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credible, performance-oriented, innovative, and reliable resource in this regard.

THE ENVIRONMENT AGENCY — ABU DHABI is a government agency that was established in 1996 with the objective of protecting and conserving the
environment as well as promoting sustainable development in the Emirate of Abu Dhabi.
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formulation and enforcement that balances sustainable economic development with protection of the environment for this and future generations.
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generation.
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teamwork, professionalism, transparency
and training — and by continuing to select
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Mubadala’s mission is to invest in
commercially viable, strategic, industrial and
commercial partnerships: joint-ventures that
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An unparalleled group of experts from all
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research, study and editorial preparation that
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review of current knowledge — and a guide
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conserving the fragile ecosystem of the
nation.

Dolphin Energy's major strategic initiative,
the Dolphin Gas Project, involves the
production and processing of natural gas
from Qatar’s North Field, and transportation
of the dry gas by subsea pipeline across
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drilling to ever greater depths in response to an urgent need to access new
energy resources. Total has also been at the forefront of efforts to bring
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for the future of solar energy since the 1980s. Through our active
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involvement in the development of photovoltaic systems, Total is already

equipping populations far from electricity networks.

SHELL ABU DHABI believes in the importance of good corporate
citizenship and, as such, has made sustainable development a key
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achieve this we have developed a strategic partnership with the
Environment Agency —Abu Dhabi and other institutions in Abu Dhabi
and focused on supporting programmes dealing with environmental,
educational and social issues.



CONTENTS

FOREWORD Hamdan bin Zayed Al NGRYAN ...................cccoooioiiieeie e 7
INTRODUCTION Mohammed Al BOWATAi ..............cccoeeiieeeee e 8
RESEARCHING THE EMIRATES Peter Hellyer and Simon Aspinall .................................. 13
MAN AND THE ENVIRONMENT Mohammed Al Bowardi and Peter Hellyer ..................... 27
GEOLOGICAL OVERVIEW Gary Feulner ....................ccoccoooiiioooeeeee 41
A GEOLOGICAL HISTORY ..o 41
THE SAND DESE R T o 46
SABKHA ENVIRONMEN TS e 50
THE HAJAR MOUNTAINS oo 53
THE QUATERNARY PERIOD L. 59
STRUCTURAL UNITS AND ROCK TYPES ... 60
THE QUATERNARY DEPOSITS Graham Evans and Anthony Kirkham ........................ 65
SEA LEVEL CHANGES . o 66
AL LUV AL FANS 68
AR O LIAN DUNES 69
MA RINE DE P O SIS 71
PLEIST O CENE 72
HO L O CENE 73
BV A P ORI S . 77
RECENT COASTAL DEVELO PMENT L. 78
THE FOSSIL RECORD Peter J. Whybrow, Andrew Smith and Andrew Hill ............................ 81
CONTINENTS ON THE MOVE ... e 81
EMIRATES GEOLOGY AND PALAEONTOLOGY ..o 83
TERRESTRIAL HABITATS Gary Brown and Benno BOEr ................c.ccccooiiieiioaiiieiiie, 93
MAJOR TERRESTRIAL HABITAT TYPES AND THEIR VEGETATION ..........c.coiii, 95
HALOXYLON PERSICUM COMMUNITY .. 101
TRIBULUS ARABICUS ... e 101
THE CAVE FAUNA OF JEBEL HAFIT Mark Beech, Olivia Pozzan and Simon Aspinall .................. 108
THE MARINE ENVIRONMENT David George and David JOhn ...........................c.......... 1
PHYSICAL & CHEMICAL CHARACTERISTICS ...\ oo 11
GEOMORPHOLOGY ..o 13
H A B T AT S e 115
THE SHORE & SHALLOW SEAS David John and David George ....................c..cocccocooo... 123
SH O RES 123
RO CK P OO LS 126
MANGROVE S 127
SHALLOW W AT E R . 128
LIFE IN THE MANGROVES Benno Béer and Simon ASpinall ....................ccccccooeiiieroan.. 133
FL O R A 134
ANTHROPOGENIC IMPACT L 135
INTRODUCED MANGROVES .. 135



