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Plant diversity in Marmarica (Libya & Egypt) : a catalogue of the
vascular plants reported with their biology, distribution, frequency,
usage, economic potential, habitat and main ecological features, with
an extensive bibliography

HENRY NOËL LE HOUÉROU

ABSTRACT

LE HOUÉROU, H. N. (2004). Plant diversity in Marmarica (Libya and Egypt): a catalogue of
the vascular plants reported with their biology, distribution, frequency, usage, economic potential,
habitat and main ecological features, with an extensive bibliography. Candollea 59: 259-308. In English,

English and French abstracts.

Marmarica, as it is called since antiquity, is the natural region located between the Jebel Lakhdar
of Cirenaica and the Nile Delta over an E-W distance of 750 km. It covers an area of 220000 km2

along the southern shore of the Mediterranean Sea between longitudes 23°E and 30°E. It is a typically
Mediterranean arid zone in the northern fringe along the shoreline, shifting slowly to absolute desert

southwards on a depth ofca. 300 km. Mean annual rainfall is slightly below 200 mm in the northernmost

sites dropping to 10 mm at the oases ofJarabub and Siwa 300 km further south. The flora belongs

to the Ibero-Maghribian entity of the Mediterranean phytogeographic region with some Saharo-

Arabian and Irano-Turanian elements. It includes an overall 1015 vascular taxa representing 48% of
the Egyptian flora and 53% of the Libyan flora. Eighteen taxa are endemic to the region. Flora and

vegetation are very homogenous and strongly influenced by 3 types of farming : 1 irrigation between

Alexandria and El Alamein (ca. 100 km W of the Nile); 2) runoff farming in the valleys along the

wadis of the coastal plains with episodic mixed dry farming of cereals; 3) grazing on fallow, stubble
and the depleted steppes on the interfluves. Vegetation and flora are strongly influenced by the impact
ofman: virtually all of the pristine steppe vegetation still present, and mapped in the years 1960's have

now been cleared for opportunistic farming. This situation has heavily imprinted on the flora and

vegetation now dominated by «weeds». The present study presents a catalogue of the native taxa

reported in both the Libyan and Egyptian part of Marmarica with their biology, abundance, frequency
of occurrence, geographic distribution, economic and grazing potential, utilization and ecological
requirement traits in terms of climate and soils. An extensive bibliography is provided.

RESUME

LE HOUÉROU, H. N. (2004). Diversité botanique de la Marmarique (Libye et Egypte): catalogue
des plantes vasculaires inventoriées avec leur biologie, répartition, fréquence, usage économique,
habitat et caractéristiques écologiques principales, suivi d'une bibliographie étendue. Candollea 59:
259-308. En anglais, résumés anglais et français.

La région naturelle de Marmarique, connue sous ce nom depuis l'Antiquité, est située entre le Jebel

Lakhdar de Cyrénaïque et le delta du Nil sur une distance O-E de 750 km. Elle couvre une aire
de 220000 km2 le long de la côte sud de la Méditerranée entre les longitudes 23°E et 30°E. Elle se

présente comme une zone aride typiquement méditerranéenne dans sa partie nord le long de la côte,

évoluant progressivement vers un désert absolu sur une distance d'environ 300 km. La pluviosité
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moyenne annuelle est légèrement au-dessous de 200 mm dans les sites situés le plus au nord

pour descendre progressivement à 10 mm dans les oasis de Jaraboub et de Siwa, situées à 300 km

plus au sud. La flore appartient à l'entité phytogéographique ibéro-maghrébienne de la région botanique
méditerranéenne avec quelques éléments saharo-arabiques et irano-touraniens. Elle comprend un
total de 1015 taxa vasculaires représentant 48% de la flore égyptienne et 53% de la flore libyenne.
Dix-huit taxa sont endémiques de la région. La flore et la végétation sont zonalement très homogènes

et fortement influencées par la culture. Les cultures sont de trois types: 1) cultures irriguées
d'Alexandrie à El Alamein à environ 100 km à l'O du Nil; 2) cultures arbustives avec utilisation du

ruissellement le long des oueds dans la plaine côtière; 3) cultures sèches épisodiques de céréales

avec des jachères pâturées sur les interfluves jusqu'à environ 50 km au S de la côte, là où le sol le

permet. Les sols squelettiques superficiels à crôute calcaire constituent un pâturage généralement
très dégradés. La végétation originelle, encore présente dans les années 1960, a maintenant été

défrichée au profit de cultures céréalières opportunistes. Cette situation se répercute sur la flore et

la végétation maintenant largement dominées par des «mauvaises herbes». La présente étude est

un catalogue des taxa présents en Marmarique tant libyenne qu'égyptienne, avec des indications sur
leur biologie, répartition géographique, fréquence, et leurs principales exigences écologiques
en matière de climat et de sols, leur utilisation actuelle, leur potentiel économique et pastoral. Une

bibliographie étendue est fournie.

KEY-WORDS: Mediterranean - Arid lands - Land-use - Steppe - Rangeland - Desert - Sahara -
Libya - Egypt - Phytogeography - Flora - Vegetation - Ethnobotany

1. Introduction: the geographic setting

The geographic natural region known since antiquity as Marmarica encompasses the land
located immediately south of the Mediterranean Sea between longitudes 23° and 30°E, i.e. from
40 km E of Derna and Cyrenaïca's highlands to Alexandria and the Nile Delta. The region extends
from the shore line (lat 31° to 32.5°N) to the oases of Jarabub and Siwa (ca. lat 29°N) some
300 km further south in the inland desert (Map 1).

Mannarica is a very homogenous region on many accounts from the stand points of climate,
geology, geomorphology, flora and vegetation. Marmarica thus appears as a self contained
écologie and biogeographic unit split in two uneven parts by the political border between Libya
and Egypt. The region as a whole covers ca. 220000 km2, % of which are in Egypt and xh in Libya.
A detailed zoning is shown in § 4.2, 'area of distribution'.

From the geomorphic standpoint one may distinguish:
The shoreline generally covered with marine white dunes lying on a upper Pliocene and

Holocene more or less consolidated beach ofStrombus bubonius. The width of the dune zone may
reach one km and locally more. Their height may reach 20 m and locally more. Some salt marshes

may interrupt the duney offshore lines. The salt marshes are generally tied to the lower reaches of
the main wadis. The area covers an area of some 750 km2.

The coastal plain, with its valleys and wadi terraces extends from the dune zone to the first
escarpment of the inland plateau. It is mainly formed of silty soils, locally moderately saline, sandier
to the east, and generally cultivated either to cereals or to tree crops : fig-trees, olive, almond, grapes,
date palm, etc. the width of the coastal plain varies from ca. 1 km to ca. 10 km. In the coastal plain
also emerge a number (1 to 5, usually 3) ridges parallel to the shoreline made of soft oolithic
Tyrrhenian (5000-15000 yrs old) sandstone/limestone, very much in demand as building material
and heavily quarried between Borg et Arab and El Alamein. This Tyrrhenian oolithic calcareous
sandstone bright white when fresh, turning to an ivory colour when exposed or wheathered, is

common along the southern shores of the south eastern Mediterraneran from Cap Bon in Tunisia
to S Turkey and everywhere popular as building material. The area covered by the coastal plain
is of ca. 3750 km2.
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The inland plateau is made of Mio-Pliocene outcrops of sandy limestone interspred with
sandstones, shales and occasionally unconsolidated interbedded sands (CONANT & GUDARZ1,
1964). Some upper Miocene limestones may be fairly saline containing as they do 1-5% NaCl.
This is quite unusual as the conditions of sedimentology of CaC03 and NaCl are normally not
compatible. The salinity of these limestones is thus probably secondary, i.e. post-depositional.
These saline limestones, wherever they outcrop directly, are generally covered with a halophytic
steppe, often monospecific populations of Suaeda pruinosa and sometimes with Limonium
pruinosum and/or L. tubiflorum as co-dominant companions. This is also a very unusual fact of
typical perennial halophytic vegetation straight on well drained hard limestone geologic outcrops,
with, of course, the exception of Triassic and other diapirs on which they are commonplace, but
there are no diapirs in the region.

The inland plateau is generally covered with an upper and mid-Pleistocene calcrete 30-50 cm
thick, very hard, salmon cloured with many Helix spp. inclusions, hence the often given name of
«salmon crust of Helicideae» by the French speaking geologists and soil scientists. This calcrete
is often quarried or bulldozed as a building material and/or for road construction.

One may distinguish there levels of the inland plateau raising respectively to ca. 50, 100 and
ca. 200 m a.s.l., then softly declining southward (ca. 0.3% slope) to sea level or slightly below
towards the oases of Siwa and Jarabub, and to -134 m at the bottom of the Qattara depression. The
highest level is reached towards 50 km south of the shoreline. The inland plateau occupies an area
of ca. 195500 km2.

The Qattara depression extends to some 25000 km2 in the SE corner of the region north
east of Siwa to the Fayoum depression from sea level down to -134 m, and -40 m in the Fayoum.
The depression is covered with dry salt marshes and locally with halophytic vegetation (Arthro-
cnemum, Atriplex, Chenolea, Halocnemum, Halopeplis, Imperata, Limonium, Limoniastrum,
Nitraria, Phragmites, Salicornia, Sarcocornia, Salsola, Seidlitzia, Suaeda, etc.).

The climate is arid Mediterranean on the north to 50 km from the shoreline (REGNER, 1997),
hyper-arid Mediterranean from 50 to 100 km southwards and Eremaean-Mediterranean (the scanty
rain always occur in the winter season) further south. Details are shown in the ombrothermal
digrammes (LE HOUÉROU, 1989) and in the data and bioclimatic classification (FANTOLI, 1952;
MAGGAZINI, 1963; FATHY & MEHANNA, 1980; LE HOUÉROU, 1984; AYYAD & VAN
KREULEN, 1987; LE HOUÉROU, 1989; LE HOUÉROU, 1997b). The highest mean annual
rainfall is slightly below 200 mm (Alexandria, Dekheila, Ras el Hekma, Ftaiah, Martuba) to the
north dropping to 10 mm in Jarabub and Siwa.

2. The sources

The present catalogue results from the following information and data base :

1. Durand and Baratte's Plantae Libycae Prodromus (DURAND & BARATTE, 1910)
contains a synoptic table with. 303 taxa from the region called Turkish Marmarica
(i.e. Libyan Marmarica).

2. The Student's flora of Egypt by Vivi Täckholm (TÄCKHOLM, 1974) includes
475 references to the flora of Marmarica, to which I added 155 taxa.

3. The Flora ofEgypt. Checklist by L. Boulos (BOULOS, 1995) contains reference to
960 taxa from Marmarica, to which I added 30 taxa.

4. The Flora ofLibya (ALI & JAFRI, 1976-1977; JAFRI & EL-GADI, 1977-1989).
5. The Preliminary check list of the Libyan flora by H. G. Keith (KEITH, 1965) and Check

list of the Libyan flora by L. Boulos (BOULOS, 1977, 1979).
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6. My book on the bioclimatology and biogeography of the arid steppeland north of the
Sahara (LE HOUÉROU, 1995) lists 1178 species and subspecies of vascular plants in
the Egyptian and Libyan steppes.

7. Data from the 146 scientific publications on the vegetation of NW Egypt, listed in the
bibliography; many of these phytosociological surveys provide useful and detailed
information on plant distribution in Egyptian Marmarica; all of them are not quoted in
the text, tables and figures, they are nonetheless listed as a potential source of information

and possible starting points for further investigations.

8. My own unpublished field data which include 250 site-surveys ("relevés" in the
phytosociological jargon) in Egyptian Mannarica from 1988 to 1998 and 300 other relevés
in Libyan Mannarica from 1964 to 1966 and froml981 to 1983, which makes a total of
550 site plant-lists for overall Marmarica.

9. A third check list of the Libyan flora is not yet published.

3. General

The following catalogue identifies 1009 species present in Marmarica from Alexandria to
Ras el Tin (40 km E of Derna), on a depth of 300 km from the Mediterranean shore inland. There

are, in addition, some 6 subspecies, i.e. a total of 1015 epithets of vascular plants (there are only
2 species of ferns and 3 gymnosperms).

