lakes including chott,
sebkha, garaet, salines and lakes (Fig. 1). The site names
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Table 1 Main plant and animal species found in the Algerian chotts
(Dubuis and Simonneau 1957; Ozenda 1958; Bouabdallah 1990;
Samraoui 2002; Samraoui et al. 2006a; DGF 2004; Larafa 2004; De
Smet et al. 2007; Berzins and Belbachir 2007; Samraoui and Sam-
raoui 2008; Abaigar et al. 2009; Khaznadar et al. 2009)

Fauna

Species Class

Psammomys obesus (Cretzschmar 1828) Mammalia
Fennecus zerda (Zimmermann 1780)

Gerbillus sp.

Jaculus jaculus (Linnaeus 1758)

Paraechinus aethiopicus (Ehrenberg 1833)
Pipisterellus sp.

Meriones sp.

Sus scrofa (Linnaeus 1758)

Caracal caracal (Schreber 1776)

(**) Canis aureus (Linnaeus 1758)

Lepus capensis (Linnaeus 1758)

(**) Hyaena hyaena (Linnaeus 1758)

Vulpes rueppellii (Schinz 1825)

(**) Vulpes vulpes (Say 1823)

Ctenodactylus vali (Thomas 1902)

Hystrix cristata (Linnaeus 1758)

Felis silvestris libyca (Forster 1770)

Acinonyx jubatus (Schreber 1775)

Panthera pardus (Linnaeus 1758)

(**) Paraechinus aethiopicus (Ehrenberg 1832)
Gazella dorcas (Linnaeus 1758)

(**) G. cuvieri (Ogilby 1841)

G. leptoceros (F. Cuvier 1842)

Ammotragus lervia (Pallas 1777)

Actitis hypoleucos (Linnaeus 1758) Aves

Anas acuta (Linnaeus 1758)

Table 1 continued

Fauna

Species

Calidris alpine (Linnaeus 1758)
Calidris ferruginea (Pontoppidan 1763)
Calidris minuta (Leisler 1812)
Charadrius alexandrinus (Linnaeus 1758)
Charadrius dubius (Scopoli 1786)
Charadrius hiaticula (Linnaeus 1758)
Charadrius morinellus (Linnaeus 1758)
Chlidonias hybridus (Pallas 1811)
Chlidonias niger (Linnaeus 1758)

(**) Ciconia ciconia (Linnaeus 1758)
(**) Circus aeruginosus (Pallas 1811)
(1) Chlamydotis undulata (Jacquin 1784)
Cursorius cursor (Latham 1787)

(**) Egretta garzetta (Linnaeus 1766)
(**) Falco Tinnuculus (Linnaeus 1758)
Fulica atra (Linnaeus 1758)

Fulica cristata (Gmelin 1789)
Gallinago gallinago (Linnaeus 1758)
Gallinula chloropus (Linnaeus 1758)
Gelochelidon nilotica (Gmelin 1789)
Glareola pratincola (Linnaeus 1766)
(**) Grus grus (Linnaeus 1758)

(**) Himantopus himantopus (Linnaeus 1758)

Ixobrychus minutus (Linnaeus 1766)
Larus genei (Bréeme 1839)

Larus michahellis (Naumann 1840)
Larus ridibundus(Linnaeus 1758)
Limosa limosa (Linnaeus 1758)

(1) Larus audouinii (Payraudeau 1826)

Anas clypeata (Linnaeus 1758) (1) Marmaronetta angustirostris (Ménétries 1832)
(1) Neophron percnopterus (Linnaeus 1758) (EN)
(1) Numenius tenuirostris (Vieillot 1817) (VU)
Nycticorax nycticorax (Linnaeus 1758)

(1) Oxyura leucocephala (Scopoli 1769) (EN)

Anas angustirostris (Reichenbach 1853)
Anas crecca (Linnaeus 1758)
Anas ferina (Linnaeus 1758)

Anas penelope (Linnaeus 1758)

Anas platyrhynchos (Linnaeus 1758)
Anas querquedula (Linnaeus 1758)
Anas rufina (Pallas 1773)

Anas strepera (Linnaeus 1758)

(**) Anser anser (Linnaeus 1758)
Ardea alba (Linnaeus 1758)

(**) Ardea cinerea (Linnaeus 1758)
Ardea ibis (Linnaeus 1758)
Ardeola ralloides (Scopoli 1769)
Aythya ferina (Linnaeus 1758)
Aythya nyroca (Giildenstiadt 1770)
Aythya fuligula (Linnaeus 1758)

Burhinus oedicnemus (Linnaeus 1758)

@ Springer

Pandion haliaetus (Linnaeus 1758)
Phalacrocorax carbo (Linnaeus 1758)
Philomachus pugnax (Linnaeus 1758)
(**) Phoenicopterus roseus (Pallas 1811)
(**) Platalea leucorodia Linnaeus 1758)
Plegadis falcinellus (Linnaeus 1766)
Plegadis falcinellus (Linnaeus 1766)
Pluvialis apricaria (Linnaeus 1758)
Pluvialis squatarola (Linnaeus 1758)
Podiceps cristatus (Linnaeus 1758)
Podiceps nigricollis (Brehm 1831)

Rallus aquaticus (Linnaeus 1758)

(**) Recurvirostra avosetta (Linnaeus 1758)
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Table 1 continued

