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The Sahara from the Bioclimatic Viewpoint: Definition and Limits

H.N. Le Houerou
Centre d'Ecologie Fonctio/llze/le et Evolutive, CEFE Louis Emberger, CNRS, B.P. 5051, F-34033,
MOlllpelliel; Cedex 01, France

Abstract : The Sahara occupies an area of almost nine million sq. km in Africa and
lies in the zone of less than 100 mm mean annual rainfall. It offers a great bioclimatic
diversity. There is a Mediterranean Sahara in the north, a Tropical Sahara in the south,
a Central Plains Sahara, a Montane Sahara and an Oceanic Sahara, all of which have
their own distinctive climatic pattern and biological diversity. Distribution pattern of plants
and animals is closely linked with the climatic parameters, particularly the amount and
seasonality of rainfall and temperature. ;rhe latter may playas important a role as the
former in controlling animal and plant distribution since Mediterranean species may dominate
in higher elevations under tropical rainfall regimes, whereas Tropical species may intrude
the Mediterranean rainfall regions wherever winter temperature is mild or warm.

Key words : Desert, arid land, bioclimatology. biodiversity. biogeography, Sahara.

Stretching across the northern third of Africa
lies the Sahara desert. To most people, this
immense area, comparable to the United States,
Canada, China or Australia in size, is one of
uniform aridity, searing heat and little or no
vegetation. Yet botanists have for long held
very different perceptions of this vast area of
some 8.6 million sq. km. Their classical view
is that the Sahara is a transition zone between
Mediterranean and tropical climates, with winter
rains in the north and summer rains in the south.
To them, the northern Sahara belongs to the
Mediterranean Region of the Holarctic Floristic
Empire, whereas the southern Sahara belongs
to the Soudano-Deccanian Region of the
Palaeo tropical Floristic Empire. The eremitic
transitional zone of the central Sahara is usually
referred to as the Saharo- Arabian, a term which
includes the Arabian and Persian deserts (Eig,
1931). It borrows its flora from both the Mediter-
ranean and the Sudano-Deccanian regions. The
central Sahara contains no flora of its own. All
its flora are adapted from Holarctic or Palaeo-
tropical groups to extreme ecorogical conditions.
The overall flora of the Sahara amounts to 2800
species of Phanerogams (Le Houerou, 1992a and
b).

Within this generally accepted framework, the
situation is less simple than this sketch might

suggest; the Sahara is very diverse and full of
contrasts - latitudinal, altitudinal and longitudinal
- all being further complicated by variations in
the geology and landscape (Fig. 1).

Northern Limit of The Sahara

Different borders between the arid north
African steppes/semi-deserts and the Sahara have
been discussed by a number of authors from
various disciplines - the northern limit of palm
tree cultivation, the southern limit of olive tree
cultivation, the 200 mm isohyet and so forth.
The best definition was given by the geographer
Capot-Rey (1952) as being the southern limit
of the alfa grass, Stipa tenacissima. Yet alfa
grass steppes have greatly receded over the past
100 years due to over-exploitation, clearing for
cultivation and other questionable management
practices. The natural southern limit of alfa
grass is approximately the 100 mm isohyet, a
limit correspondi.ng to a number of.other botani-
cal, ecological, edaphic and physiographic fea-
tures, as well .as some cropping and land use
practices (Le Houerou, 1959).

The 100 mm isohyet corresponds to the north-
ern extension of a few hundred eremitic plants
characteristic of the Sahara and the Near Eastern
deserts. The most common among these are listed
in Table 1.
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SAHARA - BIOCLIMATIC VIEWPOINT

Tablc 1. Somc COimnOIl alld charac/crisIic plams of/hc lIor/hem Sahara alld /hc Ncar Eas/cm descns

3

Plant

Tree/tnll shrubs

CalligOllllln arich

C. azcl

C. Cah'cscclls

Tall shrubs

l:.phcdra alata

GCllisw saharac

J/c1iamhemulI/ COllfCrlum

Rewma (Lygosi rcwlI/

Tall shrub/shrub

Calligolllill/ COII/OSUII/

Dwnrf shrubs

Allobasis arliculow+

Pu/icario cris1'a

Ralldonia africalla

Salsola hOl)"osmao.