The close concurrence between BOULOS (1995) and LE HOUÉROU (1995), and both of
them with the following catalogue ought to be underlined.

As suggested above, the following catalogue identifies 1015 taxa; of these, some:

- 534 taxa (53% of the flora) have virtually no grazing value.

- 476 (47% of the flora) are weeds of unknown utilization to me.

- 389 (38% of the flora) have a mediocre grazing value (scoring 1 to 3 on the evaluation
scale).

- 96 (10% of the flora) constitute good grazing taxa (scoring 3 to 5 on the evaluation scale).

- 12(1% of the flora) are excellent fodder taxa, i.e. actual or potential fodder crops, including
some shrubs.

- 47 (5% of the flora) are toxic to stock (see § 4.2, 'grazing value').

- 98 10% of the flora) are shrubs and trees (see § 4.2, 'biological type').

- 118 (12% of the flora) are halophytes.

- 177 (17% of the flora) are psammophytes.

- 104 (10% of the flora) are hygrophytes.

- 33 (3% of the flora) are hydrophytes.

- 56 (6% of the flora) are nitratophytes.

- 55 (5% of the flora) are chasmophytes.

- 18 (2% of the flora) are parasites or hemi-parasites.

- 138 (14% of the flora) have an actual or potential medicinal usage; for details on these
medicinal usages (see BOULOS, 1983).

The systematic order, taxonomy and synonymy utilized follow BOULOS (1995) with few
exceptions e.g. Rhamnus lycioides subsp. oleoides in Boulos is R. oleoides here, since, rightly or
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wrongly, opposite to Boulos, I consider this taxon as quite a valid species on its own right. Some
species have been added (e.g. Helianthemum kahiricum and Periploca angustifolia) and others
removed (e.g. Meclicago sativa) from the Boulos checklist. Some 12 species are recorded herein for
the first time in Matmarica, e.g. Acacia ehrenbergiana «Seyal», recently reported by a bedouin from
Wadi Iskanderia, ca. 150 km NE of Siwa (100 km E of Bir Nousf) (G. S. Mikhiel, pers. comm.).
I should specify that 1 did not see this tree myself. I am only reporting information collected by
someone else, which seemed plausible to me, from the description of the tree, of its fruit, and from
the vernacular name given to it by nomads. This information requires confirmation, this is why
1 report it herein.

4. Attributes Coding

4.1 General

Table 3 shows the rating of the 92 parameters mentioned below, in addition to the scientific
epithets and vernacular names. They are distributed in 12 groups in Table 3.

I. & 2. Scientific name (genus, species & subspecies).

3. Botanic family.
4. Local vernacular names are, to a large part, taken in TÄCKEIOLM (1974), BOULOS

(1983) and LE FLOC'H (1983), and from BOULOS & EL HADIDI 1984), with some
additions and corrections from my own field experience, transliteration and transcription
follow the mentioned sources.

5. Frequency status.

6. Area of distribution in 5 parallel belts from the Mediterranean shore to some 150 km
inland, i.e. from a mean annual rainfall (MAR) belt of ca. 150 mm to less than 25 mm,
then a sixth zone between 150 and 300 km from the shoreline, corresponding to the
Eremaean zone or true desert with 25 to 10 mm of MAR.

7. Biological type.
8. Life span.

9. Habitat.

10. Utilization.

II. Grazing value on an evaluation scale.

12. Biological, ecological and other miscellaneous remarks.

4.2 Codes

Below are presented explanations of codes of Table 3 for 'frequency', 'area of distribution',
'biological type', 'life span', 'habitat', 'utilization', 'grazing value' and 'remarks' respectively.

Frequency status

CC Very common

C Common

FC Fairly common

FR Fairly rare

R Rare

RR Very rare
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This rating results from TÄCKHOLM (1974), from the many phytosociological studies
published and mentioned in the bibliography and also from my own field notes.

Area ofdistribution
I 0-2 km from Mediterranean shoreline: ca. 750 km2

II 1-10 km inland steppe: ca. 3750 km2

III 10-25 km inland steppe: ca. 9375 km2

IV 25-50 km inland desert: ca. 18750 km2

V 50-150 km inland hyper-arid zone : ca. 75 000 km2

VI - 150-300 km inland Eremaean zone : ca. 112 500km2 (including the Qattara depression :

25000 km2)
The total area is ca. 220125 km2.

Biological type
C Crassulescent fleshy halophyte)
CH Crassulescent fleshy herb)
CI Climber
F Fem
Fr Frutescent herbaceous with a woody base)

H Herbaceous (forb & grass)
Par Parasite & hemi-parasite
S Shrub
CS Crassulescent shrub fleshy halophyte)
DS Dwarf shmb (h < 50 cm)
HS Tall shrub (h > 50 cm)
TS Trailing shrub
Su Succulent fleshy glycophyte)
T Tree (h > 3 m)

Life span
A Annual therophyte)
B Biennal
P Perennial
Sh Short-lived perennial pauciennial)

Habitat
Bra Brackish water
Can Canals

Cli Cliffs
Coa Coastal littoral)
Con Continental
Cul Cultigene, rainfed crops and fallows
Des Desert (MAR <100 mm)
Dne Dunes
Frw Fresh (sweet) water
Irr Irrigated land

Rge Rangeland
Roc Rocks
Run Runnels
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Sea Open sea water
Sha Shallow soils
Snd Sandy soils
Sit Salt marshes

Ste Steppe
Wad Wadis & topographic depression
Wei Wells
Wet Wetland
Wld Wasteland

Utilization
Cro Crop
Fen Fencing (live)
Fsh Fodder shrub
Fue Fuel wood
Gra Grazing
Flan Flandicraft
Med Medicinal & herbal
Non None
Orn Ornamental
Sbi Sand binding
Unk Unknown
Veg Vegetable, salad, fruit, human food
Wbr Windbreak

Grazing value
T Toxic
0 No value
1 Poor
2 Mediocre
3 Fair
4 Good
5 Excellent (fodder crops, inch shrubs)

Remarks
Cha Chasmophyte (craks, crevices, diaclases)
End Endemic (restricted to Marmarica)
Ere Eremophyte desert plant)
Fee Fencing material
Fod Fodder (actual or potential)
FoRe Forest relict
Gly Glycophyte non tolerant to salinity in generally halophytic groups)
Hal Halophyte (salt - tolerant)
Hyd Hydrophyte (living in free water)
Hyg Hygrophyte (living in wet soils)
Nat Naturalized xenophyte
Nit Nitratophyte (on nitrates-rich soils)
Pel Pelophyte (on clay soils)
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Phr Phreatophyte (on water table)
Psa Psammophyte (on sandy soils)
Sil Limonophyte (on silty/loamy soils)
S04 Gypsophyte (on gypsic soils)
Sum Summer growing
Tac Tachytherophytes (very short lived annuals: Aacheb - Ghizzu)
Wee Weed (in range or crop)

4.3 Interpretation ofthe Plant Biodiversity Table (Table 3)

4.3.1 Analysis oftheflora
Table 3 contains:

86 families of vascular plants, out of a total of 121 for the overall flora of Egypt (71%) and
168 (51%) for Libya.

451 genera out of an overall 742 (61 %) for Egypt and 845 (53%) for Libya.
1015 species and subspecies which contain 777 dicots, 233 monocots, 3 gymnosperms and 2

ferns.

The overall vascular flora of Egypt includes 2121 taxa; the flora of Marmarica thus
represents nearly half the Egyptian flora in terms of taxa numbers (47.9%). The flora of
Libya includes 1930 taxa (2200 with the xenophytes); Marmarica as a whole thus represents the

equivalent of some 53% of the country's flora. But this is not a realistic account since the flora
of Libyan Marmarica does not exceed 400 taxa and thus the Libyan Marmarica flora is only 21 %

400/1930) of the national vascular flora.

The largest families are as follows for both Marmarica and Egypt:

Table 1. - Family Richness

Families Libya
Nr of spp. %

Marmarica
Nr of spp. %

Egypt
Nr of spp. %

Compositae 277 14.4 128 12.6 230 10.8

Gramineae 238 12.3 130 12.8 277 13.1

Leguminosae 210 10.9 104 10.2 233 11.0

Cruciferae 116 6.0 62 6.1 102 4.8

Chenopodiaceae 64 3.3 51 5.0 77 3.6

Boraginaceae 53 2.7 32 3.2 55 2.6

Caryophyllaceae 66 3.4 41 4.0 85 4.0

Umbelliferae 85 4.4 30 3.0 51 2.4

Cyperaceae 28 1.5 25 2.5 44 2.1

Convolvulaceae 18 0.9 22 2.2 48 2.3

Labiatae 64 3.3 16 1.6 55 2.6

Scrophulariaceae 38 2.0 13 1.3 62 2.9

Total 1257 65.1 654 64.4 1319 62.2

The 27 larger genera in taxa numbers are shown in Table 2.
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Table 2. - Number of taxa in the major genera

Genera Nr of spp.

Libya Marmarica Egypt

Euphorbia 19 19 42

Medicago 21 16 18

Plantago 15 14 18

Allium 9 13 22

Silene 19 13 24

Trifolium 22 13 19

Erodium 16 12 14

Convolvulus 16 12 23

Astragalus 29 11 32

Atriplex 14 11 15

Centaurea 8 10 16

Cyperus 6 10 23

Helianthemum 19 10 23

Lotus 17 10 12

Salsola 12 10 20

Reseda 7 9 14

Trigonella 8 9 11

Amaranthus 4 8 11

Bromus 9 8 11

Fumaria 8 8 16

Persicaria 1 8 8

Bellevalia 1 7 8

Echium 13 7 12

Limonium 13 7 7

Scirpus 1 7 7

Suaeda 7 7 9

Vicia 11 7 9

Total n 325 276 444

% of flora 17 27 21

The above tables shows that the flora of Marmarica is, by and large, similar to that of the two
countries as a whole in its proportions.

It is worth noting that genera having many taxa of hygrophytes or of halophytes are particularly

well represented in Egyptian Marmarica:

Hygrophytes Halophytes

Cyperus Atriplex

Persicaria Limonium

Scirpus Salsola

Trigonella Suaeda
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The same remark applies to genera with many weeds, nitratophytes and wasteland taxa:

Hygrophytes Halophytes

Allium Euphorbia

Amaranthus Fumaria

Bellevalia Medicago

Bromus Reseda

Centaurea Silene

Echium

In terms of endemics, BOULOS 1995) recognizes 61 endemic taxa in Egypt of which
over half are from Sinaï. Marmarica is poorer in this respect since we only record 19 species and
subspecies :

Allium blomfeldianum E Lepidium aucheri E & L

Allium desertorum E & L Nigella arvensis subsp. taubertii E & L

Allium mareoticum E & L Pancratium arabicum E & L

Allium myrianthum E Silene fruticosa E & L

Carduncellus mareoticus E & L Silene biappendiculata L

Echinops taeckholmianus E Teucrium brevifolium E & L

Ebenus armitagei E & L Verbascum letourneuxii E & L

Ferula marmarica E & L Viola scorpiuroides E & L

Helianthemum sphaerocalyx E Zilla spinosa subsp.biparmata E & L

Herniaria cyrenaica L

E Egyptian endemics; L Libyan endemics.

As one can see most endemics are shared between the two sub-regions.

Microendemism (varieties are not considered in Table 3) is represented by the following:

- Centaurea conglomerata var. claviceps, Pituranthos tortuosus var. virgatus var. arcuatus
Le Houérou).

— Vicia calcarata var. marmarica.

4.3.2 Floristic similarities and differences between Libyan and Egyptian Marmarica

There are some 24 taxa from the Libyan side of Marmarica that have not been reported from
the Egyptian part:

Juniperus phoenicea, Paretaria lusitanien, Blitum virgatum, Atriplex mollis. Diplotaxis
simplex, Sinapispubescens, Euphorbia bivonae, Olea europaea subsp. oleaster, Phyllirea media,
Pergularia tomentosa, Calotropisprocera, Convolvulus supinus, C. tricolor, Cuscuta europaea,
C. epithymum, Scaligera cretica, Borago officinalis, Ballota pseudo-dictammus, Rhanterium
suaveolens, Asparagus stipularis, Castellia tuberculata, Melica minuta, Elytrigia cristata, E. juncea.