Table 1 continued

Fauna Flora
Species Class Species Family
Sterna nilotica (Gmelin 1789) Scirpus maritimus (L.) Cyperaceae
Tachybaptus ruficollis (Pallas 1764) Phragmites communis (Trinius) Poaceae
(**) Tadorna ferruginea (Pallas 1764) Juncus subulatus (Forskal) Juncaceae
(**) Tadorna tadorna (Linnaeus, 1758) Malcolmia arenaria (Desf.) Brassicaceae
Tringa erythropus (Pallas 1764) (*) Astragalus armatus (Coss. and Durieu) Fabaceae
Tringa nebularia (Gunnerus 1767) (*) Melilotus indica (Allioni)
Tringa ochropus(Linnaeus 1758) (*) Frankenia thymifolia (Desf.) Frankeniaceae
Tringa stagnalis (Bechstein 1803) (*) Helianthemum helianthemoides (Desf.) Cistaceae
Tringa tetanus (Linnaeus 1758) (*) Herniaria mauritanica (Murb.) Caryophyllaceae
(**) Upupa epops (Linnaeus 1758) (*) Hieracium amplexicaule (L.) Asteraceae
Vanellus vanellus (Linnacus 1758) The species preceded by symbol means: (*) endemic species, (**)
Trapelus mutabilis (Merrem 1820) Reptilia protected species, (1) vulnerable species, (f) endangered specie,s, ()
Cerastes cerastes (Linnaeus 1758) near threatened
(*¥*) Chameleo vulgaris (Laurenti 1768)
Stenodactylus petrii (Anderson 1896) do not always respect the mentioned definitions established
(**) Uromastix acanthinurus (Bell 1823) by Briere (2000), with sebkha and chott being used inter-
(**) Varanus griseus (Daudin 1803) changeably. Joly (2006) considered the Mexican playas
(%) Testudo graeca (Linnaeus 1758) equivalent to chotts in North Africa. Many chotts in
Scincus scincus (Linnaeus 1758) Algeria also hold the conservation status of important bird
Acanthodactylus longipes (Boulenger 1918) areas (IBA) in the Birdlife International program (Table 2).
Acanthodactylus boskianus (Daudin 1802) Despite the important surface area with conservation status,
Artemia sp. Branchiopoda  Jegs than 45% of Algerian chotts are protected for biodi-
Artemia tunisiana (Bowen and Sterling 1978) versity conservation objectives (Koopmanschap et al.
Branchinella spinosa (H. Milne-Edwards 1840) 2011).
Branchinectella media (Schmankewitsch 1873) The highly fluctuating water levels and soil salinity are a
Streptocephalus torvicornis bucheti (Daday 1910) constraint to the development of plant species. Neverthe-
Triops cancriformis simplex (Ghigi 1921) less, the soil structure only permits the development and
Cyzicus tetracerus (Krynicki 1830) reproduction of native halophytic plants (Khaznadar et al.
Flora 2009). The most common species are represented by the
- - family of Amaranthaceae, Zygophyllaceae and Tamari-
Species Family caceae. These include Atriplex halimus (L.), Suaeda mollis
Salicornia fruticosa (L.) Chenopodiaceae (Desft.), S. fructicosa (L.), Salsola vermiculata (L.),
Suaeda fruticosa (Forsskal) Arthrocnemum macrostachyum (Moric.), Halocnemum
Suaeda mollis (Delile) strobilaceum (Palla.), Tetraena alba (L.F.). This vegetation
Atriplex halimus (L.) is an important food source for sheep grazing in Chott
Salsola vermiculata (L.) Zehrez Chergui (Fig. 1, number 16) and Chott Hodna
Salsola foetida (Delile) (Fig. 1, number 15) (Larafa 2004; Ghezlaoui et al. 2011).
Salsola sibiri (Presl) Perennial halophytic plant species such as S. fructicosa are
Salsola. Fructicosa (L.) the only permanent and available pasture during camel
Truganum nudatum (Delile) breeding season (Chehma et al. 2010) and present a grazing
Halocnemum strobilaceum (Pallas) Bieb. area for dromedary, sheep and goats (Chaieb and Zaafouri
Arthrocnemum macrostachyum (L.) 2000). Other species of ecological interest include Mal-
Limoniastrum guyonianum (Boissier) Plumbaginaceae COImi_a arena?’ia (Dest.), a rare and .endemic species found
Zygophyllum album (L) Zygophyllaceae only in Algeria and Morocco (Dak.kl et al. 2004) (Table 1).
Peganum harmala (L) Halqphyte Cf)mmumtle'&s are.also 1mp0rtant 2'15 they play a
Tamarix africana (L) Tamaricaceae crucial role in combating wind erosion (Halis et al. 2012)

Tamarix gallica (L.)

and desertification. There are concerns that these halophyte
communities may be under excessive pressures due to

@ Springer
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Table 2 List of Algerian salt lakes with information concerning the status of protection, surface area and bird status

N Name of lake Status of lake Other status Surface area (ha) Wintering Breeding
Salines d’Arzew Ramsar site, 2004 - 5778 +
Sebkha d’Oran Ramsar site, 2001 IBA 56,870 +
Lac Télamine Ramsar site, 2004 — 2399 + +
4/7 G. Ank Djmel and G. Merhsel Ramsar site, 2004 - 18,140 + +
5 G. Guelif Ramsar site, 2004 - 24,000 + +
6 G. Ezzemoul Ramsar site, 2009 IBA 6000 + +
8 Garaet Tarf Ramsar site, 2004 IBA 33,460 + +
9 C. Tinsilt Ramsar site, 2004 IBA 3600 + +
10 Chott Boumia (Djendli) Proposed Ramsar site IBA 3700 +
11 C. El Beidha Hammam Essoukhna Ramsar site 2004 - 12,223 +
12 C. El Frain - - 1500 +
13 Sebkha Bazer Saker Ramsar site, 2004 IBA 4379 + +
14 S. El Hamiet Ramsar site, 2004 - 2509 +
15 C. El Hodna Ramsar site, 2001 - 12,223 + +
16 C. Zehrez Chergui Ramsar site, 2003 - 50,985 +
17 C. Zehrez Gherbi Ramsar site, 2003 - 52,200 +
18 Sebkha Sidi Bouziane - - 15,675
19 C. Chergui Ramsar site, 2001 — 855,500 + +
20 S. Boughzoul - - + +
21 C. Melghir Ramsar site, 2003 - 551,500 +
22 C. Beldjelloud - - - - -
23 C. Merouane Ramsar site, 2001 IBA 337,700 + +
24 C. Tindla - - 600 +
25 C. Sidi Amrane (C. Tighdidine) - - 200 +
26 Sebkha Safioune - - 8000 + +
27 Sebkha Oum Raneb Ramsar site, 2004 - 7155 +
28 Chott Ain El Beida Ramsar site 2004 - 6853 + +
29 Sebkha El Melah (Lac d’El Goléa) Ramsar site, 2004 - 18,947 + +

Data for bird status are taken from Samraoui and Samraoui (2008)

G., S. and C. stand for Garaet, Sebkha/Sebkhet and Chott, respectively

overgrazing (Halis et al. 2012; Nedjimi et al. 2012) and
climate change. Concerning the fauna richness, little work
has been done in this area; the most observed species are
listed in Table 1.