S. w/ragolla+

Perenninl fllrbs

A/1droc.l'/nbil//n b7wnillcIIIII

As/ragalus gOll/hifonnis

Euphorbia b71yolliana

Farse/ia hamillOllii

Moltkia ciliata

Oudlleya africalla

Reseda villosa

TricllOdesma calcaralllll/

Urgillca lIoctiflora

PerenniaVannunl forbs

Fagollia microl'hylla

".nnunl forbs

Allunodaucus leucotricllus

" Crassulescenl species.

Family

I'olygondceae

I'olygonan:ae

Polygonaccae

Ephcdracaeac

Leguminoseae

Cistaceac

Legllminoseae

I'olygonaceae

Chenopodiaceae

Compositcac

Rcsedaceac

Chcnopodiaceae

Chenopodiaceae

Li Iiaceae

Leguminoseae

Eliphorbiaceac

Crllcifcreac

DQraginaceae

Crucifercae

Resedaccac

Boraginaccac

Hyacinthaceae

Zygophyllaceae

Umbellifereae

Plant

As'/ragalus ,~~'z('/1sis

Bruccllia cillerca

Ccmau/'l'a Jillfuracca

Lall/lOca glOll/craw

Ma/lhiola Ih'iaa
McgaslOma pusill/lll/

,HOllsollia 1Ii1'ea

M. hcliorropioidcs

Morcuia callcscclIS

Oligomcris lillifolia

Onllt:llis IOlladioidcs

PlanltJgo cilialll

Pscudel1lcaria clal'ara

Savign}"d parvif10ra

Stcphal/Uchi/us OInphalodcs

Volwaria IcucolI/110

Zygophyllum simplex'

\)warf shrub/pen'nninl grasses

I'anicllm tllrgidum

I'cnnisetllm divislim

Perennial grass

/Iris/ii/a j!'t:riwlO

I'erennial graminoid

()1,cl1ls congloll/crallls

Perennial forbs/dwnrf shrubs

A/ltin'/rilluln rplnosissilnuln

Aso'agalus .pscudo-rrigolllis

fJubollillln b7'O\'colclIs

Comulaca mOllacall/llao.

Zilla macroptera

Z. spillosa

Family

Legllminoscae

Compositeae

Compositeae

Compositeae

Cruci fe reac
Boraginaceae

Geraniaceac

Gcraniaceac

Crllci fc reae

Rescdaceac

Compositeac

I'lantagianaceae

Crllcifereae

Crllcifercae

Compositeac

Composileae

Zygophyllarcae

Gramineac

Gramineae

Gramineac

Cyperaceac

Scrophulariaceae

Legllminoseac

Compositeae

Chcnopodiaceae

Crllcifereae

Crucifereac
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Table 2. (Colltd.)

Plant

Hassia murica/a

Hrochhia cinC/'ea

Cayluselit hcxa~'I1a

CCIlt(W,.hl/lI pulchdlum

Ch,ysq,uhemum mUCTocOl]JW!/

CrCSSQ crelica

DiplOlat1s acris

D. pilardiana

Fagonia spp.·.

Forskhalea tcnacissima

LaU/taea glomerOla

Loms glinoides

Lones jo~\'i

Atalthiola maroccanu

Atonsonia nil'cu

Morcltia cancseens

Neurada procum~lIs

NO/oceras biconll;

Oligomeris linifolia

Fa nll t'
Ca IYlJphyllan.Je

Compositeae

Resedaceae

Genlianaceae

Compositeae

Convolvulaceae

Crllcifereae

Crucifereae

Zygophyllaceae

U rticaceae

Compositeae

Legllminoseae

Legllminoseae

Crllcifereae

Geraniaceac

Crllcifercae

Nellradaccac

Crllcifereac

Resedaceac

LE HOUEROli

Plant

Plalllago ciliata

Robbaircu prostraw

R:I/!/c.r ~Pl'