WILDLIFE

TERRESTRIAL PLANTS Gary Brown and Benno BOer ....................ccccooeiieiiiiiiei 141
HISTORY OF BOTANICAL RESEARCH ..ot 141
FLOW E RING PLAN TS e e 141
FERNS, BRYOPHYTES AND LICHENS ... 144
ALGAE, CYANOBACTERIA AND FUNGI ... 144
ADAPTATIONS OF DESERT PLANTS TO THEIR ENVIRONMENT .. ... 145
TRADITIONAL USES OF DESERT PLANTS AND VEGETATION ...t 151
THREATS TO THE VEGETATION AND FLORA .. e 153
OUTLOOK FOR FUTURE RESEARCH ... e 155
LICHENS GATY BIOWIN ..ot 156

MARINE PLANTS David JORN .....c..ooiiiiiiiiiii i 161
GREEN ALGAE (PHYLUM CHLOROPHYTA) ...t 161
BROWN ALGAE (PHYLUM PHAEOPHYTA) ..ottt 162
RED ALGAE (PHYLUM RHODOPHYTA) 165
MICROALGAE David John, Geraldine Reid & David M. Williams 167
SEAGRASSES oo 167

INSECTS & OTHER ARTHROPODS Michael Gillett and Conrad Gillett ........................... 169
A BRIEF HISTORY OF INSECT COLLECTION IN ARABIA ...t 170
SYSTEMATIC ACCOUNT OF INSECTS ..ot 171
THE PHYLUM ARTHROPODA IN THE UAE ... e 174
DRAGONFLIES AND DAMSELFLIES (ORDER ODONATA) ...ttt 176
GRASSHOPPERS AND CRICKETS (ORDER ORTHOPTERA) ..ot 178
TRUE AND TWO-WINGED FLIES (ORDER DIPTERA) Brigitte Howarth ...................c...ccooo. 180
BUTTERFLIES AND MOTHS (ORDER LEPIDOTERA) ..ottt 182
ANTS, BEES AND WASPS (ORDER HYMENOPTERA) ..ot 184
BEETLES (ORDER COLEOPTERA) ... e 186
ARTHROPODS OTHER THAN INSECTS ... 189
CLAM SHRIMPS Richard HOTNDY ..o 195

MARINE INVERTEBRATES David George ............c..cccoooiiiiiiiiiiiiiiiiiiiieee 197
SPONGES (PHYLUM PORIFERA) ... 197
CNIDARIANS (PHYLUM CNIDARIA) .o 199
ANNELIDS (PHYLUM ANNELIDA) ..o e 204
CRUSTACEANS (PHYLUM CRUSTACEA) ..t 205
CRABS Peter Hogarth and MarR BeECh ... 208
MOLLUSCS (PHYLUM MOLLUSCA) ..ttt 211
SEA MATS (PHYLUM BRYOZOA) ...ttt 215
ECHINODERMS (PHYLUM ECHINODERMATA) .. .ot 216
TUNICATES (PHYLUM CHORDATA) ...t 220

LAND SNAILS Gary Feulner, Eike Neubert and Stephen A. Green ....................................... 223
N AT IV E SP E I S e e 223
A LESSON IN BIOGEOGRAPHY ... 227
INTRODUCED SPECIES ... 227

TERRESTRIAL REPTILES Drew Gardner..................ccccociiiiiiiiiiiiiiiiiiii 229
L Z A R DS 229
SN A K E S 236

MARINE REPTILES Robert Baldwin and Drew Gardner ............................................ 243
SEA TURT LES e 243
SEA TURTLES IN THE UAE .o 246
SE A SN A E S L 247
SEA SNAKES IN THE UAE . e 248

AMPHIBIANS Peter Cunningham and Gary Feulner ..o 253

FRESHWATER FISHES Gary Feulner ... 257
NATIVE SPECIES ...\ oo oo 257
INTRODUCED SPECIES .......o.. o\ oo 258