These include a number of taxa linked to the Libyan semi-arid vegetation of Cyrenaïca
which extends into nearby eastern Marmarica, for reason of vicinity. Conversely there are some
625 taxa present in Egyptian Marmarica which are lacking on the Libyan side of the political border.
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These are mostly hydrophytes, hygrophytes, helophytes and wetland taxa tied to canals, ponds,
irrigation and agriculture such as, but not limited to, the following 21 genera and 68 species:

Persicaria, 8 species, Ranunculus, 4 species, Lythrum, 3 species, Ammania, 4 species,
Centaurium, 3 species, Damasonium, 1 species, Najas, 3 species, Potamogeton, 4 species, Ruppia,
2 species, Juncus, 6 species, Leersia, 1 species, Spirodela, 1 species, Lemna, 1 species, Pseudowolfia,
1 species, Typha, 1 species, Carex, 2 species, Schoenus, 1 species, Fimbristylis, 2 species, Scirpus,
7 species, Eleocharis, 3 species, Cyperus, 10 species.

4.3.3 Frequency status (see § 4.2 for abbreviations)

Frequency status Nr of spp. Subtotal % Subtotal

cc 204 489 20.1 48.2

c 168 16.6

FC 117 11.5

FR 81 525 8.0 51.8

R 269 26.5

RR 175 17.3

Total 1014 1014 100 100

The above table shows that rare taxa are slightly more numerous than the common ones,
a fact that could be interpreted as one more evidence of the intensive anthropization of the
Marmarica vegetation and flora.

4.3.4 Area ofdistribution (see § 4.2 for abbreviations)

Area of distribution Nr of spp. %

I 33 3.3 Shoreline

l-ll 683 67.3 Shore and coastal plain steppe
l-lll 186 18.3 Shore and steppe
l-IV 22 2.2 Shore, steppe and desert

l-VI 10 1.0 Shore, steppe, desert and

Eremian zone
II-III 10 1.0 Steppe
ll-IV 21 2.1 Steppe and desert

ll-VI 4 0.4 Steppe, desert & Eremian

lll-IV 9 0.9 Desert and Eremian

lll-VI 37 3.6 Desert and Eremian

Total 1015 100

The above table shows that the shore and steppe zones include some 90% of the taxa while
less than 10% are restricted to the desert. The shore and steppe zones include the newly irrigated
land west of the Nile Delta (El Amariya, El Nobariya, El Hammam, Borg el Arab, etc.) which
significantly contributes to this richness.

This zone includes some 148 taxa tied to irrigation and wetlands and free water areas (canals,
ponds).
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4.3.5 Biotypes (see § 4.2 for abbreviations)

Biological types Nr of spp. %

CH 26 2.5

CI 11 1.1

F 2 0.2

Fr 50 4.8

H 816 79.0

Par 18 1.7

S 3 0.3

CS 25 2.4

DS 20 1.9

HS 37 3.6

TS 10 1.0

Su 6 0.6

T 9 0.9

Total 1033 100

The total number of taxa is superior to 1015, the codes being not mutually exclusive.

Biotypes are largely dominated by herbaceous taxa (CH, F and H 82% of the flora), i.e. 844
taxa. Woody or partially woody taxa (T, S and Fr) represent only 6% of the flora, i.e. 62 taxa. The
number of succulent taxa (fleshy glycophytes) is negligible (6). The same remark applies to climbers
(11). Crassulescent shrubs (CS) and crassulescent herbs (CH) are halophytes; they number 51 ; half
of them are Chenopodiaceae.

4.3.6 Life span (see § 4.2for abbreviations)

Life span Nr of spp. %

A 575 54.9

B 27 2.6

P 433 41.3

Sh 13 1.2

Total 1048 100

The total number of taxa is superior to 1015, the codes being not mutually exclusive.

Annual taxa constitute 55% of the flora; most are herbaceous. Biennials and short lived
perennials (pauciennials) represent an insignifant proportion (4%).
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4.3.7 Habitat (see § 4.2for abbreviations)

Habitat Nr of spp. %

Bra 3 0.2

Can 24 1.3

Cli 38 2.1

Coa 31 1.7

Con 4 0.2

Cul 453 25.5

Des 36 2.0

Dne 12 0.7

Frw 24 1.3

Irr 32 1.8

Fige 288 16.2

Roc 32 1.8

Run 24 1.4

Sea 5 0.3

Sha 33 1.9

Snd 75 4.2

Sit 64 3.6

Ste 145 8.2

Wad 47 2.6

Wei 4 0.2

Wet 96 5.4

Wld 308 17.3

Total 1778 100

The total number of taxa is superior to 1015, the codes being not mutually exclusive.

The above table shows that the area under study is a very disturbed one, subjected to heavy
anthropogenic pressure, since the field and fallow taxa (Cul) represent 26% of the flora while those
from wastelands (Wld and Wet) are 404 i.e. another 23%. The total of taxa from disturbed land
thus represents 49% of the flora. This is further confirmed by the analysis of the features related
to ecology and utilization as shown below. The taxa related to water and wet soils (Bra, Can, Frw,
Irr & Wet) are 179, i.e. 10% of the flora.
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4.3.8 Utilization (see § 4.2for abbreviations)

Features Nr of spp. %

Cro 6 0.5

Fen 6 0.5

Fsh 10 0.9

Fue 31 2.7

Gra 410 36.3

Flan 8 0.7

Med 138 12.2

Non 473 41.8

Orn 18 1.6

Sbi 5 0.4

Unk 5 0.4

Veg 17 1.5

Wbr 4 0.4

Total 1131 100

The total number of taxa is superior to 1015, the codes being not mutually exclusive.

A total of 478 taxa (42% of the flora) have no use or an unknown utilization; this confirms
the data from subsection 4.3.7 on habitat; a substantial number of taxa, however, is utilized for
grazing (410, i.e. 36% of the flora). A third trait has a significant number: the medicinal and herbal
taxa (138, i.e. 12% of the flora).

4.3.9 Grazing value (see § 4.2 for abbreviations)

Parameter Nr of spp. Subtotal % Subtotal

T 47 581 4.6 57.3

0 534 52.7

0-1 2 337 0.2 33.2
1 126 12.4

1-2 44 4.3

2 132 13.0

2-3 33 3.3

3 54 96 5.3 9.5

3-4 13 1.3

4 13 1.3

4-5 4 0.4

5 12 1.2

Total 1014 100 100

The above table shows that 96 taxa in the flora (9.5%) have a fair to good grazing
value. Unfortunately most of those have become rare and none of them is dominant. It shows,
however, that the flora has still, in principle, a good potential for range regeneration, if the land
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were appropriately managed. The depletion is not yet beyond repair. The number of taxa with
a low grazing value is 337 (33%) while those of no grazing value or toxic (poisonous) to stock
are 581 (57%); this confirms, once more, the previous diagnosis: heavy anthropozoic pressure on
disturbed and depleted land and vegetation.

4.3.10 Remarks and edaphic biological and ecological classification (see § 4.2for abbreviations)

Traits Nr of spp. %

Cha 55 4.4

End 18 1.4

Ere 42 3.4

Fod 14 1.1

Gly 13 1.0

Hal 118 9.5

Hyd 33 2.6

Hyg 104 8.3

Nat 10 0.8

Nit 56 4.5

Pel 24 1.9

Phr 16 1.3

Psa 177 14.2

Sil 46 3.7

S04 23 1.8

Sum 21 1.7

Tac 39 3.1

Wee 439 35.2

Total 1248 100

The total number of taxa is superior to 1015, the codes being not mutually exclusive.

Again, the taxa from disturbed land are in large numbers (Wee + Nit 495 i.e. 40% of the
flora).

Psammophytes are in sizeable numbers (14% of the flora) and often make up the best
grazing; hygrophytes and hydrophytes make up 11 % of the flora and halophytes 10%.
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Chasmophytes are not in large numbers but they have a important role as cliffs and rocks
constitute a refuge where species that have become rare can find shelter and relative protection due
to a relative site inaccessibility to man and stock. Many cliffs, runnels and wadis constitute sites
of high biodiversity, where 50 to 100 ± rare species can be found over an area of 1000 m2. Among
those one may include :

Allium mareoticum
Anabasis oropediorum
Artemisia herba-alba
Capparis rupestris
Convolvulus oleifolius
Dactylis hispanica
Dichanthium annulation
Echiochilon fruticosum
Euphorbia dendroides
Euphorbia bivonae
Euphorbia hierosolymitana
Fagonia cretica
Globularia arabica
Helianthemum sessiliflorum
Helianthemum sphaerocalyx
Hyparrhenia hirta
Lotus creticus

Micromeria nervosa
Moricandia nitens
Oryzopsis mUiacea
Periploca angustifolia
Phagnalon rupestre
Phlomis fruticosa
Polygonum equisetiforme
Prasium majus
Rhamnus oleoides
Rhus tripartita
Silene fruticosa
Silene vulgaris
Thymus capitatus
Varthemia candicans
Verbascum letourneuxii
Ziziphus lotus

As mentioned above the large number of hydrophytes and hygrophytes reflects the presence
in the eastern part of Marmarica of large irrigated zones, west of Alexandria.

Biodiversity has been herein evaluated on a 6 degrees scale according to the number of species
recorded, in spring-time, over a standard sampling area of 2500 m2 ('A hectare or 0.6 feddan):

1: 0-10 - Depleted / Desertized 4: 40-60 - Medium
2: 10-20 - Poor / Low 5: 60-80 - Good
3: 20-40 - Fair 6 : > 80 - Outstanding

5. Conclusions

Marmarica is a botanically rich province, considering its climatic aridity, since it harbours almost
50% of the Egyptian flora and 21 % of the Libyan flora, similar in that to Sinaï (same size : 960 taxa).
The 1015 Marmarican taxa represent the equivalent of 37% of the Saharan flora on only 2.6% of the
surface area. Sinaï, however, due to its high mountains, has a higher rate of biodiversity, with
31 endemic taxa vs 18 for Marmarica. The same rationale applies to the comparison between Libyan,
Marmarica and Cyrenaïca. The latter, due to its semi-arid and locally sub-humid bioclimate, its
forest vegetation and its geographic isolation is an «island of endemicity» with some 100 endemic
taxa and many micro-endemics, for an overall flora of ca. 900 taxa, i.e. 11 % vs less than 3% for
Egypt, ca. 1.8% for Marmarica as a whole, 4% for the Libyan part and 1.8% for the Egyptian part.

The Marmarica flora belongs to the Ibero-Maghribian sub-province of the Mediterraneo-steppic
province within the Mediterranean phytogeographic region; some Irano-Turanian and Saharo-
Arabian elements are also present due to the vicinity of these two phytogeographic entities but
they represent less than 10% of the flora each, while the tropical element is almost absent. But
Egyptian Marmarica, likewise the Nile valley and delta, harbours a large number of cosmopolitan
and pluriregional taxa tied to irrigation. Conversely Libyan Marmarica where irrigation is scant
does not possess this cosmopolitan flora. These facts were carefully analysed in detail in my opus
of 1995 on the bioclimatology and phytogeography of the arid steppes N of the Sahara and its more
recent synthesis in English language (LE HOUÉROU, 2001
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An important characteristic of the Marmarica flora and vegetation is their high degree of
anthropization. Most pristine steppes (e.g. ofArtemisia herba alba) are reduced to a few scattered
plots of a few feddans 1 feddan 1 acre 4200 m2). The only one of any size I could find had
about 20 ha at ca. 12 km E of Sidi Barrani along the highway to Marsa-Matruh, it was only made
possible by the initiative of a «conservative» settled farmer. According to the FAO (1970) range
map «Shih» steppes still covered some 220000 hectares W of El Alamein in the late 1960's mostly
between El Alamein and Fuka (187500 ha) with two nuclei S and E of Sidi Barrani (12500 ha)
and SW of Negheila (22500 ha) (FAO, 1970; VAN DER VEEN & al„ 1968).