Anthropogenic and non-anthropogenic pressures
to Algerian Chotts

Despite their exceptional biodiversity, chotts are poorly
protected by conservation measures (Bouldjedri et al. 2011;
Nedjimi et al. 2012). Like many other salt lakes around the
world, Algerian chotts are threatened and affected by
human activities (Béchet and Samraoui 2010). The private
nature of surrounding land holdings in addition to the lack
of knowledge and awareness about their importance by the
local population increases the threats (Nedjimi et al. 2012).
The basic threats for chotts in Algeria are the diversion of
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surface water flows, mineral extraction, land conversion
and pollution (Ghalibaf and Moussavi 2014; Hamed et al.
2014b). Agricultural irrigation and water runoff are par-
tially responsible for the contamination of groundwater
sources with excessive amounts of nitrates (Khadraoui
2010; Abdesselam et al. 2013). Contamination of ground-
water by saltwater from the chotts constitutes an additional
risk for the potential use of these water systems in the
future (OSS 2008). Chotts are threatened by human activ-
ities, such as excess salty water drained from palm groves,
increasing the salt content of the ground water. Anthro-
pogenic pressure around Chott El Beidha Hammam
Essoukhna (Fig. 1, number 11) has caused native vegeta-
tion to recede, increasing risks of desertification (Oussedik
et al. 2003; Khaznadar et al. 2009). The unique landscape
and climatic conditions of Algerian chotts have created a
specific biodiversity, hosting endemic and rare flora and
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fauna. Their location and size also offer unique breeding,
resting and wintering areas for migratory birds. The lands
around chotts were previously covered with spontaneous
plants. Over time, the herders increasingly introduced dif-
ferent crops, particularly fodder species. This land is used
as a grazing area for large numbers of livestock, thus
accentuating the zoogenic pressure on the grazing lands
(Le Houérou 1993). Wastewater discharge in these basins
is another substantial hazard to these ecosystems (Kha-
draoui 2010), due mainly to lack of wastewater treatment
discharged in chotts (Demnati et al. 2012). Bensaci et al.
(2014) demonstrated excessive levels of heavy metals such
as cadmium and lead in chott El Hodna (Fig. 1, number 15)
originating from urban (domestic wastewater) and indus-
trial pollution and farming areas; through irrigation. These
elements exceed the standard of the World Health Orga-
nization of 0.003 and 0.01 mg/l, respectively. Salt extrac-
tion is the most common industrial activity in the chotts.
The rejection of salt washing water during the extraction
process can increase the concentration of certain elements
like magnesium salts (GM 1998). Climate change and
increased urbanization intensify the threats to Algerian
chotts through habitat fragmentation (Bensaci et al. 2013).

In the twentieth century, temperatures have increased by
0.74 °C globally, while in Algeria it increased by 1.5-2 °C.
Temperature changes between 1930 and 2000 include
increases in average temperatures, changes in minimum
and maximum temperatures during the winter and autumn,
and increases in monthly maximum temperatures. At the
same time, rainfall has declined by 10 and 20%. The study
of precipitation levels has shown decreasing rains in
autumn, winter and spring (Chabane 2012).

Natural resources including lakes, ponds, sebkhas and
chotts, and adjacent land are subjected to serious threats
due to climate change combined with a significant human
pressures such as deforestation, intensive modes of pro-
duction, pollution, urbanization and anthropogenic inter-
ventions in rural areas, etc. Conservation of natural
environments and biodiversity is a relatively new concept
in Algeria, enacted into law on environmental protection in
1983. Since 1983, several legislative texts have been put in
place to favor environmental protection; however, field
reality contrasted with government policy, because the
environmental situation has continued to deteriorate (Si
Bachir 2013).

Focus on Chotts Merouane and Melghir

Chotts Melghir (34°15'N, 06°17'E) (Fig. 1, number 21) and
Merouane (34°10.63'N, 6°17.32'E) (Fig. 1, number 23) are
the largest salt lakes in Algeria. They are located in the
northeast of the Algerian Sahara and cover a surface area
from 551,500 and 337,700 ha, respectively (Demnati 2013)

(Fig. 2). Chott Melghir is located between three municipal
districts (El Oued, Biskra and Khenchela); the greater part
of this area is located in the municipal district of El Oued
and Biskra. Chott Merouane is in the municipal district of
El Oued; it is delimited by the municipality of Hamraia in
the north and east, by R’guiba municipality (Sif E1 Menadi)
in the southeast and by Oum El Thiour and M’ghaire
municipalities (Nessigha and Dendouga) in the west. These
chotts play an essential ecological role and have important
landscape, cultural and economic values (Demnati et al.
2012). Both sites are internationally protected; Chott
Merouane was classified as a Ramsar Site in 2001, and
Chott Melghir was classified as a Ramsar site in 2003.

The Chotts Merouane and Melghir are the lowest points
of the basin. According to Table 3, the population density
is highest in El Feidh and Oum Thiour, and the lowest at
Sif El Menadi and Sidi Mohamed Moussa. Although the
population size and density per km? appeared low, the
evacuation discharge of the households flows into the
chotts. Other activities located around these areas, such as
salt and sand mining, also have negative impacts on the
chotts. According to UNESCO (1972) and OSS (2003), the
main water flow is toward chotts given the lower elevation
levels. This indicates that major cities such Jamaa and
M’ghaire (Oued Righ Valley) situated in the west and El
Oued in the east can have important impacts on the chotts
despite the distance.

Despite the arid conditions, the local population has
developed different socioeconomic activities in and around
Chotts Merouane and Melghir, like agriculture (palm
groves, intercropping cultivation), livestock farming and
salt production (Demnati et al. 2012). The primary eco-
nomic activity is agriculture, followed by services (trans-
port) and public administration employment (education,
mail service, agricultural services, and forest protection,
municipal and state services) (Fig.3). Agriculture is
dominated by date production, flourishing around the
chotts since the 1980s (Demnati 2013). The agricultural
land reform and legislation concerning agricultural con-
cessions in the beginning of 2000 has further encouraged
the extension of date and other agricultural irrigated crops
(Abdelhamid 2009), replacing traditional rain-fed cereal
crops.

As part of the new rural development policy in Algeria
and in order to provide solutions to problems that have
constrained farming development during the liberal man-
agement phase, a national agricultural and rural develop-
ment plan (Plan National de Développement Agricole et
Rural, PNDRA) was developed by the Ministry of Agri-
culture and Rural Development containing several pro-
grams; among this program the development by
concessions. The concessions give Algerian operators the
right to use agricultural lands and goods within the private

@ Springer
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Table 3 Density and population size of the studied localities in Chotts Merouane and Melghir (Demnati 2013)

Site Total population Population village District Density
size number surface km? (inhabitants/kmz)

1. Hamraia 58,000 5800 2440 1.15

2. Sif El Menadi (Reguiba)® 40,367 29 1529 0.02

3. Dendouga (M’ ghaire)* 51,007 1467 1399.3 1.05

4. Nessigha (M’ ghaire)* 51,007 7092 1399.3 35.58

5. Oum El Thiour 12,359 12,359 2023.39 6.11

6. Sidi Mohamed Moussa (El Haouch)? 4422 700 742 0.94

7. El Feidh 12,602 12,600 1379.1 9.14

? In brackets in the first column were mentioned some district names, of small localities (or villages). The sites considered are the nearest

localities to the Chotts Merouane or Melghir

Fig. 3 Importance of economic 90
sectors of activity for the Chotts
of Merouane and Melghir 80

grouped by municipality
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Merouane) Merouane) Melghir) Melghir)

Study sites

domain of the State. The concessions are given for forty
years and are renewable, and this means that the current
practices can continue over the long term. Adaptive man-
agement plans including different stakeholders (salt min-
ers, farmers and herders) could be an effective way of
increasing conservation for the site.