OTHER SPECIES POSSIBLY PRESENT




MARINE FISH Mark Beech, Thabit Zahran Al Abdessalaam and John Paul Hoolihan ............... 261

SHALLOW DEMERSAL ... . 261
SHALLOW PELAGIC ... e 263
COASTAL DEMERSAL .o e 264
COASTAL PELAGIC ... 265
DEEPWATER DEMERSAL ... ... 266
OCEANIC PELAGIC .o e 267
WH A LE SHA RKS e 268
ENDANGERED SPECIES ... . e 268
KINGFISH DNA STUDY ... 269
COMMERCIAL FISHERIES .o e 269
PELAGIC GAME FISHERIES ... o 272
BIRDS Simomn ASPinall ..............ccccoooi oo 283
THE UAE’S ORNITHOLOGICAL YEAR ... 286
TOWN, PARK, GARDEN ... 288
MOUNTAINS AND WADIS ..o e 290
THE ALLUVIAL PLAINS (PIEDMONT) ..ottt 292
THE SAND DESERT L. 293
COAST AND ISLANDS ..o 294
MAN-MADE WETLANDS L e 298
AGRICULTURE AND PLANTATIONS .. o 300
INTERTIDAL AREAS Lo e e 302
TERRESTRIAL MAMMALS Simon Aspinall, Peter Hellyer and Chris Drew,
with Christian Gross, Jane Ashley-Edmonds and Kevin Budd ..........................cccciii 307
HEDGEHOGS AND SHREWS (INSECTIVORA) ... 307
ARABIA'S SMALLEST MAMMAL: SAVI'S PYGMY SHREW Jane Ashley-Edmonds ........................ 308
BATS (CHIROPTERA) .. 308
CARNIVORES (CARNIVORA) ... 310
WOLVES AND FOXES (CANIDAE) ... 311
MONGOOSES (HERPESTIDAE) ... 313
HYAENAS (HYAENIDAE) ..o e 313
CATS (FELIDAE) ..o e e e 314
ARABIAN LEOPARD Kevin Budd and Jane Ashley-EdmMONdS ............c..cccooiiiiiiiiiiiiiiiiinii, 316
HYRAXES (PROCAVIDAE) ... 320
EVEN-TOED UNGULATES (ARTIODACTYLA) ...t 320
GOATS, SHEEP AND ANTELOPES (BOVIDAE) ...t 320
ARABIAN ORYX jJane AShley-EdMONGS ............ooiiiiiiiiiiiiie e 323
ARABIAN (MOUNTAIN) GAZELLE ... o 324
SAND GAZELLE .o e 327
CAPE HARE CRTIS DI@W .. .iiiiiiii e 328
RODENTS (RODENTIA) ... 330
SQUIRRELS (SCIURIDAE) ... ..o 330
JERBOAS (DIPODIDAE) ... 330
RATS AND MICE (MURIDAE) ... 331
GERBILS AND JIRDS (CIRCETIDAE) ... 332
SPECIES EXTINCT IN THE UAE OR PRESENCE NOT PROVEN ... 333
MARINE MAMMALS RobDert BAlAWIN .........c..cccooiiiiiiiiiiii e 335
BALEEN WH A LS L e 336
TOOTHED WHALES AND DOLPHINS ... 337

DUGONGS oo 342
CONSERVATION OF MARINE MAMMALS IN THE UAE ... 34




FOREWORD

THE UNITED ARAB EMIRATES IS A RELATIVELY SMALL COUNTRY and, to the
outsider at least, appears to be little more than a collection of barren
deserts and mountains, bordered by shallow seas. Yet its territory,
both terrestrial and marine, is of enormous scientific interest.

Its geology, best known for extensive reserves of sub-surface
hydrocarbons, has much to tell us about the way in which the
Arabian Peninsula was formed and contains fossils from several
periods, in some cases representing the best exposures of such
fossils to be found anywhere in the world.

Its terrestrial flora and fauna display remarkable adaptations that
permit them to survive amid the harsh and forbidding landscape, while
offshore, both in the Arabian Gulf and in the Gulf of Oman, there is a
variety of marine life that has much to offer the dedicated researcher.