Species that are sought for by man and livestock find (temporary?) refuge in cliffs, runnels,
wadi canons and rocks. If some action is to be taken for the restoration of biodiversity it should be
a total protection (exclosure) of these refuges.

Many other conclusions could be drawn from Table 3 through the systematic study of
correlations between a number of parameters such habitat and utilization, grazing value versus
families and genera, etc. I leave this studies to the potential users of the present work. I have
proposed a concrete programme of conservation to protect the relict species, as a potential source
of drought-tolerant and potentially economic germplasm material for arid-land revegetation
(LE HOUÉROU, 1998e). As feared, nothing happened after four years, in spite of the fact that the
resources were available, from a IBRD loan, to carry out such a programme.

ACKNOWLEDGEMENTS

The author is endebted to Prof. Loutfy Boulos, Cairo, Dr. Edouard Le Floc'h, Montpellier, and three anonymous reviewers

for pertinent comments on the draft. He is also thankful to Mr Pascal Maier and Ms Anne-Marie Rosier from the library
of Montpellier II University for their useful contribution to setting up some of the bibliographic references.

REFERENCES

The present bibliography is meant to cover the various aspects of vegetation and rangeland sciences in Egyptian
and Libyan Marmarica. It includes some 170 references; it is believed to be fairly exhaustive, covering both formal and

informal scientific publications, including the so-called «grey literature». Not all of them are mentioned in the text, tables

or figures.

ABDEL-KADER, F. (1980). Soil erosion. REMDENE n° 1,4: 4/1-4/27. University of Alexandria.

ABDEL-KADER, F. (1981). Semi-detailed soil survey, El Omayed pilot area. REMDENE n° 2, 3(3): 8-33. University
of Alexandria.

ABDEL-RAHMAN, A. A., M. A. AYYAD & M. M. EL-MONAYARI (1966). Hydroecology of the sand dune habitat
at Burg-el-Arab. Bull. Fac. Sei. Cairo Univ. 40: 29-54.

ADEL-RAHMAN, A. A. & M. A. HAMMOUDA (1960). Vegetation development in fenced areas at Ras-el-Hekma in four

years. U.A.R. J. Bot. 3: 1-11.

ABDEL-RAZIK, M. (1976). A study on the vegetation composition, productivity and phenology in a Mediterranean desert

ecosystem at Omayed (Egypt). MSc thesis. University of Alexandria. 106 p.

ABDEL-RAZIK, M., M. ABDEL-AZIZ & M. A. AYYAD (1984). Multivariate analysis of vegetational variation in
different habitats of Omayed (Egypt). Vegetatio 57: 167-175.

ABDEL-RAZIK, M., M. A. AYYAD & S. HENEIDY (1988a). Phytomass and mineral composition in range biomass of a

Mediterranean arid ecosystem (Egypt). Acta Oecol., Oecol. PI. 9: 359-370.

ABDEL-RAZIK, M., M. A. AYYAD & S. HENEIDY (1988b). Preference of grazing mammals for forage species and their
nutritive value in a Mediterranean desert ecosystem (Egypt). J. Arid Environm. 15: 297-305.

AHMED, A. M. & M. M. MOUNIR (1982). Regional studies on the natural resources of the NW coastal zone, Egypt.
US National Science Foundation. Oklahoma State University and the UNEP Remote Sensing Centre. Academy of
Scientific Research and Technology, Cairo. 195 p.

ALI, S. I. & S. M. H. JAFRI (eds.) (1976-1977). Flora ofLibya. Al Faateh University, Tripoli.



276 CANDOLLEA 59, 2004

ASLAN, M. H. (1959). Adaptability and palatability ofsome forage plants in the western desert ofEgypt. MSc thesis.

University of Cairo.

ATTA, B. A. M. (1953). Ecological and sociological studies on the plant communities ofMariut. MSc thesis. University of
Alexandria. 130 p.

AYYAD, M. A. (1957). An ecological study ofRas el Hikma. MSc thesis. University of Cairo. 281 p.

AYYAD, M. A. (1971a). An edaphic study of habitats at Ras-el-Hekma. Desert Inst. Bull. 19: 245-259.

AYYAD, M. A. (1971b). A study of solar radiation on sloping surfaces at Alexandria. U.A.R. J. Bot. 14: 15: 65-73.

AYYAD, M. A. (1973). Vegetation and environment of the western Mediterranean coastal land of Egypt. I The habitat of
sand dunes. J. Ecol. 61: 509-523.

AYYAD, M. A. (1976). Vegetation and environment of the western Mediterranean coastal land of Egypt. IV The habitat of
non-saline depressions. J. Ecol. 64: 713-722.

AYYAD, M. A. (1978). A preliminary assessment of the effect of protection on the vegetation of the Mediterranean desert

ecosystem. Taeckholmia 9: 85-101.

AYYAD, M. A. (1979). Phytomass, phenology and necromass. SAMDENE n° 5, 1: 1/1-1/60. University of Alexandria.

AYYAD, M. A. (1981). Soil-vegetation-atmosphere interactions. In: GOODALL, D. W. & R. M. PERRY (eds.), Arid Land
Ecosystems : Structure, Functioning and Management 2: 9-31. Cambridge University Press.

AYYAD, M. A. (1983a). Some aspects of land transformation in the western Mediterranean desert of Egypt. Advances Space
Res. 2(8): 19-29.

AYYAD, M. A., M. ABDEL-RAZIK & S. EL-DARIER (1985). Variations in nutrient contents in olive agroecosystems in
the western desert of Egypt. Proc. Egypt. Bot. Soc. 4: 1277-1297.

AYYAD, M. A., M. ABDEL-RAZIK & N. GHALI (1983). On the phenology of desert species of western Mediterranean
coastal region of Egypt. Int. J. Ecol. Environm. Sei. 9: 169-183.

AYYAD, M. A. & M. Y. AMMAR (1973). Relationship between local physiographic variations and the distribution of
common Mediterranean desert species. Vegetatio 27: 163-176.

AYYAD, M. A. & M. Y. AMMAR (1974). Vegetation and environment of the western Mediterranean coastal land ofEgypt.
II The habitat of inland ridges. J. Ecol. 62: 439-456.

AYYAD, M. A. & M. A. EL BAYYOUMI (1979). On the phytosociology of sand dunes of the western desert of Egypt.
In: SINGH, J. S. & B. GOPAL (eds.), Glimpses ofEcology: 219-237. International Scientific Publications, Jaipur.

AYYAD, M. A. & R. M. EL-GHAREEB (1972). Microvariations in edaphic factors and species distribution in a

Mediterranean salt desert. Oikos 23: 125-131.

AYYAD, M. A. & R. M. EL-GHAREEB (1973). Correlation of the distribution of common halophilous species at Burg-el-
Arab (Egypt) with salinity and level of the water table. Egypt. J. Bot. 16: 379-386.

AYYAD, M. A. & R. M. EL-GHAREEB (1982). Salt marshes vegetation of the western Mediterranean desert of Egypt.
Vegetatio 49: 3-19.

AYYAD, M. A. & A. A. EL-GHONEIMY (1976). Phytosociological and environmental gradients in a sector of the western
desert of Egypt. Vegetatio 31: 93-102.

AYYAD, M. A. & H. F. EL-KADI (1981). Consumption and behaviour ofgrazing animals. REMDENE n° 2, 1: 2/1-2/31.
University of Alexandria.

AYYAD, M. A. & H. F. EL-KADI (1982). Effect of protection and controlled grazing on the vegetation of a Mediterranean
desert ecosystem in northern Egypt. Vegetatio 49: 129-139.

AYYAD, M. A. & S. I. GHABBOUR (1977). Systems analysis of Mediterranean desert ecosystems of northern Egypt.
Environm. Conservation 4: 91-101.

AYYAD, M. A. & S. H. HILMY (1974). The distribution ofAsphodelus microcarpus and associated species on the western
Mediterranean coast of Egypt. Ecology 55: 511-524.

AYYAD, M. A. & S. KAMAL (1980). Analysis ofvegetation. REMDENE n° 1, 1: 3/1-3/30. University of Alexandria.

AYYAD, M. A. & S. KAMAL (1988). Ground surveys and remote sensing of vegetation and land-use in Mariut (Egypt). In:
EL-RAEY, M. (ed.), Symposium ofEnvironmental Sciences: 134-154. University of Alexandria.

AYYAD, M.A. & E. LE FLOCH (eds) (1983). An ecological assessment ofrenewable resourcesfor agricultural development
in western Mediterranean coastal region ofEgypt. CNRS, ORSTOM, REMDENE. Montpellier, Paris, Alexandria. 104 p.



PLANT DIVERSITY IN MARMARICA 277

AYYAD, M.A., K. H. SHALTOUT, N. N. GHALY, H. F. EL-KADI & S. A. OMAR (1979). Phytomass, phenology and
necromass. SAMDENE n° 5, 1: 1/1-1/8. University of Alexandria.

AYYAD, M. A. & H. VAN KEULEN (eds) (1987). The 'Mariut' project. Final report submitted to Directorate Generalfor
International Cooperation (DGIS), part 2: 61-92, part 3. CABO-report, Wageningen. 150 p.

BATANOUNY, K. H. (1968). On the autoecology of Pithyranthos tortuosus (Desf.) Benth. & Hook. Bull. Fac. Sei. Cairo
Univ. 42: 35-45.

BATANOUNY, K. H. & S. ABU EL-SOUOD (1972). Ecological and phytosociological study of a sector in the Libyan desert.

Vegetatio 25: 335-356.

BATANOUNY, K. H. & M. A. F. ZAKI (1969). Root development of two common species in different habitats in the
Mediterranean subregion in Egypt. Acta Bot. Acad. Sei. Hung. 15: 217-226.

BATANOUNY, K. H. & M. A. F. ZAKI (1973). Range potentialities of a sector in the Mediterranean coastal region in Egypt.
Vegetatio 27: 115-130.

BOULOS, L. (1977). A check list of the Libyan flora. 1 : Introduction and Adianthaceae-Orchidaceae. Puhl. Cairo Univ.
Herb. 7-8: 115-141.

BOULOS, L. (1979). A check list of the Libyan flora. 2: Salicaceae-Neuradaceae. Candollea 34: 21-48.

BOULOS, L. (1983). Medicinal Plants ofNorth Africa. Référence Publications, Inc.

BOULOS, L. (1995). Flora ofEgypt. Checklist. Al Hadara Publishing.

BOULOS, L. (1999). Flora ofEgypt 1. Al Hadara Publishing.

BOULOS, L. (2000). Flora ofEgypt 2. Al Hadara Publishing.

BOULOS, L. & M. EL HADIDI (1984). The Weed Flora ofEgypt. American University in Cairo Press.

BOULOS, L. & C. JEFFREY (1979). A check list of the Libyan flora. 3 : Compositae. Candollea: 34: 307-332

CONANT, L. C. & G. H. GOUDARZI (1964). Geologic map ofthe Kingdom ofLibya. Map I - 350 A, Scale 1: 2,000,000.
Miscellaneous Geologic Investigations US Geological Survey, Department of the Interior.

DRAZ, O. (1954). Some desert plants and their uses in animal feeding (Kochia indica and Prosopis juliflora). Publ. Inst.
Désert Egypte 2.

DURAND, E. & G. BARRATTE (1910). Florae Libycae Prodromus. Genève.

EL-BAYYOUMY, M. A. (1976). Ecological Phytosociological studies on the sand dune vegetation at Mariut area.
MSc thesis. University of Tanta. 70 p.

EL-GH AREEB, R. M. 1975). A study ofthe vegetation-environmental complex ofsaline and marshy habitats on the North
Western coast ofEgypt. PhD thesis. University of Alexandria. 203 p.