Khadraoui (2010) has highlighted that the extension of
date plantations has not incorporated adequate feasibility
studies including soil structure, irrigation pumping and
draining impacts, raising concerns on the sustainability of
the activities and their impacts on the biodiversity of the
chotts (Bouaguel et al. 2014). As a result, certain areas are
impacted with intense salinization of the soil and water
tables, thus affecting both agricultural and domestic water
supplies. The increase in agricultural production and—
more specifically date production—has put additional

stress on ground water supplies (Sutton and Zaimeche
1992). This intensive agriculture involves increased
chemical use (Demnati et al. 2012).

Animal livestock and grazing are important cultural and
economic activities in the area. There are over 103,000
animals grazing in and around Chotts Merouane and
Melghir (Demnati 2013), made up in majority of sheep
herds, followed by dromedary and goat herds. Nomadism
and transhumance are the main forms of animal breeding,
the frequent movement and short-term grazing compensate
for the arid climatic conditions. There has been a decrease
in the surface area available for pastoral activities due to
increased agricultural production, political reforms and
climate change (droughts) (Kanoun et al. 2007). This has
had an impact on plant biomass and floristic composition
due to the selective grazing preferences of each species.

@ Springer
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Domestic grazing plays an important role in keeping wet-
land habitats open, yet if the grazing is too intensive, the
plant cover decreases, bare soil increases and overall bio-
diversity decreases (Teuber et al. 2013). The risk of veg-
etative cover reduction is more pronounced in Chotts
Merouane and Melghir as there are three different species
present (sheep, camels and goats) (Chaieb and Zaafouri
2000).

Salt production is 149,000 tons per annum (DGM 2009),
creating an important economic sector for the region (Taib
2012). There are two principle types of salt production in
the chotts: intensive salt production by government insti-
tutions and newly established artisanal production by the
private sector (Demnati et al. 2012). The artisanal salt
production, directly extracting salt, may result in magne-
sium pollution as can be observed in Chott Merouane
(Générale des Mines (GM) 1998). This is important
because as Timms (2005) shows secondary salinization (by
magnesium) can impact the biodiversity of salt lakes.

In order to study the change of the chotts, we used the
results from a remote sensing analysis that considered land
use maps from 1987 and 2007 produced under the Glob-
wetland project (2010-2014) (Guelmami 2014). The maps
from the study area showed an important extension of
agricultural land (more than 40 km? in Chott Merouane

T 1087

34300N-]

300N

300N

Legend
- Urbanization - Natural wetlands

Agricultural lands - Artificial wetlands

- Natural dry lands

300N
3300

300N
Fazsoon

(Fig. 4; Table 4). There was also a reduction of natural
wetlands in both sites (with a decrease of over 32 km? of
natural wetlands in Chott Merouane and 11 km? in Chott
Melghir. These trends emphasize the impact of the agri-
cultural reform (A new farm restructuring from 1987 to
1999 and the National Agricultural and Rural development
Program from 2000 to the present) favoring agricultural
extension at the expense of salt lakes and grazing lands
(Laoubi and Yamao 2012).

In Algeria, efforts have been made toward recognition
of the functions and values of wetlands; however, there is
still progress to be made at all levels. The strategy of
wetland conservation consists in preparing of management
plans of natural resources of these areas. A policy is
adopted to prevent their degradation and loss, to ensure
their sustainable use and support research for measuring
their value. There has been both the acceptation of inter-
national legislation (Ramsar Convention, the Convention
on Biological Diversity and The United Nations Conven-
tion on Climate Change) and the creation of national leg-
islation (Gherzouli 2013). Despite the large number of
statutory instruments and control bodies, this regulation is
not applied on the ground (Raachi 2007). Often the oper-
ators are unaware of existing legislation, generating prob-
lems between the various sectors operating in the

R 2007

Fig. 4 Land use maps for Chotts Merouane and Melghir in 1987 and 2007 (Guelmami 2014)
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Table 4 Analysis of land use changes from 1987 to 2007 using
satellite imagery for Chott Merouane and Chott Melghir (Guelmami
2014)

Km? in 1987 Km? in 2007 Change in km?

Chott Merouane

Urbanization 10.57 22.44 11.87
Agricultural land  83.53 123.80 40.27
Natural dry land 2445.98 2413.61 —32.37
Natural wetlands 962.05 940.77 —21.28
Artificial wetlands 0.00 1.64 1.64
Chott Melghir
Urbanization 1.69 3.69 2.00
Agricultural land ~ 67.44 66.87 —0.56
Natural dry land 3213.47 3223.99 10.52
Natural wetlands 2557.81 2546.08 —11.74
Artificial wetlands 0.78 0.55 —-0.22

management field, protection and exploitation of water
resources globally, and chotts specifically (Demnati 2013).

There have been initiatives to increase public awareness
of chotts in northern Algeria through awareness campaigns
and school programs, and unfortunately, these initiatives
are led by environmental NGO, who are not present around
Chotts Merouane and Melghir. Despite the lack of formal
environmental NGO, Demnati et al. (2012) have shown
that the main stakeholders are disposed to take part in
conservation efforts to protect the chotts and to preserve
these very fragile environments.

Future perspectives

Although there is legislation in place to protect Ramsar
sites, it is not always respected when creating new projects
and exploiting natural resources (Khaznadar et al. 2009).
This situation is aggravated as some administrative bodies
are missing in the area of Chotts Merouane and Melghir,
with the absence of the District of Agricultural Services
(DSA) and Local Forest Conservation Service (CFW). The
lack of administrative structures and implementation of
laws has led to poorly planned socioeconomic develop-
ment. As a result, much of the national legislation that
should aid in sustainable development is not enforced at the
local or regional level (Nedjimi et al. 2012). A more
integrated management approach may help promote local
development while ensuring the sustainable use of the
natural resources. In the absence of effective intersectorial
management, we would recommend putting in place a
formal administrative structure that includes a two-tier
structure made up of a scientific council and an adminis-
trative committee. This structure could benefit the short-

term and long-term management of Chotts Merouane and
Melghir and set an example for other Algerian chotts.

Our literature review highlights the need for more
detailed scientific studies on Algerian chotts. The seasonal
and annual fluctuations in these biotopes make long-term
studies essential to better understand the changes and
progression in the sites. Other research that should be
carried out includes a study of the vegetation biomass
cover and pasture management to improve the sustain-
ability of grazing activities in and around the chotts. Fea-
sibility studies are also imperative before developing
additional agricultural activities. In accordance with the
suggestions of Nedjimi et al. (2012), we also recommend
more intensive agricultural training to reduce the agricul-
tural irrigation runoff in the chotts and contamination of the
groundwater.

