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MARINE ECOSYSTEMS IN THE UAE / PREFACE

PREFACE

The lives of Emiratis have long been deeply influenced by the sea, its richness and treas-
ures. The marine environment has traditionally provided resources that have both sustained 
and supported locals through complex cultural, economic and social relationships. Indeed, 
coastal ecosystems in the Arabian Gulf contain a high biodiversity of flora and fauna that 
are extremely valuable for subsistence, fisheries, tourism and a variety of economic activities. 

The current outlook of these marine resources is of great concern as their status is declin-
ing mainly through overexploitation, pollution and coastal development. Yet, few people in 
the United Arab Emirates (UAE) are aware that this unprecedented rate of use of coastal 
resources is unsustainable and will have dramatic consequences in a not-so-distant future.

The development of an education program by the Emirates Marine Environmental Group 
(EMEG) has shown a gap in knowledge about the environment for most Emirati and expa-
triate students alike. Indeed, despite the recent substantial attention focused on environ-
mental and conservation issues, environmental education remains relatively neglected and 
underdeveloped at schools and universities in the UAE. 

Since the state of the environment impinges on the lives of the people, it is essential that 
students have a basic understanding of it. In fact, without such knowledge, these students 
will be unable to make informed decisions on highly publicised topics such as climate 
change, pollution and endangered species.

Through awareness, understanding and appreciation of environmental concepts, we believe 
it is possible to develop a solid foundation of knowledge about our natural and modified 
coastal ecosystems as well as our most valuable marine habitats. Although it is not possible 
to study all marine ecosystems comprehensively at once, it is possible to develop knowl-
edge and appreciation of nature and of the many interrelationships between these systems.
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…THE STATE OF THE ENVIRONMENT IMPINGES ON THE 
LIVES OF THE PEOPLE, IT IS ESSENTIAL THAT STUDENTS 
HAVE A BASIC UNDERSTANDING OF IT…

MARINE ECOSYSTEMS IN THE UAE / PREFACE

This book is designed to introduce readers to some of the most significant marine ecosys-
tems present in the Gulf and specifically the UAE as well as the threats they face. It includes 
research on current issues and updated references with information that can be tailored to 
different levels of difficulty by instructors. It is straightforward, written to be understood 
and will hopefully be a useful reference for educators, students and the general public alike.

It is my wish that those who read this book will learn to appreciate the marvels of the 
marine environment while realising its role in our day-to-day lives and the importance of 
preserving it for future generations.

Rima W. Jabado, Dubai
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INTRODUCTION

For millions of years, life has thrived on Earth supporting various forms of living 
organisms in a diversity of environments. These organisms have adapted to survive 
in almost every habitat that our planet has to offer, however unpromising the 
conditions. Indeed, the Arabian Gulf is characterised by harsh environmental condi-
tions and yet it is home to diverse marine ecosystems and a magnificent array of 
flora and fauna. The habitats that make up this body of water range from the barren 
ocean floor to highly productive near shore regions such as mangrove forests.

This book was written with a view to provide useful and updated information about 
these ecosystems while encouraging environmental education at schools in the 
UAE. It was developed to facilitate access to environmental material for educators 
and students alike. It aims to introduce teachers, students, professionals and anyone 
who has an interest in the marine environment to the principal coastal resources 
and major ecosystems found in the Arabian Gulf, their ecological role, the distinct 
assemblages of species they hold and the threats they face.

Teachers with little or no previous experience teaching an environmental topic 
will find in this book a useful instrument to design classroom activities and 
organize field trips related to UAE marine ecosystems. Each section presents basic 
information that can be interpreted and expanded to suit the specific needs of the 
educators. Furthermore, to reinforce the environmental concepts examined, each 
chapter is enriched with activities that can be used throughout all age ranges and 
that can be adapted and modified to suit a range of teaching contexts and levels.

This accessible text is suitable for students from all levels of high school and under-
graduate studies who require a concise overview of the major marine ecosystems 
in the Arabian Gulf and – to a lesser extent, in the Gulf of Oman. It assumes no 
previous environmental knowledge and therefore the language is straightforward and 
the information is presented with a minimum of technical terminology. While every 
effort was made to make this book as comprehensive as possible using the most up 
to date research and information, more work is required to fill the missing gaps and 
to provide complete coverage of the different ecosystems present in the Gulf.
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This book is divided into four sections that provide a broad overview of the Arabian 
Gulf, mangrove forests, seagrass beds and coral reefs. The first chapter, ‘The Gulf’, 
introduces this body of water, briefly exploring its history, political boundaries, 
biodiversity and the various ecosystems found bordering it. The remaining three 
chapters focus on the most productive marine systems found in this body of 
water. Although each ecosystem is covered in a different chapter, it is important to 
recognize that no ecosystem can exist independently of the others and that there 
are no clearly defined boundaries between them. Each chapter therefore focuses on 
providing basic information on the characteristics of these different systems, their 
distribution, functions, uses and threats to them in the United Arab Emirates.

We hope you will enjoy using this book as much as we have enjoyed exploring the 
topics covered and writing about them. We also hope this book will enrich the readers’ 
understanding of environmental concepts and issues while providing ideas and 
insights into exploring and researching environmental issues in a more general sense.

MARINE ECOSYSTEMS IN THE UAE / INTRODUCTION
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1.1 THE GULF

The Arabian Gulf (also known as the Persian Gulf or the Regional Organisation for 
the Protection of the Marine Environment (ROPME) Sea Area) is a relatively small, 
shallow, semi-enclosed sea, connected to the Indian Ocean through the narrow 
Strait of Hormuz at its western end. The Gulf, as it is referred to throughout this 
book, lies in a subtropical zone located between the latitudes of 24° and 30° N and 
longitudes 48° and 57° E. This epicontinental sea, in the subtropical northwest of 
the Indian Ocean, covers an area of approximately 230,000 km2.

Unlike many of the world’s oceans, which were formed several hundred million 
years ago, the Gulf is a relatively young sea dating back to approximately 3.5 
million years. The Arabian Peninsula lies entirely on the Arabian tectonic plate 

with a northeast boundary in western Iran colliding with the Eurasian plate. 
Therefore, the creation of the Gulf resulted from tectonic events that also led to 
the formation of the Iranian Zagros mountain chain. Between 21,000 to 18,000 
years ago, during successive glacial periods, the sea was almost completely dried 
out and became isolated from the Indian Ocean. Its marine life was completely 
destroyed, turning the Gulf into a large swamp plain and as such, the drowned 
estuary of the Tigris and Euphrates river forming basins flowing in the middle of 
it and emptying in the Gulf of Oman. This post-Quaternary sea started refilling 
during the Holocene transgression about 15,000 years ago and reached its current 
sea level around 6,000 years ago. Since then, the sea level has remained relatively 
stable around its present level.

These historic events have presumably contributed to the relatively low biodiver-

sity of the Gulf today, determined the present marine and intertidal biota of this 
body of water, and imposed harsh conditions on these organisms. In fact, the Gulf 
is characterised by extreme environmental variables including low hydrodynamic 
energy, relatively shallow depths, high evaporation rates, high sea surface tempera-
tures, high salinities and limited water exchange. Therefore, the Gulf is essentially a 
sedimentary basin lying over a continental shelf sloping into the narrow Strait of 
Hormuz and connected to the waters of the Arabian Sea and the Indian Ocean. It is, 
however, an extremely important economic, political and strategic aquatic resource.

ACTIVITY //  
CREATE A CHRONOLOGY 
OF THE CREATION OF THE 
GULF FROM  
PRE-GLACIAL PERIODS TO 
THE PRESENT DAY.
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ACTIVITY //   
RESEARCH TERRITORIES, 
ISLANDS AND COUNTRIES 
IN THE WORLD THAT ARE 
STILL DISPUTED. WHAT 
ARE THE CAUSES OF 
THESE DISPUTES? HOW 
DO YOU THINK THESE 
COULD BE RESOLVED?

1.2 POLITICAL BOUNDARIES

The nearly 990 kilometres long Gulf is bordered by eight countries: Iran, Iraq, 
Kuwait, Saudi Arabia, Bahrain, Qatar, the United Arab Emirates (UAE) and 
Oman. The UAE encompasses some 650 kilometres of western coast of the 
Gulf. The Gulf at its narrowest point, the Strait of Hormuz, is approximately 
60 kilometres wide (Figure 1.1). It is connected to the western Gulf of Oman 
and the Arabian Sea through this constricted entrance and the presence of 
large quantities of oil and natural gas in the Gulf has made it one of the 
most strategically significant waterways of the world. In fact, in terms of 
geography, geopolitics, resources, global political economy and regional 
influence, the Gulf is surrounded by the world’s most significant group of 
countries.