EL-GHAREEB, R. M. & K. SHALTOUT (1978). Standing Crop biomass. SAMDENE n° 4, 1: 4/1-4/74. University of
Alexandria.

EL-GHONEMY, A. A. (1973). Phytosociological and Ecological studies of the maritime sand dunes communities in Egypt.
I Zonation of vegetation and soil along a dune side. Bull. Inst. Désert Egypte 23(2): 463-473.

EL-GHONEMY, A. A. & A. S. EL-DIN (1978). Root systems ofperennials. SAMDENE n° 4, 1: 8/1-8/18. University of
Alexandria.

EL-GHONEMY, A. A. & E. M. GEWAIFEL (1976). The phytosociological groups and their habitats at Sidi Barrani. Egypt.
J. Bot. 19: 77-87.

EL-GHONEMY, A. A. & H. F. EL-KADI (1978). Range Management. SAMDENE n° 4, 1: 10/1-10/20. University of
Alexandria.

EL-GHONEMY, A. A., K. SHALTOUT, W. VALENTINE & A. WALLACE (1977). Distribution pattern of Thymelaea
hirsuta (L.) Endl. and associated species along the Mediterranean coast of Egypt. Bot. Gaz. 138: 479-489.

EL-GHONEMY, A. A. & T. M. TADROS (1970). Socio-ecological studies of the natural plant communities along a

transect between Alexandria and Cairo. Bull. Fac. Sei. Cairo Univ. 10: 329-407.

EL-HADIDI, M. N. & M. A. AYYAD (1974). Floristic and ecological features of Wadi Habis (Egypt). In: GUINOCHET,
M., G. GUITTONNEAU, P. OZENDA, P. QUEZEL & C. SAUVAGE (eds.), La Flore du Bassin Méditerranéen: essai
de systématique synthétique : 247-258. Editions du CNRS.

EL-KADY, H. F. (1980). Effect ofgrazing pressure on certain ecological parameters of some fodder plants of the
Mediterranean coast ofEgypt. MSc thesis. University of Tanta. 95 p.

EL-KADY, H. F. (1987). A study of range ecosystems of the western Mediterranean coastal desert ofEgypt. PhD thesis.
Technical University of Berlin.



278 CANDOLLEA 59, 2004

EL-NAGA, M. A. (1980). Nutritive value of the plants at Omayed. REMDENE n° 1, 1: 5/1-5/4. University of Alexandria.

EL-NAGA, M. A. (1981). Nutrition ofdomestic animals. REMDENE n° 2, 1: 3/1-3/8. University of Alexandria.

EL-NAGA, M. A. (1982). Nutrition ofdomestic animals. REMDENE n° 3, 1: 4/1-4/26. University of Alexandria.

EL-SHARKAWI, H. 1961 Ecological and sociological studies of the plant communities of the Fuka-Ras el Hikma area
western desert ofEgypt. MSc thesis. University of Alexandria.

EL-SHARKAWI, H. (1977). Waterflow and productivity in the ecosystem. SAMDENE n° 3, 1: 4/1-4/11. University
of Alexandria.

EL-SHARKAWI, H. (1978). Waterflow and productivity in the ecosystem. SAMDENE n° 4, 1: 5/1-5/45. University
of Alexandria.

EL SHARKAWI, H. (1979). Waterflow and productivity. SAMDENE n° 5, 1: 3/1-3/31. University of Alexandria.

FAO (1970a). Pre-investment survey ofthe northwest coastal region comprehensive account on the project. Technical Report
n° 1. ESE: SF/UAR 49, FAO, Rome. 109 p.

FAO (1970b). Pre-investment survey of the northwest coastal region, United Arab Republic. Technical Report n° 3. ESE:
SF/UAR 49, FAO, Rome. 335 p.

FANTOLI, A. (1952) Le piogge della Libia. Arti Grafici Editrice.

FATHY, A. M. & A. M. MEHANNA (1980). Water studies. In: AYYAD, M. A. (ed.), Regional Environmental Management of
Mediterranean Desert Ecosystems ofNorthern Egypt (SAMDENE). Progress report n° 1. University of Alexandria. 41 p.

FLORET, C. (1981). The effects of protection on steppic vegetation in the Mediterranean arid zone of southern Tunisia.
Vegetatio: 46.117-129.

FLORET, C. & E. LE FLOCH (1973). Production, sensibilité et évolution de la végétation et du milieu en Tunisie

pré-saharienne. Document n° 71. CEPE/CNRS, Montpellier. 45 p.

FLORET, C., E. LE FLOCH & R. PONTANIER (1983). Phytomasse et production en Tunisie présaharienne. Acta Oecol.,
Oecol. Pl. 4(18): 133-152.

FLORET, C., E. LE FLOCH, R. PONTANIER & F. ROMANE (1978). Simulation of the impact of different levels of human

pressure on the grazing lands in Southern Tunisia. In: Hyder, D. N. (ed.) Proceedings of the 1st International Range-
land Congress: 52-54. 1978 August 14-18. Society for Range Management, Denver.

FLORET, C., E. LE FLOCH, F. ROMANE & R. PONTANIER (1981). Dynamique de systèmes écologiques de la zone aride.

Acta Oecol., Oecol. Appl. 2: 195-214.

GALAL, E. S. F., N. G. SELIGMAN, H. MANSOUR, A. M. ABOUL NAGA, A. M. EL-SERAFY & H. K. ALMADDY
(1990). Multiple critérium analysis oflamb production systems in the North-Western coastal zone in Egypt. Cooperative

Arid Lands Agriculture Research Program (CALAR), San Diego State University Foundation. 46 p.

GHABBOUR, S. I. (1976). Environmental and development ofcoastal desert. International Serminar on Development and

Management of Resources of coastal Areas, Berlin. 27 p.

GHABBOUR, S. I. 1983). Pre-proposal reportfor agricultural development in the NW coastal zone ofEgypt: integrating
barley cultivation and sheep herding. Institute of Africa Development, University of Cairo. 49 p.

GIRGIS, W. A. (1970). Phytosociological studies on the vegetation of Mariut area project. Egypt. J. Bot. 13: 235-254.

GIRGIS, W. A. (1973). Phytosociological studies on the vegetation of Ras-el-Hikma-Mersa Matruh coastal plain. Egypt.
J. Bot. 16: 393-409.

HAMMOUDA, S.A.K. (1988). A study of vegetation and land-use in the western Mediterranean desert ofEgypt. PhD
thesis. University of Alexandria. 205 p.

HERMANS, M. (1982). An autoecological study ofMediterranean desert species at El Omayed, Egypt. Ill Gymnocarpos
decandrum, Rumexpictus, Echiochilon fruticosum & Plantago albicans. Student Report. University of Nijmegen.

IBRAHIM, K. M. (1968). Some important native browse and forb forage plant of northern UAR. Their ecology in relation
to range management. Pakistan J. Forest. 18: 155-168.

IMAM, M. (1978). Seed studies. SAMDENE n° 2, 1: 6/1-6/66. University of Alexandria.

IMAM, M. (1979). Seed and seedling studies. In: GHABBOUR, S. I. & M. KASSAS (eds.), Analysis and Management
ofMediterranean desert ecosystems : 110-113. Proceedings of the International Workshop of SAMDENE Project.
University of Alexandria.

JAFRI, S. M. H. & A. A. EL GADI (eds) (1977-1989). Flora ofLibya. Al Faateh University, Tripoli.

KASSAS, M. (1971). Dynamic of desert vegetation. In: H. ODABASI & S. E. ULUG (eds.), Environmental problems and
their international implications: 27-46. Colorado Association University Press.



PLANT DIVERSITY IN MARMARICA 279

KASSAS, M. (1972). A brief history of land-use in Mareotis region, Egypt. Minerva Biol. 1: 167-174.

KASSAS, M. (1979). Mareotis: past, present and future. In: GHABBOUR, S. I. & M. KASSAS (eds.), Analysis and
Management ofMediterranean desert ecosystems: 24-28. Proceedings of the International Workshop of SAMDENE
Project. University of Alexandria.

KASSAS, M. & W. A. GIRGIS (1964). Habitat and plant communities in the Egyptian Desert.: V The limestone plateau.
J. Ecol. 52: 107-119.

KASSAS, M. & M. IMAM (1954). Habitat and plant communities in the Egyptian desert. Ill The wadi bed ecosystem.
J. Ecol. 42: 424-441.

KEITH, H. G. (1965). A preliminary check list ofthe Libyan flora. Ministry of Agriculture, Tripoli.

LE HOUÉROU, H. N. (1959). Recherches écologiques et floristiques sur la végétation de la Tunisie Méridionale. PhD
thesis. 2 vol. Institut de Recherches Sahariennes, Algier. 510 p.

LE HOUEROU, H. N. (1962). Les pâturages naturels de la Tunisie aride et désertique. Institut des Sciences Economiques
Appliquées, Paris-Tunis. 106 p.

LE HOUÉROU, H. N. (1965). Improvement ofnatural pasture andfodder resources. Report to the Government ofLibya.
EPTA report n° 1979. Plant Production & Protection Division, FAO. 51 p.

LE HOUÉROU, H. N. (1969). La végétation de la Tunisie steppique. Ann. Inst. Natl. Rech. Agron. Tunisie 42(5): 1-624.

LE HOUÉROU, H. N. (1975). Les pâturages naturels de l'Afrique du Nord: typologie, production, productivité et

développement. In: Inventaire et cartographie des pâturages tropicaux africains: 41-55. Actes du Colloque de
Bamako (Mali), 3-8 mars 1975. Centre International pour l'Elevage en Afrique (CIPEA), Addis Abeba.

LE HOUÉROU, H. N. (1976). Contribution à une bibliographie écologique des régions arides de l'Afrique et de l'Asie du Sud-
Ouest (végétation, pâturages, élevage, agriculture, nomadisme et désertisation). In: MONOD, T. (ed.), La désertification
au sud du Sahara: 169-212. Actes du colloque tenu à Nouakchott, 17-19 décembre 1973. NEA, Dakar-Abidjan.

LE HOUÉROU, H. N. (1984). Outline of the bioclimatology of Libya. Bull. Soc. Bot. France, Actual. Bot. 131: 157-178.

LE HOUÉROU, H. N. (1989). Classification écoclimatique des zones arides (s.l.) de l'Afrique du Nord. Ecol. Médit. 15(3/4):
95-143.

LE HOUÉROU, H. N. (1992a). Relations entre la variabilité des précipitations et celles de la production primaire et
secondaire en zone aride. In: LE FLOC'H, E., M. GROUZIS, A. CORNET & J. C. BILLE (eds.), L'aridité, une
contrainte au développement: 193-216. ORSTOM, Paris.

LE HOUÉROU, H. N. (1992b). Rangeland management in Northern Africa and the Near East: evolution, trends and

development outlook. In: GASTON, A., M. KERNICK & H. N. LE HOUÉROU (eds.), Proceedings of the 4th
International Rangeland Congress 1: 544-553. CIRAD, Montpellier.

LE HOUÉROU, H. N. (1992c). Feeding shrubs to sheep in the Mediterranean arid zone. In: GASTON, A., M. KERNICK
& H. N. LE HOUÉROU (eds.), Proceedings of the 4th International Rangeland Congress 2: 639-644. CIRAD-UCIST,
Montpellier.

LE HOUÉROU, H. N. (1992d). The role of saltbushes (Atriplex spp.) in arid land rehabilitation in the Mediterranean Basin:
a review. Agroforest. Systems 18: 107-148.

LE HOUÉROU, H. N. (1995). Bioclimatologie et biogéographie des steppes arides du Nord de l'Afrique - Diversité biologique,
développement durable et désertisation. CI HEAM, Montpellier.

LE HOUÉROU, H.N. (1997a). Germplasmfor Arid Land Rehabilitation: NW Egypt and Jordan. Facilitation Unit, ICARDA,
Cairo. 91 p.

LE HOUÉROU, H. N. (1997b). Biogeography of the arid steppeland North of the Sahara. In: BARAKAT, H. N. & A. K.
HEGAZY (eds.), Reviews in Ecology: Desert Conservation and Development: 207-228. University of Cairo.