A proposal for protection and conservation of Algerian
chotts (Fig. 5) suggests the important role that the gov-
ernment must assure for the collaboration between the
various socioeconomic and administrative stakeholders.
This collaboration would help to ensure the application of
the existing legislation and promote more informed deci-
sion making on socioeconomic development and the
adoption of laws protecting chotts. Decisions should be
taken after consultation with the relevant ministries with an
intersectorial approach. The ministries should also ensure
environmental respect by the socioeconomic stakeholders
operating in these areas, by working together, making
consultations and taking preliminary decisions based on the
scientific reports. Scientific studies and feasibility studies
should not only include the participation of not only sci-
entific bodies, but also include the implication of different
environmental associations and the local population. Aca-
demic and applied research is also essential for the con-
servation of these habitats. Environmental associations
have an important role to play in environmental education
of local residents and socioeconomic stakeholders on the
ground, in order to encourage management changes and
conservation actions. Associations should involve local
populations in the protection and conservation efforts.
Information exchange between environmental associations
and the scientific community is important to establish
sustainable management of chotts, creating a multi-level
and multi-sector approach. A two way exchange is extre-
mely important between the ministry and the scientific
research, with scientific institutions both initiating new
research and implementing proposed studies. The govern-
ment should support this process through information
exchanges and funding opportunities.

The ultimate purpose is to raise the value and services of
this fragile environment, through awareness, protection and
conservation.
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Fig. 5 Suggested step with the different actors for protecting and conserving Algerian chotts

Conclusion

Algerian chotts are important wetland habitats for their
natural, economic, scientific and social capital. Despite
their values, many human activities threaten or affect the
chotts including agricultural activities, diversion of water
flows and mineral extraction. Climate change (with more

@ Springer

intense drought periods) could further impact these delicate
wetlands. In order to improve the conservation of chotts,
awareness must be increased on the nature of human
threats and their impact on these habitats. New strategies
must be implemented to achieve sustainable conservation
and management. Integrated management, with an
emphasis on combining economic development
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(agriculture), mining and conservation planning, could be a
useful strategy to promote a balanced use of the natural
resources with sustainable land use practices.

Some recommendations to improve the management
and conservation of chotts include:

e Encourage researchers’ interests in all aspects of chotts
from water dynamics passing through micro- and
macrofauna, and micro- and macroflora,etc.

e Installation of research centers to facilitate long-term
monitoring of fauna and flora; population dynamics
studies, and climatic studies.

e The salt mining activity should not be done in the
sebkha itself or around the chott. This activity should
be far from the chott to ensure a refuge for flora and
fauna. Salt mining should also be located in areas
where it is not detrimental to agricultural activities.

e The salt washing water should not be discharged
directly into the chott, because this water contains
harmful secondary salts; these extractive companies
must make retention ponds and explore alternative uses
for these salts.

e The amount of salts extracted must be defined annually
according to recommendations established by the
annual reports of researchers on each chott.

e Most Algerian chotts contain endemic plant species;
on this point, the authorities like the Ministry of
Agriculture and Rural Development and the Ministry
of Environment and Spatial Planning, should provide
the financial and human resources in order to
preserve this richness, and appropriately identify
preservation zones.

e The grazing on the edge of chotts provides good fodder
for sheep, goats and camels. Livestock grazing in these
areas must be regulated and controlled. The use of
rangeland zoning and control can encourage vegetative
cover and plant production.

e Prohibit sand mining companies from extracting sand
in chotts, and thus attempt fixing these dunes by
vegetation adapted to these environments.

Acknowledgements We express our thanks to Anis Guelmami, Loic
Willm and Juan Guillermo for their help with the maps and remote
sensing and Patrick Grillas for his useful comments on earlier ver-
sions of this manuscript. The study was supported by the Algerian
Ministére de I’Enseignement Supérieur et de la Recherche Scien-
tifique (DGRSDT/M.E.S.R.S.), Foundation Tour du Valat and the
Fondation ProValat.

References

Abaigar T, Belbachir-Bazi A, Cano M (2009) Proposition d’aménage-
ment et de gestion d’un centre d’élevage de gazelle en captivité.
Project de coopération internationale hispano-algérienne (AECI-

MESRS) Réf: A/011012/07. Rapport Scientifique et Technique,
Almeria (Espagne)-Bejaia (Algérie)

Abdelhamid A (2009) Quelle agriculture pour 1’Algérie?. Office des
Publications Universitaires, Algiers

Abdesselam S, Halitim A, Jan A, Trolard F, Bourrié G (2013)
Anthropogenic contamination of groundwater with nitrate in arid
region: case study of southern Hodna (Algeria). Environ Earth
Sci 70:2129-2141. doi:10.1007/s12665-012-1834-5

Amarouayache M, Derbal F, Kara H (2009) Biological data on
Artemia salina (Branchiopoda, Anostraca) from Chott Marouane
(northeast Algeria). Crustaceana 82:997-1005. doi:10.1163/
156854009X452768

Aubert G (1976) Les sols sodiques en Afrique du Nord. Annales de
I’Institut National Agronomique - El Harrach 7:185-196

Béchet A, Samraoui B (2010) Plan d’action pour le Flamant rose
Phoenicopterus roseus en Algérie. Centre de Recherche de la
Tour du Valat, France

Belay A (2002) The potential application of Spirulina (Arthiospira) as
a nutritional and therapeutic supplement in health management.
J Am Nutraceutical Assoc 5:27-48

Bensaci E, Saheb M, Nouidjem Y, Bouzegag A, Houhamdi M (2013)
Biodiversité de I’avifaune aquatique des zones humides sahari-
ennes: cas de la dépression d’Oued Righ (Algérie). Physio-Géo
Géographie Phys Environ 7:211-222

Bensaci E, Bendjama S, Telli S, Reguig S, Zoubiri A, Houhamdi M
(2014) Contribution a I’étude de la pollution des eaux des zones
humides des régions arides d’Algérie. Int J Environ Water
3:61-68

Berzins R, Belbachir F (2007) Compte-rendu de la deuxiéme réunion
de I’Observatoire du Guépard en Régions d’Afrique du Nord
(OGRAN), 20-25 Novembre 2006, Tamanrasset, Algérie.
Société Zoologique de Paris, Paris

Blanchard R, Richard J (1890) Sur les crustacés des Sebkhas et des
Chotts d’Algérie. Bull Soc Zool Fr 45:136-138

Bouabdallah EH (1990) La végétation steppique sur sols salés des
hautes-plaines sud-algéroises. Composition, structure et produc-
tion. Dissertation, Université de Paris-Sud