The region’s history of war and revolution as well as the discovery of oil 
and gas fields has shaped its political boundaries and some areas in the 
Gulf are still disputed. In fact, before the era of oil discovery, most Gulf 
States made little effort to delineate their territories and official boundaries. 
Arab tribes were loyal to their leaders or sheikhs and generally roamed the 
Arabian desert according to the needs of their herds. It was only once the 
first oil concessions were signed in the 1930s that the concept of national 
boundaries was developed. While borders were not officially demarcated, the 
British defined boundaries for each country and until the 1970s, their forces 
maintained peace and order in the region. However, this system left oppor-
tunities for conflict especially in areas where the most valuable oil deposits 
were found and soon after the British forces were removed, territorial claims 
and disputes arose. While many of these contentions, such as Iran’s claim 
to Bahrain or Saudi Arabia, UAE’s and Oman’s claim to the Al Buraimi Oasis, 
have been resolved over the years, some remain unsettled. In fact, for over 
a century, Iran has claimed the islands of Abu Musa, Tunb Al Kubra (Greater 
Tunb) and Tunb Al Sughra (Lesser Tunb) which are strategically located close 
to the Strait of Hormuz between Iran and the UAE. While British forces had 
transferred the islands to the UAE, Iran occupied them until the 1990s. In 
1992, the Emirate of Sharjah reached an agreement with the Iranian govern-
ment regarding the joint administration of Abu Musa. However, ownership of 
the remaining two islands of Tunb is still under dispute with the Emirate of 
Ras Al Khaimah.

EUPHRATES RIVER

TIGRIS RIVER

IRAQ

KUWAIT
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1.3 HISTORY AND CURRENT IMPORTANCE

Around the world, people have been attracted to the shores of the Gulf for 
centuries. Indeed, this area has been historically famous for its precious pearl 
oysters with Arabian sailors and merchants establishing trade networks with 
distant areas in the Far East before the tenth century AD. Pearl banks situated 
in the shallow waters along the Arabian shores off Bahrain, Qatar and Abu 
Dhabi were the richest areas and allowed the pearling industry to flourish. 
Oysters of the species Pinctada radiata and Pinctada margaritifera were the 
main targets for pearls but Pteria macroptera oysters were also collected for 
the mother-of-pearl market. 

By the early 20th century, Manama in Bahrain and Dubai in the UAE were 
recognised as the most prominent pearling centres in the Gulf. From these 
centres, the majority of the pearls were traded to Mumbai in India before 
being redistributed to the global market. This industry, and the regional 
economy as a whole, started to collapse during the 1920s when cultured 
pearls from Japan appeared on the market. Furthermore, the global depres-
sion that struck in the following decade severely impacted the global market 
for pearls. However, this industry did not completely die off until much later 
even though its traditional form vanished early on and pearls started to be 
collected using motor-launches and diving equipment until the end of the 
20th century. 

ACTIVITY //   
HOW ARE PEARL OYSTERS FORMED IN THE WILD? HOW ARE THEY 
NOW ARTIFICIALLY BEING CREATED?
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The end of over 7000 years of pearling in the region was also marked by 
the discovery of oil in the 1930s. The first discovery of oil in the Gulf region 
occurred in Bahrain in 1932 and much later in 1958 in Abu Dhabi waters. This 
discovery now shapes the whole region and the area has become of global 
importance. In fact, in the last forty years, the Gulf has experienced phenom-
enal growth and coastal development directly associated with the discovery 
of oil. Between the eight Gulf countries, reserves of 76 billion metric tons of 
recoverable oil and 32.4 trillion cubic meters of natural gas are distributed. 
This means that approximately 57% to 66% of the proven oil reserves and 
45% of natural gas reserves of the world lie in the vicinity or beneath the 
seabed of the Gulf. The four countries possessing the largest oil reserves in 
the Gulf include Saudi Arabia (25.5%), Iraq (10.9%), the UAE (9.5%) and Iran 
(8.8%).

The Gulf has also been famous because of wars and political conflicts during 
the last two decades but it is because of its huge oil and gas reserves that it 
has become an important area. The presence of such large quantities of oil 
in the Gulf region demonstrates the geographical and political importance of 
this enclosed body of water.

17

MARINE ECOSYSTEMS IN THE UAE / THE GULF



1.4 CHARACTERISTICS

The characteristics of the Gulf are determined by its shallow depth, extreme 
air and water temperatures, high evaporation rates and restricted circulation 
with the Arabian Sea through the Strait of Hormuz. The resulting offshore 
environment is harsh, with salinity extremes exceeding those of most other 
areas of the world.

Size and bathymetry

The Gulf is a sedimentary marine basin, measuring approximately 1000 
kilometres in length and ranging from 185 to 340 kilometres in width. 
The water of the area lies mostly in the photic zone and due to its sloping 
topography and its favourable environment to carbonate producing biota, the 
Gulf is sedimentary by nature, with a soft benthic substrate.

The floor slope is a gradual decent in the north and runs roughly parallel to 
the Iranian coast with the deepest depression found along the north Iranian 
side. The average depth is 35 metres with most of the basin being less than 
60 metres in depth. It inclines towards the south and is generally deeper in 
the southeast where depths of 100 to 160 metres are found and is deepest 
near its entrance in the Strait of Hormuz. This opening has the largest scale 
bathymetric changes while the remaining Gulf is stable and lacks a conti-
nental shelf edge. The eastern region is very shallow with extensive intertidal 
areas that are less than 5 metres in depth but up to 5 kilometres in width. 
This shallow characteristic allows strong benthic primary production and it 
is believed to be one of the most productive bodies of water in the world.
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MARINE ECOSYSTEMS IN UAE / CORALS

THE COASTLINE OF THE UAE IS DOTTED WITH SMALL ISLANDS, SHALLOW LAGOONS, AND CHANNELS.
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Climate, Temperature, Salinity

The Gulf is located in a subtropical zone with a hyper-arid climate. The region 
is renowned for its extreme heat and dryness that are mainly due to the 
coastal mountains that separate the Arabian Peninsula from the sea. Further-
more, the surrounding arid land masses and the lack of oceanic buffering 
cause marked seasonal fluctuations with high summer heat, winter cold 
extremes and low rainfall resulting in some of the most remarkable effects 
seen in tropical areas. The eastern zones of the Gulf are the only exception to 
these climatic conditions as they are affected by the Indian Ocean monsoon 
leading to sparse rainfalls.

Air temperatures in the region frequently reach around 0 °C in winter and 
50 °C and above in summer. These climatic variations are strongly influenced 
by prevailing winds. ‘Shamals’ are northwest winds that can occur year round 
and can be nearly continuous from June to July. These thermal winds build 
up strongly and hit the coast obliquely. They can be some of the strongest 
winds experienced in the Gulf and can carry with them large quantities of 
dust and sand that are deposited into the seawater. These winds, which are 
often caused by differences in the temperature of the land mass and the 
water, can result in large waves raising the sea level by up to 0.3 metres and 
vertical mixing of the water column. These winds can also blow during the 
night, lowering the sea level and exposing shallow reefs. The resulting desic-

cation effects have a marked influence on the distribution of mangroves and 
coral reefs. During the winter months, winds of up to 65 kilometres per hour 
generally blow down for three to five days at a time, reducing air tempera-
tures to near freezing and creating waves of up to 6 metres in height as well 
as surface currents.

EXTENSIVE INTERTIDAL AREAS CAN BE FOUND ALONG THE EASTERN REGION OF THE GULF.
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Water temperatures reflect these harsh conditions and fluctuate in near 
shore waters between 10 °C and 39 °C, a difference of 29 °C, and more 
moderately offshore between 18 °C and 33 °C. The rapid drop in seawater 
temperature of about 10 °C usually occurs between late November and 
December marking the transition between the warm and cold season. This 
usually coincides with the onset of the ‘shamals’ and lasts until April. During 
these extreme northerly winter winds, water temperatures in shallow areas 
have been reduced to as low as 4 °C off Qatar, 7 °C off Kuwait, and 14 °C 
offshore. While many organisms in the area live at the limits of their physi-
ological tolerance and are able to survive these extreme thermal variations, 
this dramatic drop in temperature limits the range of many important biotic 
groups and also results in extensive mortality of large parts of the near shore 
tropical fauna.