SQl'(~?IYu pun'ij7ora

Sclcroscplwllls arahic-lIs

SccIlmia ufricana

Senecio fall'lIs

SilCllc l'iIIosa

Perennial GfY(s~'es

Dul/thonia forsklwlci

/)l1Il1l1oniu Ji'ugilis

l.usiw7Is l1irsUllIs

Stipt1,~?'(JSlishrach,\IJ/cra

StipUb?'OSlis ciliatu

SlipUb?'o.wis ohtllsu

Slipu.~n)S/is plw!/osa

Stij'ugro~'lis pungcns

Family

Plantaginaccae

Caryophyllaccac

Polygonaccac

Crucifcrcac

Ctlyophyllaceac

Zygophyllaccae

COf"positcac

Ca ryophyllaceac

Gramincac

Gramincac

Gramincac

Gramincac

Gramincac

Gramineac

Gramineac

Gramincae

• Crassulescent ; •• perennial/annual forbs,

is well beyond the dry limit of rainfed cropping
and resident animal husbandry, which lies around
the 200-250 mm isohyet in the Sahel.

In the southern fringe of the Sahara contracted
vegetation is found between the 50 and 150 mm
isohyets, depending on the soils and substratum.
Again, the figure of 100±50 mm emerges.

Subdivisions of The Sahara

There are three main latitudinal divisions
within the Sahara - the northern part with winter
rains and Mediterranean plant species repre-
senting over half of the flowering plant number;
the southern part with summer rains and mainly
tropical plants and animal species; and the central
Saharan transition zone, where the other two
zones tend to merge in a biological quasi-void
with very low (below 20-25 mm per annum)
average rainfall (Fig. 1). The flora and fauna
in these conditions are extremely poor. Monod
(1958) found only 7 species of flowering plants

over 150,000 sq. km in the eastern 'empty quarter'
of Mauritania, while Quezel (1965) found only
50 species over a same size area in N.E. Chad.
The eastern Libyan and Egyptian deserts are
also extremely poor.

The central Sahara is not entirely void of
vegetation, because the high altitudes of the Ahag-
gar, Tibesti, Tassili and other mountains and
plateaux trigger rainfall, so inducing runoff and
permanent vegetation along the wadis. The
region can be longitudinally subdivided into five
zones (Monod, 1956, 1957, 1968; Quezel, 1965).
Each of these zones is characterised by ergs,
regs, hammadas, rocky hills and mountains.
Similar subdivisions could be applicd to the north-
ern and southern Sahara also. The three main
di\ i~ions and the zones within lhem are discussed
bc!uw.

Central Saham

The Oceanic Zone (70,000 sq. km) is a 50
km wide strip along the Atlantic shore, char-



SAHARA - BIOCLIMATIC VIEWPOI\T

Table 3. ClltlraclC/'i.l'/ic ~l'eeies of Ih,' Oceallic Wile' ill CCIU/'iJ1Sahow

7

Plant

Tall shruh

Hedysanrm argCIIll1lwll

Dwarf shruhs

Barlcria schll/ilii

COI/I'oll'/rllIS ,,'ahlllialllls

Echioclriloll c1ltlzalici

Eclriochiloll sill/olll/ell/Ii

l:.Jlhcdra mllal/{Ii

LimOllia.W1WIl ijirimse*

LilllO//iasmlll/ w/)'gtlJldiol7Jlll

SlIlwla gel/lllluscells"

1('lIcrirlm chardolliallum

Z.\~>;ophyllllll/ walerlmii"

• crassulcsccnl.

Family

Lcguminoseae

Acanthaccae

Con\'ul\'ulaccac

Boraginaceac

Boraginaccac

Ephcdaccac

Limoniaccae

Limoniaceae

Chenopodiaceae

Labiatae

Zygophyllaceae

Plant

Dwarf shrub/pr~nnjal forh

Limol/ia.l"/1wTI fed"

Perennial forh~

AI/elhll/I/ IhCllrklllljJii

!lilt/a IUllI//oi

Annual forhs

Alldrae/llle .~71/1·e/lci

CUIlI'U/l'/rlrls he/erolrichlls

/v!eselllbryalllltellllllll Iltellrkuujpi"

Selleeio mussaiclIs

Cacloidlsucculenl

J:lIpltorbiu ecltillus

Family

Limoniaceac

Umbelliferac

Cornposilcac

Euphorbiaccac

Convolvulaccac

Aizoaceae

Composileae

Euphorbiaceac

acterized by lower and more moderate tempera-
t ures, no frost, relatively moist air, and the
presence of occasional mist. Mean annual rain-
fall varies from 20 to 50 mm. This strip is char-
acterized by a number of endemic, zonal plant
species and communities belonging largely to the
so- called 'macaronesian' flora shared by the
Atlantic islands and the south-western shores
of North Africa (Morocco and Mauritania). The
most characteristic species are listed in Table 3.