Lying at the junction of three biogeographical zones, the biodiversity
of the UAE is not only considerable but is also of international importance, although it
lacks the abundance of species to be found in regions where climate is less harsh.

The first recorded scientific observations of the geology, flora and fauna of the UAE go
back over a century and a half. Over the course of the nearly three and a half decades
since the UAE was established, the pace of scientific research has grown dramatically -
in line with the country’s progress in other fields. Many species new to science have
been found, and knowledge has been gained that is of global significance.

This book provides an overview of the knowledge that has so far been amassed on the
country’s geology, palaeontology, natural history and environment. It represents, at the
same time, a celebration of the dedication shown by the professional scientists and others,
who have devoted so much effort to its collection and interpretation. It will, I hope,
provide an absorbing and illuminating insight into the country.

Through bodies such as the Environment Agency — Abu Dhabi (EAD), formerly the
Environmental Research and Wildlife Development Agency (ERWDA), the Government of
the UAE is demonstrating its commitment to the study and conservation of the country’s
environment and its biodiversity.

The UAE’s former President, His Highness Sheikh Zayed bin Sultan Al Nahyan, was
quoted as stating that: ‘A people that knows not its past has neither present nor future’
If we are to fully understand our past, we must understand the nature of the land and
seas in which our ancestors lived, and if we are to fulfil properly our responsibility to
provide for future generations, we must hand on to them the environment, flora and
fauna of which we are today merely the custodians.

This book will, I believe, make an important contribution to that process and will, at
the same time, help to introduce to others something about the country of which we are
so proud.

Hamdan bin Zayed Al Nahyan




The burrowing ghost crab Ocypode sp.. including (top left) a typical burrow entrance
and accompanying tower.




CRABS

CRABS ARE AMONG THE MOST DIVERSE, abundant, and ecologically important
groups of marine invertebrates. Little is known about UAE crabs, despite
several recent surveys, for example of the mangrove species of the Abu
Dhabi islands (Cooper 1997) and of Umm al-Qaiwain (Al-Ghais
and Cooper 1996) and, more generally, of intertidal habitats on
the mainland coastline (Hornby 1997). The most comprehensive
(unpublished) study was restricted to Dubai (Titgen 1982).
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Many crabs are small, camouflaged, or spend much of their time
in burrows or under rocks. Other, larger and more conspicuous
species occur only in deeper water.

The UAE crab fauna is dominated in terms of species richness,
abundance, and biomass by members of four families: the
Portunidae or swimming crabs, the Grapsidae and Ocypodidae,
many members of which are found in mangroves and other
intertidal habitats, and the Xanthoidea, a diverse and widespread
superfamily. In general, species diversity increases towards the
mouth of the Arabian Gulf, and is greatest on the East Coast of
the UAE (Apel and Turkay 1998).

Swimming Crabs (Portunidae)
Portunids are characterised by the
paddle-like hindmost pair of legs, an
adaptation to swimming.
Although some species are truly
pelagic and are found far from
shore, most portunids swim in
short bursts to pounce on prey or to
escape predators. The commonest local species
is Portunus pelagicus. When disturbed, this crab
shoots abruptly away for several metres before again freezing
into immobility and disappearing from sight.

The largest swimming crab in the world, the mangrove crab Scylla
serrata, occurs in Khor Ra’s al-Khaimah and Khor Kalba (Hogarth
and Beech 2001; Feulner 2002): it may reach 20 centimetres in
carapace breadth, and a weight of

2 kilograms. Despite its size,

Swimming crab
Charybdis sp.