The Gulf’s arid climate also influences the salinity of the sea. The water 
enters the Gulf through the Strait of Hormuz at a normal oceanic salinity of 
36.5 and 37 parts per thousand (ppt). The surface drift current is largely wind 
driven and is deflected by the Coriolis effect towards the western Iranian 
coast. The lack of fresh water input into this basin, limited to the Tigris, 
Euphrates and Karun rivers which empty into the Shatt Al Arab waterway 
as well as the Iranian Hendijan, Hileh and Mand rivers which descend from 
the Zagros mountains, also affect the salinity. Furthermore, the high aridity, 
higher summer temperatures and high evaporation rates influence salinity 
levels which generally range between 38 and 42 ppt within the Gulf, with 
extreme values exceeding 70 ppt in some semi-enclosed coastal basins. The 
region north of Al Khobar in Saudi Arabia has salinity ranges of 38 and 42 
ppt due to the diluting influence of the Shatt al Arab freshwater discharge 
particularly during the winter months when there are some heavy downpours 
and the flow is greatest. However, effects of freshwater runoff are mostly 
insignificant to the near shore marine environment due to the low annual 
rainfall. These high salinities influence many localised biological communities 
leading to the formation of supra-tidal flats, called sabkhas, as well as shallow 
areas that foster extensive algal mats.
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Evaporation, water circulation and tides

Within the Gulf, high evaporation rates are due to high temperatures in the 
summer and dry alternating northeast and northwesterly winds in the winter. 
The evaporation rate is estimated to be 350 km3 per year and exceeds the 
combined precipitation and fresh water input from the Shatt al Arab and 
the Iranian rivers whose 110 km3 per year of freshwater contribute between 
10 and 46 cm to the sea level yearly. Therefore, the high loss of water is not 
compensated and the mean annual net evaporation rate is equivalent to the 
sea surface lowering at a rate of 140 to 500 cm per year. This mostly occurs 
in two extensive and very shallow southern embayments along the Saudi 
Arabian and UAE coast where evaporation locally exceeds 2000 cm per year. 
This creates a consistent density dependent reverse anti-clockwise flow from 
the Indian Ocean into the Gulf and the net water loss is replaced by surface 
inflow from the Gulf of Oman.

The high evaporation rate combined with the narrow opening of the Strait of 
Hormuz has led to the formation of the saline, dense water found in the Gulf. 
In fact, this evaporation, low temperatures as well as the increased density 
of seawater drive important circulation patterns in the Gulf. The current 
flows into the Gulf along the Iranian coast at approximately 10 to 20 cm 
per second and then flows around the water basin in a counter-clockwise 
direction. Under the influence of the Coriolis force, this highly saline and 
dense water flows out of the Gulf into the deepest part of the Strait of 
Hormuz below the inflowing fresher surface water. The exiting water spreads 
at a 200 to 350 metre depth within the Gulf of Oman (Figure 1.2). Circula-
tion patterns based on modelling have shown that a complete turnover of 
waters in the Gulf is estimated to take anything between 2.5 to 7 years. 
Flushing time is estimated to be about 3 to 5.5 years because of the effects 
of vertical mixing and other turbulent processes. 

The effects of tides in the Gulf are insignificant and the circulation of marine 
water is mainly driven by winds and density gradients. However, tides have 
a localised effect and tidal fluctuation in the area can reach over one metre 
and exceed 3 metres in the Shatt al Arab area. The tidal regime is essentially 
a semi-diurnal pattern especially during neap tides when two well defined 
high and low water levels prevail each 24-hour period. However, during

ACTIVITY //  
EXPLAIN TIDES AND 
THEIR CAUSES. IN WHICH 
REGIONS OF THE WORLD 
DO THE HIGHEST AND 
LOWEST TIDES OCCUR?
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spring tides, the tidal movement is mixed with minimal differences in height 
and time between one pair of adjacent high and low peaks every day. During 
the summer months, the lowest spring tide of each period occurs in the early 
morning while it occurs in the middle of the day from November to February. 

Figure 1.2 // Major current flows in the Gulf (from Sheppard et al. 1992). 
Mechanisms causing the density gradient in the Gulf and the flow through 
the Strait of Hormuz. Light arrows are incoming surface water from the Gulf 
of Oman. Dark arrows are a denser, deeper water flow. Light shading in the 
Gulf shows ‘‘wedge” of water of increasing density.
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MACRO ALGAE SUCH AS PADINA SP. CAN BE FOUND ON THE ROCKY 
SHORES OF SOME OFFSHORE ISLANDS IN THE UAE.

MARINE ECOSYSTEMS IN THE UAE / THE GULF
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1.5 HABITATS

Within the Gulf, three main areas provide exceptional conditions. In the North, 
the Shatt al Arab waterway represents the only region which is estuarine 
and which supports an abundance of marsh plants. Between the western side 
of Qatar extending to the south of Bahrain, the Gulf of Salwah has extreme 
conditions due to several hydrological parameters and is illustrated by 
expanses of hyper saline algal mats in the south. Finally, the complex of barrier 
islands and shallows off the coast of the UAE restricts water exchange but the 
shallow nature of the area supports a rich and productive system.

These areas encompass a variety of ecosystems and habitats that contribute 
to the high biodiversity in the region. Mangrove forests, seagrass beds and 
coral reefs represent some of the richest habitats and high diversity marine 
environments found in the Gulf. Information regarding these habitats is not 
provided in this chapter as detailed descriptions can be found within the 
remaining chapters of this book. Other critical habitats include islands, tidal 
inlets (khors), extensive intertidal flats and saltmarshes and are either highly 
productive, highly diverse or serve as essential feeding or breeding grounds for 
a multitude of species. Descriptions for some of these habitats are provided 
below.

Estuarine systems 

The only regionally important estuarine system in the Gulf is the Shatt al Arab 
where the Tigris and Euphrates rivers enter the northern Gulf. This estuary 
provides a strong dilution of the salinity in the northern Gulf as well as a 
connection for species and nutrients between the marshes and the northern 
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Gulf waters. The marshes are extensive areas of mostly Phragmites reeds. 
These areas have recently been heavily impacted and damaged by military 
activities and human settlements.

Salt marshes, sabkhas and mudflats

The muddy substrate is a widespread habitat in the Gulf and extends from 
inter-tidal saltmarshes and flats to the maximum depths of this body of 
water. Sabkhas are hypersaline wetland areas typical of desert regions that 
are often found in association with seagrass beds. These unique ecosystems 
can be flooded during high tides and are usually found just above the sea 
level at that time. When the sea recedes and the water evaporates, a salty 
crust and pools of algal mats or cyanobacteria mats are formed. These highly 
productive tidal flats and shallow bays support rich flora and fauna including 
thousands of migratory and sedimentary birds; provide nursery grounds 
for fish, oysters and shrimps; and serve as feeding areas for green turtles 
(Chelonia mydas). They are generally distributed along the north and west of 
the Gulf, in Iraq at Khor Abd, in Kuwait Bay, in northeast Bahrain, as well as 
along most of the Qatari and Emirati coastline. In Saudi Arabia, they cover 
approximately 1000 km2 mainly in Tarut Bay, Musharihah and Musallamiyah. 
These tidal flats support dense algal mats where a number of diatoms of all 
sizes, invertebrates, sting rays, juvenile fish as well as filamentous blue-green 
algae play a critical role in grazing food chains, carbone dioxide assimilation 
and stabilizing the mud.

Sandy coastlines 

Sandy beaches are generally of low biological productivity and are dominated 
by gastropods and ghost crabs (Ocypode spp.). These are distributed along all 
Gulf countries shorelines including some 350 kilometres of the Saudi Arabian 
and most of the remaining undeveloped UAE coastlines. They are considered 
significant habitats on many offshore islands. In fact, many species of marine 
turtles (particularly the hawksbill turtle, Eretmochelys imbricata) as well as 
birds including eight species of terns of which the lesser-crested tern (Sterna 

bengalensis) and the white-cheeked tern (Sterna repressa).
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Subtidal sand and rocky habitats

Subtidal and rocky habitats represent important grounds for shrimps and 
oysters. The major species that can also be found in these habitats include 
a variety of dense brown algae such as Sargassum spp., Padina sp. and 
Colpomenia spp., amongst which can be found numerous molluscs, particu-
larly gastropods and several species of bivalves and sponges. Muddy bottoms 
are known to support up to 600 species of flora and fauna while rocky 
substrates can support some 200 species. While these habitats are patchy 
and limited in their occurrence, rocky habitats occur along much of the west 
coast of the Gulf, especially in inshore waters and in some offshore islands in 
Abu Dhabi. However, most of the Iranian shoreline is rocky in character. 