Because of the relatively mild climatic con-
ditions the l10ra is richer than in most parts
of the Sahara. Somc 350 species occur over 300,000
sq. km in the former Spanish Sahara - a species
density quite comparable to the montane zones
of Ahaggar and Tassili, and 50% more than
the Fezzan, which is twice the area.

Westem Sahara (800,000 sq. km) has a more
moderate climate than the areas in central and
eastern Sahara on similar latitudes. Mean annual
rainfall varies from 20 to just over 50 mm. Summer
rainfall occurs more in the south and winter
rains in the north, with a continuum in between.
Of particular interest are the occasional winter

depressions and storms south of the Tropic of
Cancer along the Atlantic shores. Birouk et al.
(1991) found 480 species of flowering plants in
the S W Moroccan Sahara, the former Spanish
Sahara. Some characteristic common plant species
of the Western Sahara are listed in Table 4.

. As for the Atlantic Sahara the flora and vegeta-
tion arc a mixture of Mediterranean and tropical
genera and species, the proportions of which
vary from north to south. The same applies to
animals; tropical species reach north almost to
30oN, while Mediterranean species reach south
to 20oN.

The Celllral Plains (1.25 million sq. km) occur
around the central mountains and plateaux, and
arc among the most arid parts of the Sahara,
containing Tanezrouft, Tenere, Touat, Tidikelt,
Tinghert. Rainfall is below 25 mm per annum.
Temperatures are extremely high with a mean
hottest month daily maximum betwcen 40 and
45°C and absolute maxima around 55°C. Flora
and vcgetation arc extremcly poor; the total num-
ber of plant species is well below 600 for the
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Tab/I' 6. Some ~\pica/ p/all/s of Ille Easle/7/ Sal1ara

LE HOUEROU

Planl
Trees/lall shrubs
Acacia IOni/is raddiana
Ba/aniles ae},."qJliaca
MamlO crassifo/ia
Tamari\- ni/mica

Tall shrubs
Lycillln sl1Q\\'ii
}v/oringa p('J"',~?illa
Ochradenus hacca/1/s
Paip/oca apl1yll"
P. angrlslifo/ia
Pislacia kl1injuk
Tam"rir mannifera

Shrubs
Atriplcx !arinosa
Capparis ae!:.'l1Jliaca
Eupl10rbia nubica

J)erennilll grasses
/fe/l1ropus /egopoides
Slipab?'OSlis scoparia

Annual gruss
Taenialht'/wn crinilllm

Perennial forbs
Emdium arborescens
He/iolropiwn dignynwn
Limonium IlI//elll/rum·
Moreuia pl1i/aenae
Moricandia nilens
M. sinaica
Paronycl1ia deseno/7/m
Pl1agna/on barbeyanwn
P. lIilidum
p, scl1wcinfunl1ii
P. sillaicum
Reaumuria l1ind/a
Sa/t'ia grOl'eo/ens
S. 1'a/aeslina
S. spinosa
Verbascum /elOu/7/euxii

Annual forbs/legumes
Ab'lTO/obium a/~rssinicllln
Medicago ascl1asoniana
Trigonella ascl1ersoniana

• Crassulescenl.