Mangrove crab
Scylla serrata

Swimming crab ‘ 2% & Scylla is rarely seen, but its

Portunus pelagicus ,,? B presence is obvious from large
- Tass
% g

burrows in the mud. It is still
caught for food, although
protected, and has been eaten in the UAE for thousands of years;
remains have been identified from archaeological sites at,
for example, Kush, Rafaq and Kalba (Beech et al., in press).
Generally scavengers or predators, swimming crabs take fish or
other invertebrates such as molluscs. Scylla can crush almost
anything with its massive claws. Highly mobile, swimming
crabs may be important in the flow of energy and
material between habitats. Crabs may feed on
small invertebrates in a mangrove forest,
then migrate into a seagrass bed and
‘be eaten by fish. The productivity of one
habitat contributes to neighbouring
habitats, and swimming crabs are
probably one of the major channels
whereby this comes about. Swimming

crabs are also commercially significant

(Guinot 1966), Portunus pelagicus and
Charybdis natator commonly appearing in sougs in the UAE.
The holotype of the species Thalamita rubridens was collected
in 1995 from rocky areas east of Marawah, in western Abu Dhabi,
with paratypes from Ra’s Ghantut and Bazm al-Gharbi (Apel and
Spiridonov 1998).
Another species, Portunus arabicus, was first described
(as Neptunus [Hellenus] arabicus) from material collected in 1901,
off the island of Arzanah, in western Abu Dhabi, and Djibouti
(Nobili 1906).

Grapsid Crabs (Grapsidae)

Grapsus albolineatus, largest of the UAE’s grapsid crabs, lives on
small algae, which it scrapes off rocks in breaking waves. Grapsus
survives by clinging close to the rock surface with its spiky legs
and having a smooth, disc-like body which offers little resistance
to the waves. Potential predators (such as fish and birds) are unable
to operate easily in these conditions.

Perhaps the most ecologically important grapsids are found in
mangroves. Metopograpsus messor is probably a generalist (although
little is known of the habits of this widespread and common
species). Virtually restricted to mangroves are two rather similar




species, Parasesesarma plicatum and Perisesarma
guttatum (subfamily Sesarminae). The latter, only
recently recorded from the UAE,
is common in mangroves at
Ra’s al-Khaimah and Khor Kalba.

These two species - both
nondescript in carapace
pattern, but with conspicuous
orange claws — are amphibious,
foraging actively on the mud when the
tide is out, and being, therefore, marine
animals which have partially solved the
problems of life on land. Crab gills are efficient at extracting
oxygen from water, but are much less effective in air. Sesarmine
crabs extrude water from their gill chambers through the mouth,
and allow it to trickle over both upper and lower surfaces of their
carapace. These surfaces, particularly the lower surface, are
furnished with a pattern of short bristles which spread the water
out into a smooth-flowing film, forming a broad moist surface for
oxygen uptake. The reoxygenated water is then taken back into
the gill chambers where oxygen is transferred to the blood.
This recycling process forms, in effect, an external lung,
conserves water, and probably also helps to cool the crab by
evaporation — a neat combination of physiological trickery
(Hogarth 1999: 100-102).

Sesarmine crabs are voracious eaters of mangrove leaves. Low in
nutritional value, probably rich in aversive chemicals, this food is
directly eaten by virtually no other species. The sesarmine crabs

are, therefore, important in making mangrove productivity available

Grapsus albolineatus is the largest
grapsid crab in the UAE

to other species, partly through shredding leaves into

fragments which are more rapidly broken down by

. bacterial decomposition, partly by
assimilating the leaf material and being

_eaten in turn by other species.

*-"’ﬁ Extensive burrowing by

sesarmines (and other crab

species) also aerates the soil of

1 mangroves, enhancing tree growth.

! % Because of their ecological importance,

sesarmine crabs have been termed ‘keystone

species’, essential to the general function of
mangrove ecosystems (Hogarth 1999: 83-92; Hogarth 2001).

Ocypodid Crabs (Ocypodidae)

Largest of the UAE’s ocypodid crabs, the ghost crab Ocypode
rotundata, is seldom seen. It lives in burrows in the upper regions
of sandy shores, often marked by towers of sand which may
have a display function. Emerging to forage, often at dusk, its
tracks can sometimes be followed for hundreds of metres inland.
Rarely has a crab been better named: the scientific name of the
genus means ‘swift-footed’, and the common name from its
nocturnal habits and ivory colour and, perhaps, from its ability to
disappear suddenly.