Islands

The bottom topography of the Gulf is mostly flat and featureless with soft 
sediment substrate. However, the Gulf boasts over a hundred inshore and 
offshore islands that serve as natural breakwaters reducing currents and 
waves as well as enhancing sedimentation in the surrounding lagoons. Many 
of these islands are tiny sandy or shelly shoals. The restricted water flow and 
the high salinity between them still allows for areas that are rich and biologi-
cally productive. Larger offshore islands are generally made of limestone 
and domes of salt rocks such as Zirku, Dalma, Sir Bu Nair, Qarnein and Sir 
Bani Yas in the UAE. In the past 10 years, new man-made islands have been 
constructed in the Gulf mainly for recreational purposes.

THE WHALE SHARK, RHINCODON TYPUS, IS A FILTER FEEDING SHARK AND THE LARGEST EXTANT FISH REACHING  
OVER 15 METRES IN LENGTH. LARGE AGGREGATIONS OF THIS SPECIES HAVE BEEN REPORTED FROM QATAR AND  
THEY ARE SOMETIMES SIGHTED IN MARINAS ACROSS THE UAE.
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1.6 FLORAL AND FAUNAL DIVERSITY

At the species level, the Gulf is considered by many as a biologically 
impoverished sea partly due to its relatively young age but also because 
of its extreme environmental conditions. In fact, many major taxonomic 
groups and species that are abundant in the Indian Ocean and adjacent seas 
at similar latitudes are not found in these waters. Furthermore, deep-sea 
organisms have not established populations due to the shallow hydrography 
of the area. However, as a branch of the Indian Ocean, this body of water is 
unique and unusual in its faunal assemblages. It is home to a wide variety 
of species and biota that have recolonized the area from the Indo-Pacific 
and are able to withstand the harsh temperature extremes. Its high benthic 
productivity, mainly due its shallow nature, makes it one of the most produc-
tive bodies of water in the world. Species composition is influenced by the 
substrate, habitats and the proximity to the Shatt al Arab estuary. It has 
been reported that over 550 species of fish can be found in the Gulf while 
populations of other fauna are extremely diverse and population densities are 
comparable and sometimes even higher than those of other tropical areas. 
While some research has been conducted on various species, more data and 
research is needed to determine the status of various populations and their 
conservation needs.

Birds 

The Gulf region is very important for birds with an estimated one to two 
million birds overwintering or stopping on their migration route from Asia, 
Russia and Europe. In fact, at least 70 species of coastal and marine birds are 
generally observed during the winter across the region and include species 
such as waders (i.e. Kentish plover, Charadrius alexandrinus, broad-billed 
sandpiper, Limicola falcinellus); gulls and terns (i.e. herring gull, Larus argen-

tatus, Caspian tern, Sterna caspia) which breed on the islands and marshes 
of the region; pelicans (i.e. Dalmatian pelican, Pelecanus crispus); cormorants 

A LARGE BREEDING COLONY OF SOCOTRA CORMORANT (PHALACROCORAX 
NIGROGULARIS) ON UMM AL KURKUM ISLAND IN ABU DHABI.
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(Socotra cormorant, Phalacrocorax nigrogularis); Herons and Egrets (grey 
heron, Ardea cinerea, western reef egret Egretta gularis); as well as the 
Greater flamingo (Phoenicopterus roseus) which has sizeable populations 
throughout the region.

Information on birds in the region has been collected for many years and 
it is clear that some areas, such as wetland sites in Iraq and Iran, as well as 
some species, are of high conservation concern. In fact, while populations of 
the Socotra cormorant extend marginally to the Gulf of Aden, this species is 
considered threatened and is of particular concern as its main breeding area 
is the Gulf. In recent years, declines in the numbers of this species have been 
reported from across the region in significant areas such as Al Uqayr Bay 
and Zakhnuniyah island in Saudi Arabia, Zirku and Umm Al Kurkum islands 
in the UAE and some parts of Bahrain. These declines are directly related to 
disturbance of their breeding colonies and oil pollution. 

Marine mammals

Little information currently exists on the cetaceans present in the Gulf. Most 
data on species and distribution has been collected from various environ-
mental reports and occasional strandings. The most common species include 
the Indo-Pacific humpback dolphin (Sousa chinensis) and the bottlenose 
dolphin (Tursiops truncatus), which are commonly sighted in inshore and 
shallow coastal areas, as well as the common dolphin (Delphinus delphis), 
which is usually found in relatively deep offshore waters. The finless porpoise 
(Neophocaena phocaenoides) is a rare species but has also been reported in 
Gulf waters. Various species of whales have also been recorded in the Gulf 
including the Bryde’s whale (Balaenoptera edeni) but little information is 
available on the various whale species. While most of these species are not 
considered threatened, they are highly susceptible to a multitude of threats 
including habitat degradation and oil pollution.

Other marine mammals of local and global importance include the dugong 
(Dugong dugon), which is found on the western and southern coastline 
between Ras Tanurah in Saudi Arabia and Abu Dhabi in the UAE. This popula-
tion of dugongs is considered the second largest in the world after Australia 
with an estimated 7,310 animals (+/- 1,300).
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Marine reptiles

Five of the seven existing species of marine turtles are known to occur in 
Gulf waters including the hawksbill (Eretmochelys imbricata), green (Chelonia 

mydas), loggerhead (Caretta caretta), olive ridley (Lepidochelys olivacea) and 
leatherback (Dermochelys coriacea) turtles. However, only the green and the 
hawksbill turtles have been frequently documented foraging and nesting 
in the region. All species of marine turtles are globally threatened and the 
populations of greens and hawksbills in the Gulf are of international impor-
tance. Significant numbers of green turtles nest on islands off Saudi Arabia 
(including Karan, Kurayn, Jana, Harqus and Jurayd) from May to September 
each year. A small number of hawksbills use the shores of some Saudi Arabian 
islands to nest but are found in significant numbers off islands in the UAE 
(including the majority of islands in Abu Dhabi as well as Sir Bu Nair island) 
and Iran (including Shitvar, Lavan, Queshm and Larak). 

Nine species of sea snakes have been recorded in the Gulf including the 
Arabian Gulf sea snake (Hydrophis lapemoides), beaked sea snake (Enhydrina 

schistosa) and yellow-bellied sea snake (Pelamis platurus). These species are 
commonly sighted off the coastal areas of the Gulf but in reality very little is 
known about their abundance and their distribution.

Elasmobranchs

Very little information is currently available on shark and batoid species 
as well as their population status in the Gulf. Some common sharks 
include larger species such as the whale (Rhincodon typus), hammerheads 
(Sphyrna spp.), tiger (Galeocerdo cuvier), bull (Carcharhinus leucas) and 
lemon (Negaprion acutidens) sharks while smaller animals include milk 
(Rhizoprionodon acutus) and slit-eye (Loxodon macrorhinus) sharks. Even 
less information has been collected on the rays and guitarfishes found in the 
region although the most frequently sighted and reported rays are from the 
Dasyatidae family. Because most species of elasmobranchs are threatened 
throughout their range, all species found in the Gulf are of international 
importance.
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THE PAINTED SWEETLIPS, DIAGRAMMA PICTUM, CAN OFTEN BE SEEN ON 
OPEN MUDDY OR SILTY SUBSTRATES IN SHALLOW COASTAL AREAS.
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1.7 OVERVIEW OF THREATS

The Gulf is a highly stressed body of water due to its prevailing harsh envi-
ronmental conditions and as the result of anthropogenic activities. Since the 
discovery of oil, the Gulf region has experienced a boom in economic activities 
and an unprecedented coastal development that has introduced a number of 
ecological stressors challenging its ecological integrity and sustainability. These 
stressors include pollution from the petrochemical industries as well as sewage 
treatment and desalination plants, habitat degradation from dredging and coastal 
reclamation, exploitation of natural resources from fishing and recreational 
activities. While these activities have brought widespread prosperity to the region, 
they also have a cumulative impact that is affecting the whole Gulf ecosystem. 
Furthermore, there is limited exchange of information and cooperation between 
all bordering countries, which constrains the management of these impacts.