LE HOUÉROU, H. N. (1998a). Restoration and rehabilitation of arid and semi-arid Mediterranean-type vegetation and

ecosystems in Western Asia and Northern Africa (WANA): a review. Arid Soils Res. Rehabilit. 14: 3-14.

LE HOUÉROU, H. N. (1998b). Fodder shrubs development in the NW coast ofEgypt. Report to the Matrouh Resource

Management Project. Facilitation Unit, ICARDA, Cairo. 23 p.

LE HOUÉROU, H. N. (1998c). Fodder production from multipurpose trees and shrubs in the eastern slopes of the West

Bank. Report to the Palestinian Authority. Facilitation Unit, ICARDA, Cairo. 24 p.

LE HOUÉROU, H. N. (1998d). Outline ofa strategy for rangeland and feed resources development in the Arabian
Peninsula. Report to the Arabian Peninsula Regional Programme (APRP). ICARDA, Dubai. 15 p.



280 CANDOLLEA 59, 2004

LE HOUÉROU, H. N. (1998e). Biodiversity : native plant Resource Conservation in Marmarica. Report to the Matrouh
Resource Management Project. ICARDA, Cairo. 13 p.

LE HOUÉROU, H. N. (2001). Biogeography of the arid steppeland north of the Sahara. J. Arid Environm. 48: 103-128

LE FLOC'H, E. (1981). Mapping of land occupation. REMDENE n° 2, 1: 5/1-5/2. University of Alexandria.

LE FLOC'H, E. (1983). Contribution à une étude ethnobotanique de laflore tunisienne. Imprimerie Officielle de la République
Tunisienne.

LONG, G. A. (1955). The study of natural vegetation as a basis for pasture improvement in the western desert of Egypt. Bull.
Inst. Désert Egypte 5(2): 18-45.

LONG, G. A. (1955). Grazing problems in the western desert ofEgypt. Plant Production & Protection Division, 55/4/2/2497,
FAO. 37 p.

LONG, G. A. & M. A. AYYAD (1956). Phytoecological map ofRas el Hekma. Plant Production & Protection Division,
56/9/7130, FAO. 38 p.

LONG, G. A. (1978). Premières propositions pour un programme de cartographie des ressources renouvelables et des terres
concernant la zone cotière du désert occidental Egyptien. Ecothèque Méditerranéenne, CEPE/CNRS, Montpellier. 21 p.

LONG, G. A. (1979). Mapping of renewable resources for land development and land-use decision with special references to the

coastal western desert of Egypt. In: GHABBOUR, S. I. & M. KASSAS (eds.), Analysis and Management ofMediterranean
desert ecosystems: 37-60. Proceedings of the International Workshop of SAM DENE Project. University of Alexandria.

MAGAZZINI, A. (1963). Medie climatici mensili ed annuali per la Libia. Meteorological Service Ministry of Communications,
Tripoli. 36p.

MIGAHID, A. M. (1958). Plants as ground water indicators in desert areas. Training course on hydrology of arid and
semi-arid regions. Desert Research Institute, UNESCO, Cairo. 13 p.

MIGAHID, A. M. & M. A. AYYAD (1959a). An ecological study of Ras el Hikma district. I The climatic environment
of the vegetation. Bull. Inst. Désert Egypte 9(2): 1-45.

MIGAHID, A. M. & M. A. AYYAD (1959b). An ecological study of Ras el Hikma district. II The factor of soil water
content. Bull. Inst. Désert Egypte 9(2): 46-73.

MIGAHID, A. M. & M. A. AYYAD (1959c). An ecological study ofRas el Hikma district. Ill Plant habitats and communities.
Bull. Inst. Désert Egypte 9(2): 74-98.

MIGAHID, A. M., A. A. ABD EL RAHMAN, A. M. EL-SHAFEI & M. A. HAMMOUDA (1955). Types of habitat and

vegetation at Ras el Hikma. Bull. Inst. Désert Egypte 5(2): 107-190.

MIGAHID, A. M., K. H. BATANOUNY & M. A. F. ZAKI (1971). Phytosociological and ecological study of a sector in the

Mediterranean coastal region of Egypt. Vegetatio 23: 113-134.

MIGAHID, A. M. & M. N. EL-SHOURBAGUI (1958). The ecological amplitude of the desert fodder grass «Panicum
turgidum». II. Edaphic conditions. Bull. Inst. Désert Egypte 8(2): 21-65.

MIGAHID, A. M., H. M EL-SHARKAWI, K. H. BATANOUNY & A. F. SHALABY (1963). Phytosociological and

ecological study of Matkila sector of Sidi-Barrani. I. Sociology of the communities. Feddes Repert. 84: 747-760.

PAMPANINI, R. (1931). Prodromo dellaflora Cirenaica. Forli.

PAMPANINI, R. (1936). Aggiunte e correzioni al «prodromo delle Flora cirenaica». Arch. Bot. (Forli) 12: 17-53.

PENMAN, H. L. (1948). Natural evaporation from open water, bare soil and grass. Proc. Roy. Soc. London, Ser. B, Math.

Phys.Sci. 193: 120-145.

REGNER, H. J. (1997). Rainfall distribution in the Norh-South extension at Marsa-Matruh. El Qasr Rural Development
Project GTZ. Marsa Matruh and Eschborn. 16 p.

SALEM, B. B. M. (1990). Remote sensing and land-use in the North Western desert ofEgypt. PhD thesis. University of
Alexandria.

SHALTOUT, K. H. (1983). An ecological study on Thymelaea hirsuta (L.) Endl. in Egypt. PhD thesis. University of Tanta.

SHALTOUT, K. H. (1987). Pattern, phenology and sex ratio of Egyptian Thymelaea hirsuta populations. Vegetatio 72: 67-73.

SHALTOUT, K. H. & M. A. AYYAD (1988). Structure and standing crop of Egyptian Thymelaea hirsuta populations.
Vegetatio 74: 137-142.

SHALTOUT, K. H. & R. EL-GHAREEB (1984). Effet of protection on the phytomass and primary production of eco-
sytems of the western Mediterrannean desert of Egypt. I Ecosystem of non-saline depressions. Bull. Fac. Sei. Alexandria

Univ. 25: 109-131.



PLANT DIVERSITY IN MARMARICA 281

SHOLTEN, M. E., M. W. A. C HUKKELHOVEN, M. A. AYYAD & M. J. A. WERGER (1981). Vegetation analysis in the
coastal dune ecosystem of the western Egyptian desert. Folia Geobot. Phytotax. 16: 293-308.

TÄCKHOLM, V. (1974). Student'sflora ofEgypt. Ed. 2. Cairo University.

TÄCKHOLM, V. & L. BOULOS (1972). Supplementary notes to student's flora of Egypts. Second edition. Publ. Cairo Univ.

Herb. 5.

TADROS, T. M. (1953). A phytosociological study of halophilous communities from Mareotis. Vegetatio 4: 103-124.

TADROS, T. M. (1956). An ecological survey of the semi-arid coastal strip of the eastern desert of Egypt. Bull. Inst. Désert

Egypte 6(2): 28-56.

TADROS, T. M. (1958). Plant communities a ground water indicators and the water economy ofsome desert communities.
Training course on hydrogeology ofarid and semi-arid regions, Desert Research Center, El-Matariya & UNESCO, Cairo.
6 p.

TADROS, T. M. & B. A. M. ATTA (1958a). Further contributions to the study of sociology and ecology of the halophilous
plant communities from Mareotis. Vegetatio 8: 137-160.

TADROS, T.M. & B. A. M. ATTA (1958b). Plant communities of barley fields and uncultivated desert areas of Mareotis.
Vegetatio 8: 161 -175.

TADROS, T.M. & H. M. EL SHARKAWI (1960a). Phytosociological and ecological studies on the vegetation of Fuka-Ras
El Hekma area. I Sociology of the communities. Bull. Inst. Désert Egypte 10(1): 37-60.

TADROS, T. M. & H. M. EL-SHARKAWI (1960b). Phytosociological and ecological studies on the vegetation of Fuka-
Ras El Hekma area. II Consistency and homogeneity of the open desert communities. Bull. Inst Désert Egypte 10( 1 :

61-83.

TADROS, T.M. & H. M. EL-SHARKAWI (1960c). Phytosociological and ecological studies on the vegetation of Fuka-Ras
el Hekma area. Ill A vegetation map of the area. Bull. Inst. Désert Egypte 10(1): 85-93.

VAN DUIVENBODEN, N. (1985). Animal Husbandry in the North-Western Coastal Zone ofEgypt. Theoretical Production
Ecology. CABO, Wageningen. 52 p.

VAN DUIVENBODEN, N. (1987). Evaluation ofAnimal Husbandry in the North-Western Coastal Zone ofEgypt. (Literature
Review and Simulation). CABO Publishing n° 72, Wageningen. 204 p.

VAN DUIVENBODEN, N. (1988). The Effect ofGrazing on the Growth ofSubshrubs and the Water Balance in the North
Western Coastal Zone ofEgypt. (Measurement and Simulation). Theoretical Production Ecology. CABO, Wageningen.
191 p.

VAN DUIVENBODEN, N. (1989). Contributions of various feed components to feed availability in integrated barley/
livestock systems in the north-western coastal zone of Egypt: a simulation study. J. Arid Environm. 16: 217-228.

VAN KEULEN, H. & G. W. J. VAN DE VEN (1988). Application of interactive multiple goal linear programming
techniques for analysis and planning of regional agricultural development: a case study for the Mariut region (Egypt).
In: J. M. BOUSSARD (ed.), Agriculture : Socio-Economic Factors in Land Evaluation: 36-57. Proceedings of a

conference held in Brussels 7-9 oct. 1987. OPOCE, Luxembourg.

VAN DER VEEN, J. P. H, Z. ABU GUENDIA & A. NASSEF, A. (1968). Report on range carrying capacity survey,
NW Coastal Zone. UAR. EGDDO/UNSF/FAO Pre-investment survey of NW coastal region project. UAR, FAO,
Rome, Ministry of Agriculture, Cairo. 22 p. & 1 map 1:500000.

WALTER H. & H. LIETH (1960). Klimadiagramm Weltatlas. Veb Gustav Fisher Verlag.

ZAHRAN, M. A. (1986). Forage potentialities of Kochia indica and K. prostrata in arid land, with particular reference to
Saudi Arabia. Arab GulfJ. Sei. Res. 4: 53-68.

ZAHRAN, M.A., B. K MUHAMMAD & A. A. EL-DINGAWI (1992). Establishment of Kochia forage halophytes in the
salt affected lands of the Arab countries. J. Environm. Sei. Mansoura Univ. 4: 93-113.

ZAHRAN, M.A. & A. J. WILLIS (1992). The vegetation ofEgypt. Chapman & Hall.

Table 3. - Plant biodiversity table (see pp. 282-307)

Address of the author: Senior International Consultant, Arid Land Ecology Research, Management and Development,
327, rue A. L. de Jussieu, 34090 Montpellier, France. Email: hn.le-houerou@club-intemet.fr.