Family

Leguminoseae
Dalanilaceae
Capparaceae
Tamariaceae

Solanaceae
Moringaceae
Resedaceae
I'eriplocaceae
I'eriplocaceae
Pislaciaceae
Tamariaceae

Chenopodiaceae
Capparaceae
Euphorbiaceae

Gramineae
Gramineae

Gramineae

Geraniaceae
Boraginaceae
Plumbaginaceae
Crucifereae
Crucifereae
Crucifereae
Caryophyllaceae
Composileae
Composileae
Composileae
Composileae
Tamariaceae
Labialeae
Lahialeae
Labialeae
Scroph ulariaceae

Lcguminoseae
Lcguminoscae
Leguminoseae

I'lanl
Dwarf shrubs
Acl1il1ea jra!:,?"alllissima
Anahasis st'lifera
Artemisia monospenna
ASlragalu., ecl1inus
ASI. ragalus .1'1'1'.
Cl1enalea arahica
CO/7/ulaca el1renbergeri
Crmawri" Illebaica
Launaea .\/Jinosa
l'illlramllO.I' rl1olflianu.l'
p. IOrWOSII,\'
Salsola delilcana·
Sclwnginia ae},.'lpriaca·
Sedlilzia msmarinus·
Sel'Oda scl1im1'eri·
SlIacda monoica
S. seligcra
S. l'olkensi

Annual forbs
Aegia/ophila pwnila
Anwbia hi.\pidissima
A. Il'lra.l'/igma
Bassia aiopl1ora
C/eome cllI)',l'OlI/l1a
C. drosaiJ()lia
DipleJ)'giwn glallcwtl
Ecl1hlln ralllHJljii
Enartl1rocmpus (rralus
E. plaocal1JU.I'
E. Sow/b?·t!mlls
EllIcaria pinnata
Gllndelia IOIl/7/i:fonii
G,lposopl1ila capillaris
/idilropillm. plerocarpwn
/il'osciamus desenOlwn
Launaea massauensis
Meselnbl)'anll1C1nwtl

Forskl1ald·
Reseifa kal1irino
R oriell/alis
R. Pelrol'ilcl1iana
Rohhairea delileana
Salsola inennis·
S, l'olkcnsii·

Family

Composileac
Chenopodiaceae
Composileae
Legllminoscae
Lcguminoscac
Chenopodiaccae
Chenopodiaccae
Lcguminoscac
Composilcac
Umhellifercae
Umhellifcrcae
Chcnopodiaceae
Chcnopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopod iaccac
Chenopodiaceac
Chenopodiaceae

Composileae
l30raginaceae
Doraginaceac
Chenopodiaceae
Cleomaceac
Clcomaceae
Crucifcrac
Doraginaccae
Crucifercac
Crucifcrcae
Crucifercae
Crucifereae
Composileac
Caryophyllaccae
Doraginaccae
Solanaceae
Composileae
Aizoaceare

Resedaceae
Resedaceac
Resedaceac
Calyophyllaceae
Chenopodiaceac
Chenopodiaceae
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Table 7. Some f)1,ieal p/ams of the westem NOr/hem Sahara

11

Plant

Tree
Argania spinosa

Tree/tall shrub

Acacia gwmnifcra

Tall shrubs
Periploca IOcl'igota
Warionia sahara.:

Shrub/dwarf shrub

Fole)'ola billotii

Dwarf shrubs

Anabasis arctiodes"
Fagonia harpago
Hcliamhemum hirntlll

sub sp. hergel'ini
K1cinia allleupllOrhiwn"
Launaca arborcseens
Pintralllhos ballandieri
Rhantcriwn adpressulll
Teucriulll chardonianwn
Z.rgop/~rllwn gaeltllulll"

Family

Sapotaceae

Lcguminoseae

Periplocaceac
Compositeae

Crucifereae

Chenopodiaceae
Zygophyllaceae
Cistaceae

Compositeae
Compositeae
Umbellifereae
Compositea~
Labiateae
Zygophyllaceae

Plant
Dwarf/shrub/perennial Corb

Lilllolliasolim fcci"

Perennial grllss

Digitaria nodosa

Perennial forbs/legumes

Crow/aria saharae
Loltls simollae

Perennial ·forbs

Baltandiera alllOella
Sa!l'ia jalllilliallo
Withallia fmtescms

Annual forbs

Asteriscus pillifolius
Fagollia /atifolia
P/alllago akkellsis
Reboudia cl1lcoidt~s

Cactolds
Euphorbia echillus••••
E. rcgis-jubac••••
E. resilliJtTQ••••
E. hawnicrona ••••

Family

Limoniaceae

Gr<lmineae

Leguminoseae
Leguminoseae

Hycianthaceae
Libiatcae
Solanaceae

Compositeae
Zygophyllaceae
Plantaginaceac
Crucifereae

Euphorbiaccac
Euphorbiaceac
Euphorbiaccac
Euphorhiaccae

• Crassulescent species : •• Succulent species.

enough rainfall to create permanent streams and
underOow in wadis, e.g., the Draa, Saoura, Dades,
Rheris and Guir. Some of the characteristic/en-
demic Oora are listed in Table 7.