Oil and gas industry

Gulf countries currently own over 50% of the world’s oil and natural gas reserves. 
The Safaniya area in Saudi Arabia is the largest known offshore oil field in the 
world while the Al Shaheen area off Qatar contains the largest reserves of natural 
gas. This has promoted the development of cooperation between several countries 
both regionally and internationally but has also resulted in major political 
conflicts in the area. Furthermore, oil production as well as its related industries, 
is considered as the leading cause of the increase of population densities in Gulf 
countries and the human impact on the marine ecosystem. Indeed, the effects 
of the petrochemical industry have had both direct and indirect impacts on the 
environment through accidental and sometimes intentional oil spills.

The Gulf is considered a unique marine ecosystem in its natural capacity to 
self-purify from oil spills. However, it is also extremely vulnerable to oil pollution 
because the system is flushed very slowly through the Strait of Hormuz. Therefore, 
major oil spills can have long lasting effects on the marine environment. The 
Nowruz oil well blow-out in 1983 resulted from hostilities between Iran and Iraq. 
It was the longest recorded blow-out and lasted almost eight months. During this 
time, an estimated half a million barrels of oil leaked into the Gulf. The Gulf War 
oil spill in January 1991 was the largest in history and a severe environmental 
disaster. During military hostilities, over 700 Kuwaiti oil wells were destroyed and 
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set on fire by retreating Iraqi forces. It is estimated that between 2.5 and 4 
million barrels of crude oil were intentionally dumped into the Gulf. The oil 
covered about 15,000 km2 of the sea surface and blackened approximately 
500 kilometres of coastline between Kuwait and Saudi Arabia. The damage 
affected desalination plants, the coastline, salt marshes, mangroves, and killed 
a variety of wildlife. In fact, at least 30,000 marine birds died from exposure 
to the crude oil. Furthermore, on the eastern coast of Saudi Arabia, over 20% 
of mangroves and 50% of coral reefs were impacted by oil contamination. 
Finally, the oily rain from the burnt oil doubled the amount of oil spilled 
directly into this body of water. International and local authorities made 
extreme efforts to clean the spill but the oil reached bottom sediments 
covering and killing sessile living flora and fauna.

The Gulf has also been the major waterway for oil transport in the past 50 to 
60 years. Annually, about 20,000 to 35,000 oil tankers pass though the Strait 
of Hormuz and discharge ballast water resulting in discharges of 5 to 9 million 
metric tons per year. Ballast water from tankers into coastal areas has also had 
an effect on the marine environment through the release of organisms and 
sediments that have been carried from ports in other parts of the world. These 
introduced species can significantly alter biodiversity and have been blamed 
for newly recorded environmental phenomena such as red tide and fish kills.

ACTIVITY //   
RESEARCH THE TERM ‘OIL’ AND EXPLAIN WHICH TYPES OF MATERIALS 
IT CAN REFER TO. HOW ARE EACH PRODUCED? WHAT ARE THE MAIN 
DIFFERENCES BETWEEN THEM? HOW ARE THEY GENERALLY UTILISED? 

THE AL SHAHEEN OIL FIELD OFF THE NORTH EAST COAST 
OF QATAR IS THE LARGEST GAS FIELD IN THE WORLD.
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Desalination plants and water quality deterioration

The rapid industrial development and population growth in Gulf countries 
had lead to a large and growing need for the availability of freshwater and 
therefore desalination plants. Desalinated water is needed for domestic 
use as well as industrial and agricultural uses. In countries like the UAE, 
desalination plants supply 98% of the freshwater demand in the country. All 
plants along the shorelines of the Gulf are discharging their effluents, after 
a limited treatment process, into Gulf water. These effluents contain various 
chemicals, heated water, and brine containing salt concentration up to 2.5 
times of the seawater salinity. The continuous dumping of such effluents can 
directly impact coastal ecosystems, marine species, and can have implica-
tions on water quality.

Water quality is also severely deteriorated due to untreated sewage 
discharged at several sites. This can cause local eutrophication, fish kills, solid 
and grease mats as well as algal growths. Sewage treatment plants are being 
developed to alleviate some of these problems, however illegal discharge 
still occurs frequently. Finally, the increased population of all Gulf countries 
will lead to an increase in the discharge of many industrial and domestic 
effluents into these waters, further threatening the marine environment.

Coastal reclamation, dredging and artificial structures

In the past two decades, various Gulf countries have started undertaking 
massive construction activities along the coast. With oil and gas reserves 
expected to expire in the next 30 to 50 years, governments are aiming to 
invest profits from the petrochemical industry to develop and promote the 
Gulf as a regional trading and commercial hub. Currently, over 40% of the 
Gulf coastline has been developed through intensive dredging and coastal 
reclamation activities that have increased the pressure on the marine envi-
ronment. These activities have been undertaken to build islands, residential 
developments, ports, bridges, shipping channels, causeways, jetties, piers and 
other artificial structures.

ACTIVITY //  
RESEARCH DESALINATION  
PLANTS IN THE GULF 
AREA. HOW DO THEY 
WORK AND WHAT IS 
THEIR IMPACT ON THE 
MARINE ENVIRONMENT? 
CREATE A MAP OF 
CURRENT AND PROPOSED 
PLANTS ALONG THE GULF 
SHORELINES.
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MILLIONS OF BIRDS CAN BE SEEN DURING THE WINTER 
SEASON MIGRATING FROM ASIA, RUSSIA AND EUROPE.
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Bahrain has added 39 km2 of landmass to its territory while Kuwait has 
reclaimed considerable parts of the intertidal area in front of Kuwait city. 
Saudi Arabia has developed approximately 40% of its coastline especially in 
Jubail, Tarut Bay, Dammam and Khobar. These coastal developments across 
countries have affected shallow sub-tidal habitats including mangroves that 
are highly productive and form nursery and feeding grounds for many species 
of commercial fish and shrimps. In Qatar, large areas of seagrass have been 
affected during the development of coastal projects. Finally, the construction 
of the largest man-made islands in the world in the UAE has had a significant 
impact on a number of habitats. The Palm Jumeirah, Palm Jebel Ali and 
Waterfront as well as the World islands have caused a modification of coastal 
hydrodynamics. These alterations can eventually lead to new hydrodynamic 
patterns and cause strong eddies, erosion or accretion processes. All these 
projects also increase sedimentation, which can directly smother habitats 
or may limit the process of photosynthesis for communities such as corals. 
Once completed, these projects will also have an increased effect on the 
environment, as they will need to support a growing population.

On the other hand, these developments have also created a new hard 
substratum in otherwise barren areas. These structures have therefore 
allowed organisms such as sponges, hydroids, bryozoans and other encrusting 
biota to colonise them and provide food as well as refuge for larger animals 
such as fish and turtles. Furthermore, some of the structures are working as 
fish aggregation devices as well as platforms for larvae to settle on.

Fishing and other direct resource exploitation

The fishing industry in the Gulf has always been important for the livelihood 
of coastal populations. However, fishing pressures have negatively impacted 
the marine environment, biodiversity, habitats and fish stocks in recent years. 
In fact, many Gulf countries have reported a decline in fishing resources as 
well as a loss of fisheries potential due to human activities in coastal areas. 
Development has damaged and removed a significant number of nursery 
and feeding grounds for commercial fish and shrimp species. Illegal fishing 
and collecting of various species has exacerbated the problem. Turtle (mainly 
hawksbill) and bird eggs (especially terns and cormorants) are still taken on 
many offshore islands in the UAE to be sold, a practice that can be unsustain-
able and can have adverse effects on the coastal ecology.
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Furthermore, little information is available and research remains limited on 
many aspects of fisheries. Stock assessments on various species have not 
been undertaken and their status is not well understood. Indeed, overfishing 
has probably had an effect on the genetic stock of many target species as 
well as non-targeted species through by-catch and the use of various non-
selective fishing gears such as trawls and long-lines. Finally, if populations 
of herbivorous fish and apex predators are drastically reduced, overfishing 
can interact synergistically with excessive nutrient loading, affecting the 
food web and leading to trophic cascades, oxygen depletion and eventually 
eutrophication.

Climate change

The ecological effects associated with increasing concentrations of green-

house gases are still not clearly understood but are expected to be extensive. 
Indeed, problems arising due to climate change will challenge the long-term 
sustainability of floral, faunal and human communities. For the Gulf region, 
impacts associated with high irradiance and summer temperatures are of 
most concern. It is believed that plants will suffer the most from an increase 
in carbon dioxide levels leading to physiological stress through an alteration 
of internal water flow. Furthermore, an increase in ambient air temperatures 
by several degrees will directly affect intertidal ecosystems and species that 
are already approaching their upper and lower temperature limits and could 
lead to changes in vegetation cover and species distribution. This could 
also affect offshore communities such as coral assemblages and seagrass 
meadows.