Bouaguel L, Bensaci E, Saheb M, Bouslama Z, Houhamdi M (2014)
Premiére nidification réussie du Flamant rose Phoenicopterus
roseus dans la vallée de 1’Oued Righ (Sahara algérien). Synthése
Rev Sci Technol 28:75-83

Boucheker A, Samraoui B, Prodon R, Amat JA, Rendon-Martos M,
Baccetti N, Esquerre FVI, Nissardi S, Balkiz O, Germain C,
Boulkhssaim M, Béchet A (2011) Connectivity between the
Algerian population of Greater Flamingo Phoenicopterus roseus
and those of the Mediterranean basin. Ostrich 82:167-174.
doi:10.2989/00306525.2011.607856

Bouldjedri M, De Bélair G, Mayache B, Muler SD (2011) Menaces et
conservation des zones humides d’ Afrique du nord: le cas du site
Ramsar de Beni-Belaid. C R Biol 334:757-772

Boulekhssaim M, Ouldjaoui A, Alfarhan A, Samraoui B (2013)
Breeding ecology and diurnal activity budget of Ruddy Shelduck
Tadorna ferruginea in the north-eastern Hauts Plateau, Algeria.
Ostrich 84:129-136. doi:10.2989/00306525.2013.821680

Boutaiba S, Hacene H, Bidle KA, Maupin-Furlow JA (2011)
Microbial diversity of the hypersaline Sidi Ameur and Himalatt
Salt Lakes of the Algerian Sahara. J Arid Environ 75:909-916.
doi:10.1016/j.jaridenv.2011.04.010

Briere P (2000) Playa, playa lake, sabkha: proposed definitions for old
terms. J Arid Environ 45:1-7. doi:10.1006/jare.2000.0633

Britton RH, Crivelli AJ (1993) Wetlands of southern Europe and
North Africa: mediterranean wetlands. In: Whigham DF,
Dykyjova D, Hejny S (eds) Wetlands of the world: inventory,
ecology and management. Springer, Netherlands, pp 129-194

Bryant RG, Rainey MP (2002) Investigation of flood inundation on
playas within the Zone of Chotts, using a time-series of AVHRR.

@ Springer


http://dx.doi.org/10.1007/s12665-012-1834-5
http://dx.doi.org/10.1163/156854009X452768
http://dx.doi.org/10.1163/156854009X452768
http://dx.doi.org/10.2989/00306525.2011.607856
http://dx.doi.org/10.2989/00306525.2013.821680
http://dx.doi.org/10.1016/j.jaridenv.2011.04.010
http://dx.doi.org/10.1006/jare.2000.0633

127 Page 14 of 15

Environ Earth Sci (2017) 76:127

Remote Sens Environ 82:360-375. doi:10.1016/S0034-
4257(02)00053-6

Chabane M (2012) Comment concilier changement climatique et
développement agricole en Algérie?. Territoire en mouvement,
Revue de géographie et aménagement. http:/tem.revues.org/
1754. Accessed 29 May 2016. doi:10.4000/tem.1754

Chaieb M, Zaafouri M (2000) L’élevage extensif, facteur écologique
primordial de la transformation physionomique du cortége
floristique en milieu steppique tunisien. Options Méditerr
A/39:119-222

Chehma A, Faye B, Bastianelli D (2010) Valeurs nutritionnelles de
plantes vivaces des parcours sahariens algériens pour dro-
madaires. Fourrage 204:263-268

Coque R, Tricat J, Cailleux A (1972) Le modéle des régions seches,
traité de géomorphologie. Ann Géogr 81:734-740

Dakki M, Fennane M, Ouyahya A, Hammada SM, Ibn Tattou M
(2004) Analyse de la Biodiversité floristique des zones humides
du Maroc. Flore rare, menacée et halophile. Acta Botanica
Malacit 29:43-66

De Smet K, Maziz SB, Fellous A, Belbachir F, Bazi-Belbechir A,
Comizzoli P, Wacher T (2007) Inventaires de la faune sauvage
des zones désertiques en Algérie (Grand Reg Occidental).
Rapport de mission 3—15 Mars. Sahara Conservation Fund

Demnati F (2013) Biodiversité et Enjeux Socio-économiques des lacs
salés (Chotts et Sebkhas) d’Algérie. Cas du Chott Merouane et
Melghir. Dissertation, University Mohamed Khider, Biskra,
Algeria

Demnati F, Allache F, Ernoul L, Samraoui B (2012) Socio-economic
stakes and perceptions of wetland management in an arid region:
a case study from Chott Merouane, Algeria. Ambio 41:504-512.
doi:10.1007/s13280-012-0285-2

Direction Générale des Foréts (DGF) (2004) Atlas des zones humides
algériennes d’importance internationales. DGF, Alger

Direction Générale des Mines (DGM) (2009) Bilan des activités
minieres 2009. Ministere de 1’Energie et des Mines, Alger,
Algeria

Donaire JJS (2000) Descriptive and functional wetland typology and
classification. Obs Medioambient 3:311-339

Dubost D (2002) Ecologie, aménagement et développement agricole
des oasis algériennes. CRSTRA, Biskra

Dubuis A, Simonneau P (1957) Les unités phytosociologiques des
terrains salés de I’ouest algérien. Bull Trav Sect Pédol Agrol
3:5-23

Dugan P (1990) Wetland conservation: a review of current issues and
required action. [IUCN, Gland

Faysse N, Hartani T, Frija A, Tazekrit I, Zairi C, Challouf A (2011)
Agricultural use of groundwater and management initiatives in
the Maghreb: challenges and opportunities for sustainable
aquifer exploitation. AFDB Econ Brief

Générale des Mines (GM) (1998) Etude technico-économique du
salin d’El Magtaa. Générale des Mines Boumerdes, Algeria

Ghalibaf M, Moussavi Z (2014) Development and environment in
Urmia lake of Iran. Eur J Sustain Dev 3:219-226. doi:10.14207/
€jsd.2014.v3n3p219

Gherzouli C (2013) Anthropisation et dynamique des zones humides
dans le nord-est-algérien: apport des études palynologiques pour
une gestion conservatoire. Dissertation, University of Toulouse
le Mirail

Ghezlaoui B, Benabadji N, Bennmansour D, Merzouk A (2011)
Analyse des peuplements végétaux halophytes dans le Chott El-
Gharbi (Oranie-Algérie). Acta Bot Malacit 36:113-124

Ghomari SM, Selselet-Attou G, Hontoria F, Moncef M, Amat F
(2012) Note sur la biogéographie de la biodiversité du genre
Artemia dans la région ouest de 1’Afrique du Nord (Algérie,
Maroc et Tunisie). Ecol Mediterr 38:29-38

@ Springer

Gratzfeld J (2004) Industries extractives dans les zones arides et semi-
arides: planification et gestion de I’environnement. IUCN, Gland