Celltral NOl1hem Sahara corresponds roughly
to southern Algeria and Tunisia. Rainfall pattern
is similar to that of North-Western Sahara, but
temperature is somewhal lower in winter with
mean daily January minimum varying from 2°
to 50 C. Flora and vegetation are only differen-
tiated by the absence of western and eastern
species. The Biskra area is a special case, as
its warmer winters result in vegetation more
similar to that of the western Sahara (Le Houerou,
et al. 1975).

Orielltal NO/them Sahara includes the Saharan
parts of Tunisia, Libya and Egypt north of the
50 mm isohyel. There are local differences

depending on winter temperature; the mean daily
January minimum may vary from 20 to 9°C. The
rainfall varies from west to east with clear demar-
cation at 19°E. To the west of it rainfall is morc
or less evenly distributed between autumn, winter
and spring; to the east it is more concentrated
in winter, i.e., more than 50% of the annual
total (Le Houerou, 1984). Botanically this area
is c.haracteristed by a number of oriental species,
as listed in Table 8.

Southern Sahar.t (1.5 million sq. kIn)

The climate of southern Sahara has two very
important characteristics. First, the mean daily
January minimum rarely drops below lOoC anJ
there is virtually no frost under shelter at lower

. elevations (although light frost may occur in the
open al night, due 10 radiation and low air
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Fig. 2. SkCICh of rhe phylOgeographic subdivisions of the Sahara and neighbouring lerrilOri"s (from Qw:zd, ]<)78 and
from Le Huuao!l, 1992).

LEGEND
I.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12..
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Mcditcrrancan region (Semi-arid and hyper-humid zoncs)
Western arid stcppic zone
Central arid steppic zone
Eastcrn arid steppic zone
Oceanic Northern Sahara transition zone
Wcstern Northern Sahara Transition zone
Ccntral Northern Sahara Transition zone
Eastern Northern Sahara Transition zonc
Oceanic Central Sahara
N-W Central Sahara
Northern Ccntral Sahara
N-E Central Sahara
Western Ccntral Sahara
Central Sahara
Central Sahara Highlands
Eastern Sahara Highlands
Oceanic Southern Sahara
Western Southern Sahara
Central Southern Sahara
Eastern Southern Sahara
Oceanic Sahel
Western Sahel
Ccntral Sahcl
Eastern Sahel
Eastern Sahara Zonc. Red-Sea Shores Saharo-Arabian Region
Sudano-Angolan Rcgion. Eastern African Domain, E-A Montanc

Mediterrancan Rcgion
Ibero-Maghribian Domain

Saharo-Arabian Region
Northern Sahara

Sahara-Arabian Region
Central Sahara Plains

Saharo-Arabian Region
Sahara Highlands

Sahara-Arabian Region
Southern Sahara

Sudano Angolan Region
Sahelian Domain

Zone
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rates. A number of tropical species arc harboured
in northern Sahara where the mean daily January
minimum is above SOC and in situations where
the topography creates favourable local condi-
tions, e.g., around Biskra and Tindouf in Algeria.

Conversely, when low winter temperature as
induced by altitude, occurs in the tropical ZllIH':S,

the Mediterranean species become numerous and
dominant, as above 2000-25ll0 m in the Ahaggar,
Tibesti, Mouydir and Ahnet mountains. It shows
that the distribution of Mediterranean taxa or
Mediterranean kinship is linked as much to winter
temperature as to the rainfall regime. This point
alone dispels the popular stercDLype of the Sahara
being just a hot deserl. We have provideu other
evidence to uispcl the notions of it being uniformly
ury or devoid of \\:getation.
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