Finally, a major concern is sea level rise mainly due to thermal expansion 
of seawater, the melting of ice in Polar Regions and the increased intensity 
of the Arabian Sea monsoon. Estimates suggest that sea levels are rising 
by 5 mm per year, which would seriously impact low-lying coastlines such 
as the intertidal ‘sabkha’ areas along the Gulf. Through the loss of habitat, 
other biota and organisms such as invertebrates, birds, mammals and reptiles 
associated with various ecosystems would also be impacted. Human commu-
nities residing along the coastal areas of the Gulf would also suffer through 
impacts such as inundation and erosion. 
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GULF ACTIVITIES

THE FOLLOWING CLASSROOM AND FIELD ACTIVITIES CAN BE ADAPTED 
BASED ON THE OBJECTIVES OF THE COURSE, THE STUDENTS’ LEVELS 
(FROM ELEMENTARY TO UNIVERSITY LEVELS), THE CURRICULUM, THE 
AVAILABILITY OF TIME AND ACCESSIBILITY TO COASTAL AREAS.
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1.1 CLASSROOM ACTIVITIES

1.1.1  General knowledge questions

a. List all the countries bordering the Gulf. Which one is actually an island?

b. What are the dimensions of the Gulf?

c. What is the region connecting the Gulf to the Gulf of Oman called? Why is it important strategi-
cally?

d. Why are boundaries in the Gulf so important?

e. Why is the Gulf considered an inland sea? Do you know any other inland sea?

f. Explain what makes the Gulf a harsh environment for marine life.

g. Describe the salinity and temperature patterns in the Gulf.

h. What are the three richest marine ecosystems in the Gulf?

1.1.2  Mapping activity

A reliable map of your area of interest is a basic document for all further studies about the Gulf. Mapping 
should be considered as first step for any research and detailed work on coastal and marine areas.

a. Using maps of the Gulf with isobaths, draw several cross-sections to illustrate the shallow nature 
of the sea. Compare with cross-sections of the Red Sea (a young, opening ocean), of the Mediter-
ranean Sea (the remains of an old, closing ocean). Your work should prove that the Gulf is not an 
ocean.

b. Use a base map of the current coastline of the Gulf using available information from the scientific 
literature. Create layers featuring the various geological stages of the Gulf over time including 3.5 
million years ago, between 21,000 and 18,000 AD and 7,000 years ago.

c. Using the same map, predict how the coastline would be altered if water level rises by one metre, 
two metres and five metres. In which areas would a change in the water level have a significant 
impact on the coastline?

d. The UAE has four types of islands: small barrier islands, large inshore islands, offshore islands 
and artificial islands. For each type of island, draw a cross section showing slopes, material and 
determine their adequacy in supporting marine life. Which islands in the UAE are used by nesting 
turtles? Are any types of islands more appropriate nesting grounds than others? Discuss your 
findings in class.
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1.1.3 Research activity

a. The two major traditional activities in the UAE are intimately linked to the Gulf: pearl diving and 
fishing. Describe the processes involved in both these industries and compare them with modern 
practices. What has changed in terms of impact to marine life and marine ecosystems?

b. Which parameters are used to assess water quality in a body of water? How are each of these 
parameters measured? Research the sampling and analysing equipment available to measure these 
parameters. What are their advantages and disadvantages? With your available laboratory equipment, 
which analyses would you be able to perform? Which of these can be measured in-situ?

c. Compare the ecological settings of the Gulf and other inland seas such as the Mediterranean or Baltic 
Sea. Can the main ecosystems in the Gulf be found in other inland seas? Compare threats to marine 
life in each of these seas.

d. Try and explain why some rocks at the bottom of the Gulf are made of salt.

e. What is the ecological importance of the islands in the UAE? Which island has a very high ecological 
value?

f. Search for available data on temperature and rainfall in the UAE. Draw graphs based on your data. 
What kind of climate do these graphs illustrate? Does the UAE’s proximity to the Tropic of Cancer 
mean that it has a tropical climate? Are the extreme temperatures compatible with marine life? 
Compare with statistics available from other countries occurring at similar latitudes.

g. Research major oil spills around the world and develop a list of the ten largest spills in the history of 
mankind. Use the table below to summarise the information collected.

h. Pick out some words or scientific terms from the main text. Explain or illustrate their meaning. 
Example of words that can be chosen include: epicontinental, photic zone, estuary, continental shelf, 
transgression, hydrodynamic, intertidal, bathymetric, oceanic buffering, flushing, Coriolis force, evapo-
ration rate, apex predators, eutrophication, trophic cascade.

i. Look for other famous straits in the world. Highlight the differences and the specificities of the Strait 
of Hormuz.
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1.2 FIELD AND LABORATORY ACTIVITIES

1.2.1 Marine ecosystems

Choose a marine habitat that exists in the Gulf and is not covered by a chapter in this book such as algal beds, 
sand flats, artificial reefs, artificial channels and dredged areas, sandy beaches, rocky shores, lagoons or natural 
creeks, mudflats, sabkhas, sandy dunes on the coastline, natural islands, artificial islands or pontoons/jetties/
breakwaters/groynes. Prepare a presentation on the main ecological characteristics of this habitat. The informa-
tion provided should include data from the scientific literature as well as from field work.

1.2.2 Water circulation

Distribution and occurrence of marine life are highly related to ocean currents (for instance the El Nino in the 
Pacific Ocean and the Gulf Stream in the Atlantic Ocean). In the Gulf, sea surface temperature is strongly related 
to the ‘shamal’ wind and to the characteristics of the water circulation: in the Strait of Hormuz, hot, normal-
salinity water from the Gulf of Oman flows in at the surface; colder, high salinity water flows out at the lower 
level. The incoming current is less than one kilometre per hour and the circulation is anticlockwise. Inside the 
Gulf, a lot of water is lost in the atmosphere due to high evaporation, especially in the shallow areas such as the 
Abu Dhabi coast. Because of evaporation, the water becomes saltier and denser and therefore tends to sink and 
slowly flow towards Iran, all the way to the Strait of Hormuz where it finally exits the Gulf. Salinity is further 
increased by the numerous desalination plants found along the coast discharging saline brine (up to 70 ppt) into 
the already very salty water.

a. Illustrate the stratification of marine water in the Gulf. Information on modelling ocean circulation 
and on physical oceanography can be found on the MetEd and the OceanLink websites (www.
meted.ucar.edu; www.oceanlink.info/bmsclive/livelab/physicaloceanography.html) as well as activi-
ties and laboratory experiments that help in the understanding of how temperature and salinity 
influence density.

b. Study the effects of water circulation and its features on marine life in the UAE. Compare with the 
effects of the Gulf Stream and of the El Nino-Southern Oscillation on marine life. What would be 
the situation in these locations without these circulation patterns?

c. Which factors could lead to significant changes of water circulation patterns in the Gulf?

d. Explain the low recruitment rate in the Gulf. Why can we expect that the marine life situation is 
generally better on the southern coast of Iran than on the UAE western coast?

e. Make a correlation between flushing time and recruitment. Try to find data for other inland seas and 
compare your findings with the situation in the Gulf.
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1.2.3 Water density

The fact that density increases with salinity and when temperature decreases can be illustrated with two easy 
laboratory experiments. The objective of these activities are to show that higher salinity brings higher water 
density while higher temperatures will lower the water density.

a. Materials needed include:

- a temperature/density/salinity chart with temperatures showing a range from 0 to 70 °C and 
salinity from 0 to 70 ppt

- two rectangular aquariums

- three large syringes or pipettes

- water

- table salt

- yellow and blue food coloring

- three jars for preparing water solutions 

b. While many variations are possible, the guidelines for the two experiments are as follows. 

Aquarium 1: Effect of salinity Aquarium 2: Effect of temperature

1. Fill half of the aquarium with freshwater at room 
temperature.

2. Slightly tilt the tank on one side with a wedge.

3. Prepare one saline solution with 30 grams of salt 
per litre and colour it yellow.

4. Prepare a second saline solution, this time with 
60 grams of salt per litre and colour it blue.

5. Wait for the freshwater in the aquarium to be 
completely still.

6. Fill a pipette/syringe with yellow, salty water. 
Slowly introduce the yellow water from above, at 
one side of the aquarium. Observe the migration 
of the water below the freshwater.

7. Wait for stabilization. Renew the experiment, this 
time with the blue, high salinity water. Observe.

1. Fill half of the aquarium with lukewarm freshwater.

2. Slightly tilt the tank on one side with a wedge.

3. Beforehand, prepare a solution of freshwater and blue 
food colouring. Put it in the fridge until it reaches the 
fridge temperature.