Smaller ocypodids are deposit feeders, extracting particles from
surface layers of sand or mud, a complex process, involving
taking sediment in to the mouth parts, separating organic particles
from mineral by flotation, and detaching very small organic
particles from sand grains with specially formed microscopic




CRABS

Fiddler crab Uca sp.

bristles. The residue is deposited as pellets of sand. One species,
the tiny Scopimera crabricauda, is extremely numerous and can
process almost the entire surface of a sandy beach between one
high tide and the next.

The most striking ocypodid crabs are the fiddler crabs (Uca).
Several species occur in the UAE. Female fiddler crabs are
relatively inconspicuous, spending much of their time peacefully
processing sand. Males, in contrast, are positively flamboyant.
One claw is used in feeding, and is very similar to the claws of
females. The other is greatly enlarged and often brightly coloured.
This is waved vigorously to attract females or deter other males.
If the deterrent does not work, the claw becomes a weapon in
the subsequent joust.

Xanthoid Crabs (Xanthoidea)

The superfamily Xanthoidea comprises several closely-related
families. The Trapeziidae live exclusively in branching corals.
Small, but often brightly coloured, they have needle-sharp claws,
which may be as large as the rest of the crab’s body. These are
used in combat against other members of the species -
trapeziids are aggressively territorial — and in defending their coral
host against predators. The only species recorded from the UAE is
Tetralia glaberrima.

The remaining xanthoids are mainly carnivores, often robust
and slow-moving, with one claw specialised as a powerful crusher,
adapted to deal with hard prey such as molluscs or other crabs.
Within the superfamily the family Pilumnidae includes small and
inconspicuous species such as the hairy Pilumnus vespertilio, as
well as the purple and white Eurycarcinus orientalis, common in
mangrove lagoons. Largest of the xanthoids is Carpilius convexus
(family Carpiliidae), which can reach 14 centimetres in breadth.
Carpilius occasionally appears in sougs, although it is not rated
highly as food (Guinot 1966).

Many other species are found in the UAE. Spider or decorator
crabs (family Majidae) camouflage themselves by attaching weed,
sponges or shells to velcro-like bristles on their carapace: in some
species attached weed also serves as a travelling larder. The sponge

crab Dromidia unidentata trims a sheet of sponge to fit its carapace,
holding it in position with its diminutive last pair of legs. The
Leucosiidae are poorly known. Several species occur in the UAE,
although only three have been identified. Philyra scabriuscula occurs
low on sandy beaches, and Ebalia sagittifera and Pseudophilyra
blanfordi in mangroves. The only member of the family Calappidae
recorded from the UAE is Matuta lunaris, a strange-looking
animal whose walking legs are paddle-like, for swimming and for
digging into sand.

CRAB RELATIVES (ANOMURA)

Related to the true crabs (Brachyura) are the Anomura, a mixed
group that includes hermit crabs, porcelain crabs and others. Hermit
crabs often have impressive claws but, unlike true crabs, their
abdomen is soft. They protect themselves by occupying snail shells.

Like other crustaceans, hermits increase in size stepwise, after
moulting. Whenever a hermit increases in size, it must not only
cope with the hazards of moulting, but also find a snail shell to
match. Much time is spent squabbling over shells, generally in
short supply.

The commonest hermit species in the UAE is the small Diogenes
avarus, often aggregating in large numbers in mangroves.
Clibanarius longitarsus, also found in mangroves, grows to a few
centimetres in length and is often found in Terebralia shells.
Largest is Dardanus tinctor, a subtidal species that is occasionally
caught in fish traps.

Porcelain crabs are easily overlooked. Petrolisthes rufescens, red
in colour and with the glossy surface that gives their common
name, is found in mangrove mud. Its mouthparts carry long
flexible bristles, and it feeds by wafting these to and fro in the
water to sieve out fine particles.

Finally, the mole crab Emerita holthuisi, lives in sandy beaches.
It is rarely seen on the surface, but moultskins may be common
on the strandline.

Peter Hogarth and Mark Beech

Eurycarcinus orientalis is commonly found in mangrove lagoons.
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