282 CANDOLLEA 59, 2004

S s Ï £
m m
.22 22 ^ en sk ca ca
w w 5 ce w o o

Q_<tC<ï«t^Q_Q_<C<CC<C<C<C<C

2 ca -o5 (/3 W è ^
OJ o O S ~> U Ü o

• ^^CÇjgûÇCÇÛÇÛÇCÇV
(ë_^o-_^c?5c3oo<3ooooocc

û_ û_ Q_ O- Q_ Q_ Q_ Q_ Q_ Q_ Q_ <C <C <t <C <C <C

n U rr O U U rr rr n OLLOLi-OOOLl."

er o o o o ota o o o o o

oc o o o oU_CCOCCOOOU_OCLI_

ca ca ca ca ca

es en es o o
> S g S

ro en ca
CO CO CO <cqs:ujcd<cqo

as _ça _ca

st: ^ se: ie: ^: <

caöööoÖFf=c,3CT3roa3roa3a:!rorocarocacacao2222^.§.Ü.Ü.Ü.Ü^^EEEEEEEEEEEcccq.S2<c<c<c<t<c<t<c<t<i:<t<t<r:<c<c<c<c<c<c<c<c<c«a:<c<c<c

TO
TO

ca ca ca ca ca ca

û ça Û H ca ça ;o
S" § ü" S- _ÇD S" •1
1 •< 1 < 1 1 OS

CO

2Ï ü 2Ü ta
o> as a) CT

oooooooo



PLANT DIVERSITY IN MARMARICA 283



284 CANDOLLEA 59, 2004

§ I

'S

I

sliigjïillliâiififlfi liÎJî
CNJ CNJ OJ CNJ TTCNJCNJOOO-i—OO-i— OC3T— C3CDC30-I— O-i— OOOCOCOOOOOOT— COT— CNICOCOOCNJCDCOCNJ

silllllilllilsllslslllililliliisilllllls
I ^ II

s àÈÈ %à3 3 3âaB3È SÊ àsrnâBEmmâBÈBiä àsû èàs È3 àà
&
<t

Lü=n>^i^03=^n=ic3[:n;ii;ni3c:(^in:=n^=n=n=i==noo=E:oon:inoQÖoH^öS^x:H^f^

lïïITÏÎÏTTTTT_Th:ïïïïïïïïî;hîïî!ï!!î
EiruüLLf^LLCCouccLLOüirirtEirüirüucctrcEüüUüuoirSüE OC CC ÛC o

II,,,I.liîl,iîllii.i,.Jlîllluilllï,ï,IÎ

lilfÛllillÛillillilSlïiilIIlHSililîfi

illlJl I I 111 il 11! 1 illllllî i 11! IJ IffHill



PLANT DIVERSITY IN MARMARICA 285

ü B S $
m w ra

CO Q_ Q_ Q_ Q_ Q_

^ CO CO CO CO CO CO CO — CO CO CO CO CO COOC3CDXIIIIIIZIIXIII
OT— T-OOOCVJOT— T— CM CM O O O

III

CD CD CD

o o o o o o o oLLZCDCDC3ZZCDZCDU.UCDZZZCDCDZCD0CD

CO > CO X Ü3 Q -S > W
J_ ' J_ CO «co =r

ow5irirwwao55o5w55cö(rir(rcöwwQirocöwircöcÄ(xocöwcöwcöc35w(r

<<<Q.H<CLQ.Q.

o o m nr in m cflwcowwcniiiwwxwMco

O U_ cc o o cc CDCDCCOCCDCDCDOCDOCDu_CD CC CC CC CC CD O CD CC CC CC CD CD

o o o o o
o o o o o

o o o o o
<<<cûcûcûmcfl o cd o cd m m m

t I lIcOCOCOCOCOCOCOCOCOCO^COCOCOCOCOCOoSSoo°o°oooQ°"S"S"S'Sœ'S"S
CO C/D CO CO CO CO C/5 CO CD CO CO CO C/D CO CO CO CO CO CO CO



286 CANDOLLEA 59, 2004

CJOQ-OCJO_a_a_Q_CJCJCJ, CO CO CO I 55?5iiiwii]iij5

CVJCMCVICOCMCOCMCOCOCMCMI— O )— OOOOCVIOOOOCDOCOT-OOOOOOOOOOOO

nj(Cçptp(pgorococpn3fOçOg)^çgC3C3C50C3CSC3CSC3C3C3C32Ha

CO CO CO CO

<55 co ^co^co^cococoœ

CD Z 2 Z 2

CO oc

O) CJ) Ol U) U) —1 C_l) —1 Ol Ol col CO) —1 —_ CD O —1 —1 O CO) —1 —1 —1 —1 —1 CD CO) -i; CDarcrcccctiüiruircccrrccusciüuuoccuGuuuüccsos

ooooooooo

Ï^ÏÏSÏïlfO) O) CD CO _9£ D oCCSCCCCUSOCJU

HCL<CLQ-<a.< <<a.Q.<<m<<<<<<Q-Q_Q.D_wm<<<Q_<<<Q-Q.

> > >

o o o cc

u u u o o u

TO 43 .42 S3 _co ro ro S S3 M S3 TO S it? ro S ,-S _cg 42 M TO 43 S3 S3 43

O o 0 0 0 0 0 0 0 O O 0 0 0 0 0 0 O 0 0 0 0
E E E E E E E E E E E E E E E E E E E E E E Ê E E

CJ CJ CJ CJ CJ CJ CJ 0 CJ 0 CJ CJ CJ 0 CJ CJ CJ CJ CJ CJ CJ CJ CJ 0 CJ

J2 .2 oE c E E E E

ocs<t:<£<t:<i«i:c«tc<c<t<tc<t«ï<t«t<t<t<t<t<c<ïca



PLANT DIVERSITY IN MARMARICA 287

OOOOOOOOCMOCJOO CD CD CD O O O CM O O CD

°? °?

o o a? c3oooooooo<3<3<3oc3 ce5 <3o<3ooo5i3<3o
ce rç ce =r =r c£ ^

üUüüirirSuuutö
<c<cco_«a:«tQ_c<c<i:a3Q.<cc<C'<c<c<c <c <c c •< <c <c c

o CJ> oCD rr- CD r 1 CD CD CD
O O CD CD CC CC CC O o o o ce

ta E
<2 I



288 CANDOLLEA 59, 2004

o S o u WIXLLI5Q.IXUUSF

CMOOOOOCVJOOCvJCMCJOOOCOOOCMCOOCOCOCVJOCVJOOOOOOOOI—T— CNICVJT-O

£3 o o 2ZZU22C3CDC30Z5C3Sze:C3 ZZSCSOCDCDO

2 T3 O 2 22ï § f ï Ï
co c3 ö co co

co op co op

— — t—II uj 13 0> O)CO^OCCO^CCCCCOCCCC

CO cci CO -en o 2 O)

ca -a -a S

Q O O > O

m<<<<<<û.û.<<<<Û.CL<<<<<<CQ<<<Q.<<<CL<CÛ<Q.Û.Q.<<<Û.

XXXIXXXXXIXX XXIX

> _ — ^

CC U_ CC coaracccu_coccu_cc

i 1 1 Js 1 re J J M .1 1 re 1 .1 .1 .1 .1 1 re re I re J re J
o o o o o o o o o o o o o o o o o o o o o o o
e E E Ê E E E E E E E E E E E E E E E E E E E E E Ê
co CO co co co co co o o CO o o o co co CO CO CO o o o o o co CO CO

re :§ £ re 43 re re £ .-Ö re .tl
cp o o o o O o o o o o
E E E E Ê E E E Ê E E E
o ô CO CO o o CO o CO CO o o



PLANT DIVERSITY IN MARMARICA 289

ÏœœS ^S^SSSSäsäääsäs ^ S 3 °
ooûiroŒUOûûoouûiioûô

CD CD CD CD
cc cc az cc

ööüäirooSoooüo ^ :=

<CQ_<tQ_<t<ccQ-<c<c<c<CQ_Q.<cQ_<i:<c <C<CQ_Q_Q_Cl_<CQ_Û_D_<Cû_Q_Q_D_

nzo3=ooniû_Q_D_a-

o cc cc o o ce ce ce o o ce cecccccdollcccdccccoccccccoccceccooco cer -> rv- rc Pc «. r*- rr rc -, -— rr r -, rv-o ce u_ cj ce

a; CD SE CD | <£ |



290 CANDOLLEA 59, 2004

cc cc

cj> cs> ± ± cnuQou^ioooo5üü5§oouoooow
cc cc cc

> "5 "=5 "5 3 ai en 5 "5OOCJJOCCCCOO

û.<<<<<<<<cû<<<<<<<<<<<<<<<<û.<<<<<<no.<<

C II Ü O U3 CO m m n :c

OOO DC CC CC O CC CJ> O O CC CC OCCCCCCCCC3CCCCOOO OOCCOCCCJCCOCCOOCOOQCCCOCCOOCOCCCCCC

CO _J I CO ^ a I cc I

â
I I w



PLANT DIVERSITY IN MARMARICA 291

SSQ-Q-Q_Q_Q_Û_Û_

O C5 O O CMCOOCMOOCMOOOCOOOOOOOOOt— OCDO o m o o

CD S CS C3 CD CD5 CO CD CD

s £
SS S i/5 <5Î <? 3 <? S ç * A S5

3 3 3 3 3 O CD CD 3 -HZ Ô 3 3 3 CD CO CD m CDooocdooccccocoooocdccoccogc

<<0-<<<<<<CL<<<Q.<Q.<<<<<<<<<<<Q-Û.D.Q.CLCLa.CLQ_Q-Q.<Q-

XIIXIIXXIIU.IIXXU ne m m x:
CO CO COo o o m m a_ m

en ce CC CD C_D
ce ce ce o o cd occccccccocj>ou_ceo ccooooœocccj o ce cj> o o o o



292 CANDOLLEA 59, 2004

CO ^ CO

S 5 5
o § 3 3 3O 5 CJ O U

Q.Q-D.Û.<Q.CL<CLCL<Q_a.CLCLCL<<<<<Q-Û_<<CLQ-<CL<<<<Q_Q-<<<<

ccccooccccoccocccE:ccccccoooc]cccLi_cca:ocu_u_occu_a:a:cc:ooocr:occücoo

O) £ û û Pco I coQcob«ccoQic:cocoi£:co<c<tcDl_i



PLANT DIVERSITY IN MARMARICA 293

LLJ & CO CL û. I X I W CO § CL W 5 H

I— CDCDCDOCDOCDOCDOOCÎCDOCMC5C5CDCDC}

"O -O c TD
o o o o

CDCDOCDCDCJCDCOCOCOCO

•CS CD ,rr CD CD Ä CD CD CD Ol CD CD CD CD CD CD
DpOCcV,oroC ^rrnrnrrr-CAJrirnrrr-rr-rr-rc

ouoDoooowwwirooaoirooooooo
<t<tQ_Q_Q_c<tQ-Q_<tQ-«c<c<cc<t<c<i:<c«a:<c«t<c<a:<ccca.<c<c<iQ_Q_<c<a:<c<a:<CQ.<c

XXXIXXXIXIOIXXXO

> — —

CD o cc CC CC O CC CC CC CD cc cc cc cc o CD CD CD CD
CCCDCCCDCCCDCCCCCCQCCDCDCCCCCCCCCCCDCDCCCCCCLl-CDCDCCCDCDCCCDCDCC

5 5 o 5 C/D X I— SiC ^ Q CD <



294 CANDOLLEA 59, 2004

CVJOJCMCNJCMCMCMCVJCM

CD CD CD CD CS CD CD CD CD CD CD Z CD CD CD CD CD "SI CD CD CD CD CD CD CD CD CD CD CD CD CD

-O "O "O TD T3

_ ÔÇ CÇ 5
o ö ö o

ce cç a: oc ce

o o Ü5 o
' CO CO

O O)
CD CE

1 > S 05 >
O O CD CDCDCDCECDCDCECD

<c<c«a:ci:<c<CQ-o_Q_<tQ-«=CQ_<i<t<co_Q_<c<a:<a:<c«a:<c<c<c<c<c<c<c<CQ-Q_«a:<c<cc

zc=E3=icnzrn=cni3z

CECEOCECE ICEOCECEOOCECECECEU_Ll_CECECE

CD CD CD CD CD CD CD CD CD CD CD CD

E E E
ro ca ca

CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD

S — o
— — -O -O o _o o o o 2 ai ° 1 "o ce ro ro

2 -g -g a ra a! oi o! a 2 2 o" E E — § ^ S S

U05<<<<<<<<<<<<<<<< «EEEEEEEE-S^-o"c:22£222E?2ro"roa3CGCQCOCQCQCQCOCOCQOO CD CD O CD O



ï
§ I

Ii
0
1

f îi Ulis

PLANT DIVERSITY IN MARMARICA 295

Llllisl ÏIII II,Iii, III IInl
CM CM

o o2

£

ïJSI3i3gSHi„.sllfllî IIILÜÜIiI II ÈÈ3È

"f

S!_ï:ïï:ï:!ï:ï:ï :ïïSï!SïS!Sïïe:ï:îï:
Q=8S88IEo=oSggQ=o88üöSEEoa:cJoQ=I=ö8SE8oE£g[=E£££a:occ

I |i I ll
Jlllîi JiiiliUSl, ,j st, Iii. 1!. iiïllïil

e§c§<§<§oc5c§<l<§o<§<§c§<lc§<§<§<§<§<§c§<§c§<§<ïelc§<§<§<§o(§clc§<§<§<§<§o<l

j
IlllUillIllïiîîlisillIiIlilI.iiiilîli»!

liîllllilillililiiiilîïlllmlllîiili III



296 CANDOLLEA 59, 2004

M Q. X ü
Q- CO

o o

E E
CO CO

CO CO en CO CO t C O) 0> —: —' —
co co >* c/) co 3 3 >> >-% co CO cd(/]o.o.XQ.a.(/)wixxxxc/3

CM CM O O O CM CM "M" CM T— CO O CM CM CM CM CO CO O O O CM

XCDÜCDCDUOC5: öoirtxlxlrtrtxlxircötr2ZCSe3CDC30CJ3C3CDXCD

üüSiOOCOCOW

Q_Q_0_D_Q_Q_Q_<i;<t<CQ_0_0_

j^ooE5joÖöoöa?£x?öoö
CO CO CO CO
CO CD Œ> OO O) o> oO CO cc cc cc

<C<i;«a;Q_<C<C<CQ-<C<C<tO_<C<C<t<CQ-<t<CQ_Q-CQ_Q.