4. Wait until the water in the aquarium is completely still.

5. Fill a pipette with the blue solution; introduce the blue, 
cold water from above at one side of the aquarium; 
observe the migration of cold water below the warmer 
aquarium water.

COLOURED SALINE/COLD WATER

FRESHWATER (ROOM TEMPERATURE)

CHAPTER 
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c. Write a memorandum on the experiments with illustrations.

d. On the provided chart, determine the density of water: 

- Incoming water: T = 23 °C – Salinity 37 ppt

- Outflow water: T = 17.5 °C – Salinity 40 ppt

- Water along the UAE Abu Dhabi coast T = 45 °C – Salinity 55 ppt

- Brackish water discharged from desalination plants: T = 70 °C, Salinity 70 ppt

e. The density of seawater is a function of temperature, salinity and pressure. Search for the equation 
on the state of seawater.

1.3 GROUP DISCUSSION ON IMPACTS AND THREATS TO THE GULF

a. Compile a list of all threats, direct and indirect, to marine life and the various ecosystems in the 
Gulf. Discuss possible prevention and mitigation measures.

b. For each threat, develop scenarios about the short and long-term impact they could have on this 
body of water.

c. The Gulf is notorious for two major oil spills that occurred during recent wars. Investigate the 
consequences on marine life in the UAE of the 1983 oil spill during the Iran-Iraq war as well as the 
1991 oil spill during the Gulf War. Discuss what affected marine life and which species were the 
most impacted. Did some species completely disappear?

CHAPTER 
1
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NOTES
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2 
MANGROVE  
FORESTS

MARINE ECOSYSTEMS IN UAE / MANGROVE FORESTS

2.1 WHAT ARE MANGROVES?

The term ‘mangrove’ is used to describe both an ecosystem and an ecological 
group of halophytic species of trees and shrubs.

Mangrove ecosystems are predominantly intertidal habitats that occur worldwide 
in tropical or subtropical areas along sheltered coastlines, shallow water lagoons, 
estuaries, and rivers or deltas. This intertidal zone is characterised by highly variable 
environmental factors such as salinity, temperature, sedimentation and tidal 
currents. 

Mangrove forests are an assemblage of tropical trees that have developed special-
ised morphological adaptations to this tidal environment (aerial root systems, 
salt excretion glands, sclerophyllous leaves and viviparous seedlings). They grow 
between high spring tides and mean seawater level and are typically found growing 
on soft substrates.

2.2 TAXONOMY

These salt tolerant plants constitute a group of over 50 plant species from  
20 genera belonging to 16 families. The most common genera are Avicennia, 
Suaeda, Laguncularia, Lumnitzera, Conocarpus, Xylocarpus, Aegiceras, Aegialitis, 

Rhizophora, Brugueira, Ceriops and Sonneratia. The families Avicenniaceae and 

Rhizophoraceae dominate in number of species as well as in abundance around  
the world.

Because of their genetic isolation from their nearest terrestrial relatives, 34 of 
these species are considered ‘true mangroves’ while the remaining species occur as 
‘mangrove associates’. Although a large taxonomic variability exists, all mangroves 
exhibit marked similarities in physiological characteristics and morphological 
adaptations under similar environmental conditions.
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2.3 PHYSIOLOGICAL AND BIOLOGICAL CHARACTERISTICS

Mangroves can grow in the form of a tree or shrub depending on the local 
climate and topography, salinity of the water and soil conditions in which 
they exist. These features also influence the zonation of ‘true mangroves’ 
which usually form monospecific stands in tidal swamps and are the primary 
source of productivity in mangrove areas. However, under certain condi-
tions, succulents characteristic of xeric conditions grow in association with 
mangrove species.

These trees generally require calm areas as they cannot tolerate sites with 
high energy wave action. They are naturally equipped with mechanisms 
enabling them to cope with salt water, with some species extracting water 
molecules and excreting the salt through their leaves.

Mangroves are also characterised by the various adaptations to their specific 
habitat and their ability to grow in intertidal habitats and in anaerobic as 
well as acidic soils. The thick layers of very loose organic soil, anaerobic from 
a few centimetres below the sediment surface, are mainly created by the 
mangroves themselves as their roots have abilities to contain both locally 
produced detritus and particles carried in from the seawater. However, 
mangroves are not obligate halophytes and are also capable of growing and 
surviving in freshwater environments.

Although mangroves have adapted to the various conditions found in 
the intertidal habitats, extremes in abiotic factors can produce stressful 
conditions that decrease the mangrove’s capacity for distribution, growth, 
reproduction, and survival. The ability of mangroves to resist these stresses is 
dependent on the various stages in their life cycle. 

The seedling phase is the most crucial for the survival and spread of a popu-
lation but is also highly susceptible to environmental extremes. The juvenile, 
or sapling phase, is the most able of acclimation and therefore mangroves 
in that stage can easily adjust and adapt to their environment. Finally, in the 
adult phase, environmental features influence assimilative processes such as 
the frequency of flowering, fruit set, and propagule development.

ACTIVITY //  
AVICENNIA MARINA  
IS A ‘TRUE MANGROVE’.  
 
WHAT DOES THIS MEAN? 
FIND OTHER EXAMPLES 
OF ‘TRUE MANGROVE’ 
SPECIES.  
WHICH OTHER TRUE 
MANGROVE IS AVICENNIA 
MARINA USUALLY ASSOCI-
ATED WITH?  
MAKE ASSUMPTIONS 
ABOUT THE LACK OF 
THESE OTHER SPECIES  
IN THE UAE.
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THE AERIAL ROOTS OF MANGROVES, PNEUMATOPHORES, ENABLE 
THESE PLANTS TO BREATHE AIR IN WATERLOGGED SOIL.

MARINE ECOSYSTEMS IN THE UAE / MANGROVE FORESTS
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THE GREY MANGROVE SEEDS GERMINATE 
WHILE STILL ON THE PARENT TREE.
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2.4 THE GREY MANGROVE (AVICENNIA MARINA)

Named after the Persian physician Ibn Sina (or Avicenna, 980-1037 AD), the grey 
mangrove, Avicennia marina, is the most widely distributed of all mangroves.  
It has the ability to grow and reproduce under a range of climatic, saline and tidal 
conditions and to produce propagules annually. This adaptation may explain its 
ubiquitous presence in mangrove habitats around the world.

The grey mangrove is the only species of mangroves found in the UAE. It is the only 
species that has adapted to the local climatological, hydrographic, and topographic 
characteristics. Avicennia marina can usually grow up to 10 metres, but specimens 
rarely exceed four metres in the UAE. Studies have shown that the mean height of 
mangroves in Umm Al Quwain, a dynamic mangrove area, is 3.35 metres.

The grey mangrove is characterised by smooth grey stems and branches. Its leaves, 
which can reach up to eight centimetres in length, are thick, pointy and dark green on 
the upper side while the surface below is grey, covered with fine white hair. Its aerial 
roots, called pneumatophores, can grow to a height of about 20 centimetres. They 

allow the plant to absorb oxygen directly from the air as 
the mud is devoid of oxygen necessary for respiration.

In the UAE, this plant flowers between April and July 
with clusters of three to five small yellowish flowers 
appearing on the end of the branches. After a process  
of pollination, seeds are found on trees from mid-
August to late October.

In addition to their small roots, a characteristic of 
viviparous seeds, the seeds are covered in light green 
thin waterproof pericarps which allow them to 
propagate in seawater once they fall from the tree. 
Experiments have shown that the emergence of these 
propagules is at optimum levels with salinities of 40 
parts per thousand (ppt) while growth stops at 60 ppt 
or higher. This indicates that this species is well adapted 
to the environmental conditions prevailing in the region.

ACTIVITY //  
COLLECT MANGROVE SEEDS. IN THE LAB, PLANT 
THEM UNDER DIFFERENT CONDITIONS (SOIL, 
SALINITY, WATER AND LIGHT) AND COMPARE 
THEIR GROWTH PATTERNS.

MARINE ECOSYSTEMS IN THE UAE / MANGROVE FORESTS
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2.5 DISTRIBUTION

Mangroves cover a wide area of distribution worldwide and are commonly 
found along sheltered coastlines of 124 tropical and subtropical islands. They 
are usually distributed in areas ranging between a north and south latitude 
of 30º. Generally, they are restricted to climates where the minimum air 
temperature is 20 °C. However, they have also been found in colder areas as 
far as 25° N and 38° S. The grey mangrove is the species typically found at 
these extreme latitudinal limits of mangal distribution.