Guelmami A (2014) Land use/land cover maps from 1990 and 2005
derived from earth observation data (ESA DUE project
GlobWetland-II, 2010-2014)

Halis Y, Benhaddya ML, Bensaha H, Mayouf R, Lahcini A, Belhamra
M (2012) Diversity of halophyte desert vegetation of the
different saline habitats in the valley of Oued Righ, low Sahara
basin, Algeria. Res J Environ Earth Sci 4:308-315

Hamed Y, Ahmadi R, Demdoum A, Bouri S, Gargouri I, Ben Dhia
H, Al-Gamal S, Laouar R, Choura A (2014a) Use of
geochemical, isotopic, and age tracer data to develop models
of groundwater flow: a case study of Gafsa mining basin-
Southern Tunisia. J Afr Earth Sci 100:418-436. doi:10.1016/j.
jafrearsci.2014.07.012

Hamed Y, Ahmadi R, Hadji R, Mokadem N, Dhia HB, Ali W (2014b)
Groundwater evolution of the Continental Intercalaire aquifer of
Southern Tunisia and a part of Southern Algeria: use of
geochemical and isotopic indicators. Desalination Water Treat
52:1990-1996. doi:10.1080/19443994.2013.806221

Jellison R (2005) IX international conference on Salt Lake research:
research opportunities and management challenges. Saline Syst
1:12. doi:10.1186/1746-1448-1-12

Jellison R, Williams WD, Timms B, Alcocer J, Aladin NV (2008)
Salt lakes: values, threats and future. In: Polunin NVC (ed)
Aquatic ecosystems: trends and global perspectives. Cambridge
University Press, Cambridge, pp 94-110

Johnson J, Cézilly F (2007) The greater flamingo. T & AD Poyser,
London

Joly F (2006) Les eaux sauvages des régions arides. Notions de base
sur I’hydrologie des déserts. GEomorphol Relief Process Environ
4:285-298. doi:10.4000/geomorphologie.93

Kanoun A, Kanoun M, Yakhlef H, Cherfaoui M (2007) Pastoralism in
Algeria: livestock farming systems and sheep breeder adjustment
strategies. Rech Sur Rumin 14:181-184

Kbir-Ariguib N, Ben Hassan-Chehimi D, Zayani L (2001) Treatment
of Tunisian salt lakes using solubility phase diagrams. Pure Appl
Chem 73:761-770. doi:10.1351/pac200173050761

Khadraoui A (2010) Sols et hydraulique agricole dans les oasis
algériennes:  caractérisation, contraintes et  propositions
d’aménagement. Office des Publications Universitaires, Algiers

Khaznadar M, Vogiatzakis IN, Griffiths GH (2009) Land degradation
and vegetation distribution in Chott El Beida wetland, Algeria.
J Arid Environ 73:369-377. doi:10.1016/j.jaridenv.2008.09.026

Koopmanschap E, Hammami M, Klok C (2011) Quick-scan of
options and preliminary recommendations for the management
of Lake Ayata in the Valley of Oued Righ. Centre for
Development Innovation Wageningen, Wageningen

Laoubi K, Yamao M (2012) The challenge of agriculture in Algeria:
are policies effective? Bull Agric Fish Econ 12:65-73

Larafa M (2004) Dynamique de la végétation halophile en milieu
aride et semi-arid au niveau des chotts (Melghir, Merouane et
Bendjeloud) et Oued Djeddi en fontion des conditions du milieu.
Dissertation, University Badji Mokhtar, Annaba, Algeria

Le Houérou HN (1993) Salt-tolerant plants for the arid regions for the
Mediterranean isoclimatic zone. In: Leith H, Al Massom AA
(eds) Towards the rational use of salinity tolerant plants tasks for
vegetation science, vol 1., Kluwer Academic PublishersDor-
drecht, The Netherlands, pp 403-422

Lu J, Takeuchi T (2004) Spawning and egg quality of the tilapia,
Oreochromis niloticus fed solely on raw Spirulina platensis
throughout three generations. Aquaculture 234:625-640. doi:10.
1016/j.aquaculture.2003.12.027

Mabhafzah A (2015) The impact of the national strategy for tourism on
economic development in Jordan. J Econ Sustain Dev 6:104-107


http://dx.doi.org/10.1016/S0034-4257(02)00053-6
http://dx.doi.org/10.1016/S0034-4257(02)00053-6
http://tem.revues.org/1754
http://tem.revues.org/1754
http://dx.doi.org/10.4000/tem.1754
http://dx.doi.org/10.1007/s13280-012-0285-2
http://dx.doi.org/10.14207/ejsd.2014.v3n3p219
http://dx.doi.org/10.14207/ejsd.2014.v3n3p219
http://dx.doi.org/10.1016/j.jafrearsci.2014.07.012
http://dx.doi.org/10.1016/j.jafrearsci.2014.07.012
http://dx.doi.org/10.1080/19443994.2013.806221
http://dx.doi.org/10.1186/1746-1448-1-12
http://dx.doi.org/10.4000/geomorphologie.93
http://dx.doi.org/10.1351/pac200173050761
http://dx.doi.org/10.1016/j.jaridenv.2008.09.026
http://dx.doi.org/10.1016/j.aquaculture.2003.12.027
http://dx.doi.org/10.1016/j.aquaculture.2003.12.027

Environ Earth Sci (2017) 76:127

Page 15 of 15 127

Mahowald NM, Bryant RG, Coral JD, Steinberger L (2003)
Ephemeral lakes and desert dust sources. Geophys Res Lett
30:1074. doi:10.1029/2002GL016041

Mouelhi S, Balvay G, Kraiem MM (2000) Branchiopodes (Cténo-
podes et Anomopodes) et Copépodes des eaux continentales
d’Afrique du Nord: inventaire et biodiversité. Zoosystema
22:731-748

Nedjimi B, Beladel B, Guit B (2012) Biodiversity of halophytic
vegetation in Chott Zehrez Lake of Djelfa (Algeria). Am J Plant
Sci 03:1527-1534. doi:10.4236/ajps.2012.311184

Observatoire du Sahara et Sahel (OSS) (2003) Systeme Aquifere du
Sahara septentrional (The northern Sahara aquifer system, the
mathematical model). Observatoire du Sahara et du Sahel (OSS),
Modele Mathématique 4

Observatoire du Sahara et Sahel (OSS) (2008) Systeme aquifére du
Sahara septentrional (Algérie, Tunisie, Lybie): gestion commune
d’un bassin transfrontalier. Collect Synth 1:48

Oussedik A, Iftene T, Zegrar A (2003) Réalisation par télédétection
de la carte d’ Algérie de sensibilité a la désertification. Science et
Changements Planétaires 14:121-127