XIIIIIIXI

o CC o QC O O O CJ oXXOXXXXOOCJÜ o o o o o CC CE O O O O

CO CO CO CO

EEEEEEEEEEEEEEEEEEEEEE
OO0C5(5ÜJC3OCD0C5t3C3OÜJ0C3tDC3C3(S0 CD CD CS CD CD CD CD CD CD CD CD CD



PLANT DIVERSITY IN MARMARICA 297

_ÇD "rô 03

5 i 5 g 5

NWCMMT-I-OC\I

XIXIXXCjizggizZClOMWWfVO

C3C300CDC3000C500000000000T— T— COOCOCVJ

SXSxixizixtxoooooîxoocaC3UU0C3C3ZZ2ZZ02ZX O O O CO

co cr co co cc

O) C O)
83 ^ II i II^ & CO ^ o

CO CO CO

ce s ir o

Q.CL(lQ.tL<<<<<<<<û.<<<<a.CLIlQ.<ll<Q-Û.IlXa.<Û.Û-Û.D-Q-û-<CLÛ.

IXXXXXXXXXX

> > >

o cc cc cc cc•• oc u_ u_ u_ cc
C-3 CC o o o



298 CANDOLLEA 59, 2004

Q_ Q_ Q_

Q_ U-l CO Q- Q_ Q_

CO 1— I— M t r- O O CMr— O-Ï— CM LO CO CO CM CO >— CO CM CM C4 LO t CO

œ
«g s

a aier ce o
CXI CXI CO «g co ex

OO£X0COCXO(X(XOOCX-i=IXCCOCXCJ> ooooocxooooo
Q.Q_CXO_Q.Cl.<C£XCci:cXO_«a:<t<C<CQ_«a;Q-Q_<C<C<t«I<t<t<C<t<C<t<C<ÏQ_

X X X X

o Cd ce ce
cj> ex ce ce u_ ex CXOCJ>C_DC-3CXCCCC

(J> CD o ex CC o o ce(XCXCXOCJCXIXOOO o ex X o ce O X X

o o o o o o o o o o o o o o o o o o o o
E E E e E
oi oi oi ai o)

E E E E E E E E E
en ai O! en Ol Ol Ol Ol



PLANT DIVERSITY IN MARMARICA 299

3Z Q_ n=

rö "E "rö
<D CD ^ ^ ^

S £ £ S

1— co cd I m

p ca «
CD S 5 CD CD CD

CO CO CO

S -S § en cd o> en §^ s s a: ce c ce s CO CO
TO CD -O OÎ

er a: ce ce ce cc U,J

CDCDCDCDCDCDCCCDCDCDCDCDCDCD ^ en cdcccdcccdcdcdcdcdcd^cccccdcdd=.±=cdcd

Q_Q.Q_C<C<C<C<C«a:«ta."^<C<CC<C<C<CC<C<CC<C<CO-<C<C<CQ-<C0-0-Q-Q-C«a:Q-<CC<t

XXIIXXIXXXX

ü a er er er er CDcccDoccccDcrrcDoc cd cd ce cd ce cc o cc cc o

o o o o o o o o o o o o
E E E E E E E

o o o o o o o o o o

"O "O TD "O "0
-2 -2 -2 .q E E 'E E 'E E £= ° ° E E "a.
ES Î5 ÎD 0000000^^^2 2 O O CO

SESE^SoooooooalcilcÊIcccccococo



300 CANDOLLEA 59, 2004

S S £ S

CVJ CM

C/3 & S Q! Q_ ^

O-ïTCDOOOOOOOCNJCVJCOCVJCMmcOOOOOOOOOOOOCOO

deJoejtsoocDcsejzcs ooooooooZOOOG0ÜCD oooooooo

s;5 s
"=! -=4

3 S ï a
É É É 2 2 2 2 2 93, 2 2

uu§u§u5üuccüouuuüu§uuuouüuuüuuuuouüüücjuoü
'«c<tQ_««<c<cc<c<c«t<c<cc<c<c<c«t<cc«i<t<c<i«a:<t<c<CQ-Q-Q_Q_Q.Q_Q_Q_o_Q_Q.Q.Q.

nr=n3:=nn:=n^:in3zic



PLANT DIVERSITY IN MARMARICA 301

Lr o o o oooooooooooooooooZ Z U (3 O 2o o o o o o o

32 2 32

o o o cc

CO CO C/3

o> o> O)

J,m2SS-OÜT3T3T3 Jri OJ CD a>

® il i i**? & i ® ®
~i5 ~E5 35 ~3 ~EJ "35 O)O>OÏO>"E15~E"Ï5"E'3~E5 ra oi 5 5OOOOCDOCDOCCCCCCCCCDCDCDOCDOOCCCCOO:

Q_<C<CQ_Q_Q_Q_Q_Q_Q_Q_0_0_Q_Q_Q_Q_0_Q_a_0_Q_0_0_<t<C<C«a:<i:<i:<C0-<C<r<C

con=n=n=rnnz^^=ninn==nn==nin=ninzn=nin=n=nin i x i x

cc cc o cc cc cc

Ö ~ .3

<c <c <t -a? 3 £ CO CO CO CO CQ O CD CD CD CO O O CO ID :

E E E E -Ç. "S3 "51. — ^



302 CANDOLLEA 59, 2004

T-T— OOOOC3C0C0OOCDCDC3OC3O OOOOOOOOOO

Ë £ Ï
ooccoccoocoSacS S g Ë o o o o o o o o o o o OOOCJOOOOO

<<<<<<Û-Û.<<HÛ.0.Q.Û.Û.(LÛ.Û.<<<<Û.<£1.1LÛ.£1.<<<<<<<<Û.Û.Û.

£ CL



PLANT DIVERSITY IN MARMARICA 303

~ — =>. ro

IH.Û.Û.IXXSWIQ.WQ.WIXXXC3XXICDUÛ.ZXXI

CZJO-^-Oi— OOCNJOOOCMCMT— Of— OOOOOOOOOCMOOT— OCDOOC30C5COCMOCD

C5 2 (3 C3 CD CD CD CD Z CD
O O O O O O O

O) OP
cc cc

CO CO CO

OJ CO TO TO TO OD

CO CO CO CO CO Q

o o cr o s œ CDCOCOCCCCCOCCCOCCCCO&O cc ^

Q_<tQ_<t<co_<c<c«t<c<t<c<c«a:<coL.Q.c<CQ-Q.o-CQ-Q-c<tci.co-<tQ-Q-o.o.o.<i:^:<cc

I X I X

cj> o o cc u ce o o — — _ _ _ _occoccou-ou-u-ccccoccoocccoacoccoccLi-ou-occcno

JO -O _Q

E to ^ "E"E"E"E?"E"E"E"E"HE^^c c io oooooooootoEETO "CD •— d=l=3=J=l=ITOTOTO^rOOca <c o laaaaaaaaaiïcnxzx

o o o oop ct> cn OP

2a.Q_Q_a_Q-0_Q_a_0_Q.a_ E E E E E
Q_ Q_ Q. Q_ Q_ Q_ Q_ CC CC CC



304 CANDOLLEA 59, 2004

o 2 z zo o o o o oooooooooo C3U.C5CDC30C5C3CDC5OC3C3U. o o o o

=3§=3=J=J =3I3§ê
CC cc cc cc cc O CO

OSCOOC_3CCSO5OC_DOOOC_3U_U_:Soooooooocoocjooooo5OOOOO
CO CD

Q_«a:Q_<r«a:D_Q_<i:c<c<c<c<c<c<CQ.<c<c<CDL<tQ_c<c<i<c<c<a:<i:<c<ca_Q.DuQ_Q_<CQ_Q.o_

XIII CO

C_3 O CC OCOOCCODCOCCCOCCOCCCCCCCCCJOCaCDCcc cc cc o cc o cc o o cc cc cc o cc cc ccCCOCJJCCQCCCCCÜCCCCCCaCCCCC

ro _co

i i o ca co CO OD TO CO CO

OuCL-Q_0_0_Q_Q_CCCCCCCCCCCCCCCCCCCCCC

g -e

cc cc cc cc cc cccccccccccccccccccccc

i 8
g g

"S, •§
O O CO

a œ < < < ^cSiScccSoooiSarccairccccartSrarcccEKiKicrc^oöocD



PLANT DIVERSITY IN MARMARICA 305

orc3in=n=^Q_Q-Q_

OO-r— OOOOOOO

CO CO Q_ Q_ Q_

X X f I X I II

CD CD CD I— O

cn CD) fp. o)cc cc °? cc co tr co

CO CO

CO CO

O DJ O O) O) -DD -DD —J —J (_)) —) —) —) —) —> O) —) OJ —i —> —i DD" DD" DD" -DD DD"" (_J) DD" -D_ CJJ DD" -D_D O) C—Ji UJ "• -DD ZD OJ l_OOCCCOCO&äOOCnCJOOOüCCOCXrüOO^&S&^CC^&CXI^^CCCCQCO^COQCi:

<<<CLQ-Û.Q-<<CL<a.<<<CL<lL<<<<<D-CLCLQ.Q.CLÛ.O-<û-Q_CLQ.Q.CLÛ-<

^znaxax3=u_Q_u_n=oxic3=
CO CO CO CO CO CO
:n zc 3: 3: ar =c

CO CO CO CO

> >

o o O CC CC rr- CC f-1 CC f-> CC
Î7 ^UXU-XILXILX



306 CANDOLLEA 59, 2004

:c q_ ic rn&Q_^Q_rn^O: Q- Q_ Q_ CD- 5 5 5 5 w

CD CD I— OOOOCDOOOOOOOOCVJCMCDOt— OCDOCDOOOOOOOOOOi— T— -I— o

oooooooo C3 CD CD 2 U

ä o> ai OD a) to; ct>S CE CC CC CC ^ CC

O Ü 5 O Ü U C_D O O C_D — CC C_D 1 OC_DC.DC/DC_D:SCDCDOOOCDOC_D
"O O S -o — -S ° S S 05

CE O S O

o_<c<t<c<c-a:Q.<t<c<c<r<c<i:Q_<i:<c<c Û.CL<<<<Q.<<<<<<<<<Û.Û.<

31 ^ 3= 3T

C_D O CC CC
CE O O CC

ÛC CC CD CC CC U_

to ro ro 2 ro ro

E E E E E E £ E t; t t t i i



PLANT DIVERSITY IN MARMARICA 307



308 CANDOLLEA 59, 2004

Map 1. - Map of the Marinarica,
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