Ozenda P (1958) Flore du Sahara Septentrional et Central. CNRS,
Paris

Ozusaglam MA, Cakmak YS, Kaya M (2013) The biotechnological
potential of Artemia salina fatty acids. J Pure Appl Microbiol
7:1567-1575

Perennou C, Beltrame C, Guelmami A, Tomas Vives P, Caessteker P
(2012) Existing areas and past changes of wetland extent in the
Mediterranean region: an overview. Ecol Mediterr 38:53-66

Raachi ML (2007) Etude préalable pour une gestion intégrée des
ressources du bassin versant du lac Tonga au nord-est algérien.
Dissertation, University of Québec (Montréal)

Ramsar (2006) Le manuel de la convention de Ramsar: Guide de la
convention sur les zones humides (Ramsar, Iran, 1971), 4e
édition. Secrétariat de la Convention de Ramsar, Gland, Suisse

Ramsar (2016) An introduction to the convention on wetlands
(previously the Ramsar convention manual). Ramsar convention
secretariat, Gland, Switzerland

Roberts A (2013) Avian diets in a saline ecosystem: great salt lake,
Utah, USA. Hum Wildl Interact 7:158-168

Rosen M (1994) The importance of groundwater in playas: a review
of playa classifications and the sedimentology and hydrology of
playas. Geol Soc Am Spec Pap 289:1-18. doi:10.1130/SPE289

Samraoui B (2002) Branchiopoda (Ctenopoda and Anomopoda) and
Copepoda from eastern Numidia, Algeria. Hydrobiologia
470:173-179. doi:10.1023/A:1015640525662

Samraoui B, Samraoui F (2008) An ornithological survey of Algerian
wetlands: Important Bird Areas, Ramsar sites and threatened
species. Wildfowl 58:71-96

Samraoui B, Chakri K, Samraoui F (2006a) Large branchiopods
(Branchiopoda: Anostraca, Notostraca and Spinicaudata) from

the salt lakes of Algeria. J Limnol 65:83-88. doi:10.4081/
jlimnol.2006.83

Samraoui B, Ouldjaoui A, Boulkhssaim M, Houhamdi M, Saheb M,
Béchet A (2006b) The first recorded reproduction of the Greater
Flamingo Phoenicopterus roseus in Algeria: behavioural and
ecological  aspects.  Ostrich ~ 77:153-159.  doi:10.2989/
00306520609485526

Samraoui F, Alfarhan AH, Al-Rasheid KA, Samraoui B (2011) An
appraisal of the status and distribution of waterbirds of Algeria:
indicators of global changes? Ardeola 58:137-163. doi:10.
13157/arla.58.1.2011.137

Schuyt KD (2005) Economic consequences of wetland degradation
for local populations in Africa. Ecol Econ 53:177-190. doi:10.
1016/j.ecolecon.2004.08.003

Si Bachir A (2013) Législation élaborée en vue de la préservation de
I’environnement de la biodiversité en Algérie. 1" Colloque
National sur Les Zones Humides (CNZH 1), 02 et 03 Février
2013

Stone OR (1967) A desert glossary. Earth Sci Rev 3(211-2):68.
doi:10.1016/0012-8252(67)90378-9

Sutton K, Zaimeche S (1992) Water resource problems in Algeria.
Méditerranée 76:35-43

Taib M (2012) The mineral industry of Algeria (No. Algeria), 2010
minerals yearbook. US Department of the Interior, US Geolog-
ical Survey

Teuber LM, Holzel N, Fraser LH (2013) Livestock grazing in
intermountain depressional wetlands—effects on plant strategies,
soil characteristics and biomass. Agric Ecosyst Environ
175:21-28. doi:10.1016/j.agee.2013.04.017

Thajuddin N, Subramanian G, Chelladevi R, Saravanan P (2002)
Biodiversity of cyanobacteria in different saltpans of Pudukkot-
tai District, Tamil Nadu. Seaweed Res Util 24:1-11

Timms B (2005) Salt lakes in Australia: present problems and
prognosis for the future. Hydrobiologia 552:1-15. doi:10.1007/
$10750-005-1501-x

Tiner R (2003) Geographically isolated wetlands of the United States.
Wetlands 23:494-516. doi:10.1672/0277-5212(2003) 023[0494:
GIWOTU]2.0.CO;2

UNESCO (1972) Projet ERESS: Etude des ressources en eau du Sahara
septentrional. Rapport final (ERESS Project: study of the northern
Sahara water resources. Final report). United Nations Educational
Scientific and Cultural Organisation (UNESCO), Paris

Williams WD (1998) Salinity as a determinant of the structure of
biological communities in salt lakes. Hydrobiologia
381:191-201. doi:10.1023/A:1003287826503

Williams WD (2001) Anthropogenic salinisation of inland waters.
Hydrobiologia 466:329-337. doi:10.1023/A:1014598509028

Williams WD (2002) Environmental threats to salt lakes and the
likely status of inland saline ecosystems in 2025. Environ
Conserv 29:154-167. doi:10.1017/S0376892902000103

@ Springer


http://dx.doi.org/10.1029/2002GL016041
http://dx.doi.org/10.4236/ajps.2012.311184
http://dx.doi.org/10.1130/SPE289
http://dx.doi.org/10.1023/A:1015640525662
http://dx.doi.org/10.4081/jlimnol.2006.83
http://dx.doi.org/10.4081/jlimnol.2006.83
http://dx.doi.org/10.2989/00306520609485526
http://dx.doi.org/10.2989/00306520609485526
http://dx.doi.org/10.13157/arla.58.1.2011.137
http://dx.doi.org/10.13157/arla.58.1.2011.137
http://dx.doi.org/10.1016/j.ecolecon.2004.08.003
http://dx.doi.org/10.1016/j.ecolecon.2004.08.003
http://dx.doi.org/10.1016/0012-8252(67)90378-9
http://dx.doi.org/10.1016/j.agee.2013.04.017
http://dx.doi.org/10.1007/s10750-005-1501-x
http://dx.doi.org/10.1007/s10750-005-1501-x
http://dx.doi.org/10.1672/0277-5212(2003) 023[0494:GIWOTU]2.0.CO;2
http://dx.doi.org/10.1672/0277-5212(2003) 023[0494:GIWOTU]2.0.CO;2
http://dx.doi.org/10.1023/A:1003287826503
http://dx.doi.org/10.1023/A:1014598509028
http://dx.doi.org/10.1017/S0376892902000103

	A literature review of Algerian salt lakes: values, threats and implications
	Abstract
	Introduction
	Ecosystem services of North African chotts

	Algerian Chotts
	Values and services of Algerian Chotts
	Ecological status of Algerian chotts
	Anthropogenic and non-anthropogenic pressures to Algerian Chotts
	Focus on Chotts Merouane and Melghir
	Future perspectives

	Conclusion
	Acknowledgements
	References