Currently, it is estimated that the total mangrove area around the world 
is 170,000 km2. In terms of species distribution, two distinct areas can be 
recognised around the world. The most abundant mangrove forests and 
species diversity can be found in the Old World forests of Asia, east Africa, 
Australia and the western Pacific. On the other hand, New World forests 
consist of less than ten species of mangroves in countries bordering western 
Africa, the Caribbean and the Americas.

The Gulf is one of the most severe sites occupied by mangroves in the 
northern Indian Ocean. It constitutes one of the northern limits to mangrove 
distribution in the region with only 125 to 130 km2 of mangrove areas, of 
which 80% are found on the Iranian coast. Mangroves are found along the 
coast of Bahrain, Qatar, the south eastern coast of Saudi Arabia, and the UAE. 
However, there are no native mangroves present in Kuwait and the north 
eastern coast of Saudi Arabia.

The total mangrove area in the UAE is estimated to be between 35 and 
40 km2. Mangrove colonies of Avicennia marina are found in patchy and 
scattered patterns along several coastal areas and near shore islands  
(Figure 2.1). They occur in the upper intertidal zones in the islands and 
lagoons between Tarif and Abu Dhabi (25 km2), Dubai (0.2 km2), Umm Al 
Quwain (2 km2), Ajman (0.2 km2), Khor Kalba (6 km2) and Ras Al Khaimah 
(0.2 km2). These mangrove areas consist of either isolate trees or very dense 
forests with trees reaching a maximum height of four to five metres such 
as in Khor Kalba. The mangrove forests of Khor Kalba are the only colonies 
located on the east coast along the Gulf of Oman and are therefore exposed 
to different environmental conditions.  

ACTIVITY // 
CREATE A MAP OF THE 
WORLD OUTLINING 
AREAS WHERE 
MANGROVES ARE 
ABUNDANT. WHAT 
ARE THE SIMILARITIES 
AND THE DIFFERENCES 
BETWEEN THESE AREAS 
AND THE UAE. HIGHLIGHT 
AREAS WHERE AVICENNIA 
MARINA GROWS.
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Typically, at the landward edge of a mangrove area, a halophyte community 
of mangrove associates, comprising of Arthrocnemum macrostachyum, 

Halopeplis perfoliata and Seidlitzia rosmarinus can be found. However, 
because of their highly specialized ability to cope with their environment, 
mangroves experience little competition in their habitat. 
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Figure 2.1 //  MANGROVE AREAS IN THE UAE

MAP ADAPTED FROM — MARINE ATLAS OF ABU DHABI, UNITED NATIONS ENVIRONMENT PROGRAMME (UNEP)
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2.6 DETERMINANTS OF MANGROVE DISTRIBUTION

The main factors influencing the distribution and growth of mangrove 
species and plant communities along the coast and intertidal zones are 
abiotic conditions and human activities. They include:

Climate

Mangroves are tropical species and are intolerant of very cold temperatures. 
Their latitudinal limits around the world vary depending on air and water 
temperatures. The abundance of mangroves is also affected by aridity with 
greater mangrove development in areas that have high inputs of rainfall.

The Gulf is one of the most arid of mangrove ecosystems which is why only 
one species, Avicennia marina, has managed to survive and dominates the 
mangrove ecosystem. There is however evidence that the mangrove Rhizo-

phora mucronata previously existed along the Gulf coastline.

It is believed that growth conditions in Khor Kalba, along the Gulf of Oman, 
are more favourable to mangroves because of the higher winter temperatures 
and rainfall in the area.

Salinity

Although most mangrove species can develop in freshwater, they generally 
don’t grow in these systems because of competition from freshwater species. 
Salinity is therefore a crucial factor for excluding non halophytic plants that 
are not adapted for growth in a saline habitat.

Furthermore, salinity is an important driver in mangrove establishment and 
early development. Studies have shown that mangrove optimal growth 
rates can be reached at different levels of salinities depending on species 
and seedling growth stage. Accordingly, propagules need to be tolerant to a 
certain degree of salinity and a wide range of environmental conditions for 
their establishment and growth. The distribution of mangroves in the Gulf 
is limited by the high salinity levels which average around 40 ppt in open 
waters and 45 ppt in lagoons.

ACTIVITY //  
CUT OUT A ‘PNEU-
MATOPHORE’ AND A 
HORIZONTAL ROOT TO 
STUDY THEM AND SEE 
THE DIFFERENCE. STUDY 
THEIR STRUCTURE IN THE 
SCIENCE LAB. FIND OUT 
WHERE THE AIR ENTERS 
THE PNEUMATOPHORES.
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Tidal fluctuation

Tidal influence plays an important role as seawater inundation helps reduce 
the presence and therefore competition from other vascular plants that 
do not tolerate saline water. The tidal ebb and flow allow the extension of 
mangroves inland as they bring saltwater up estuaries and rivers against the 
outflow of freshwater. Furthermore, tides will transport sediment, nutrients 
and clean water into mangrove habitats while exporting organic carbon and 
reducing sulphur compounds. Finally, tides help flush soils and reduce salinity 
in areas where evaporation is high.

Mangrove forests that have the largest tidal fluctuations are generally larger 
and more productive than trees or shrubs found in areas with low tidal 
ranges. While tides have a great influence in many mangrove areas in the 
world, it has to be stressed that tidal fluctuations are very low along the Gulf 
and therefore along the UAE shorelines. There are only intermittent rivers 
(wadis) while rivers and estuaries as such are nonexistent in the country. 

Sediment and wave energy

Mangroves develop best in areas with low wave energy. High wave activity 
inhibits the establishment of propagules, exposes the shallow root systems 
and prevents the accumulation of fine sediments.

Human impacts

Human pressure and disturbances also greatly impact the development and 
distribution of mangroves. Plants living in stressed or polluted environments 
often have constraints in their growth and propagation.
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2.7 ADAPTATIONS TO THE MANGROVE ECOSYSTEM

Mangrove ecosystems are naturally stressed. To survive in their habitats, 
mangrove trees have evolved physiological and morphological adaptations 
to shallow intertidal environments. Some examples of the most common 
adaptations are described in Figure 2.2. However, it is important to note that 
different species of mangroves have also needed to adapt to other topo-
graphic conditions such as temperature stresses, variations in solar radiation 
and inputs of freshwater.

Salinity

High soil salinities increase the cost of obtaining freshwater for mangroves. 
Different species have therefore adapted through a range of salt-coping 
mechanisms to survive the level of salinity present in the habitats they are 
found.

Some species, such as Rhizophora mangle, have adapted to this salinity by 
developing canals within their roots and diluting salts by increasing their 
succulence, therefore the water content of their tissues. Other species, such 
as Avicennia marina, have an effective salt excretion mechanism with salt 
glands in the epidermal layer of the leaves. For these species, salt crystals 
can be seen on the surface of the leaves. Finally, some species of mangroves 
are able to restrict the opening of their leaf pores, the stomata, to ensure 
freshwater remains stored, which helps them survive in high salinities.

Waterlogging

All tissues, including roots, require oxygen for respiration. Because oxygen 
diffusion in water is very slow, waterlogged soils are usually lacking in oxygen. 
This lack of oxygen can reduce root respiration and the production of energy 
for nutrient uptake.

Mangroves have adapted to anaerobic, unstable and shifting soils by  
developing air canals within the roots and complex aeration systems.  
Rhizophora spp. have developed aerial roots that arise from the main trunk 
and lower branches.

ACTIVITY //   
FIND A GLITTERING LEAF 
AND LOOK AT THE SALT 
CRYSTALS WITH A MAG-
NIFYING GLASS. IN CLASS, 
PREPARE THIN SLIDES 
OF MANGROVE LEAVES 
AND IDENTIFY THE 
STRUCTURES THAT HELP 
MANGROVES GET RID OF 
THE EXCESS SALT.
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Figure 2.2 // Adaptations of the grey mangrove to a hostile environment.
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On the other hand, Avicennia marina mangroves adapt to such anoxic 
soils by growing numerous horizontal roots with vertical extensions called 
pneumatophores. These pencil-like roots form an intricate and dense network 
that protrude above the mud surface and allow gas exchange with the 
underground tissues.

This aerial rooting system has many functions including providing a system 
for the exchange of gases and promoting the absorption of nutrients.  
It also provides attachment sites for epibionts and facilitates the accretion 
of sediment by impeding water movement.

Reproduction

To adapt to the partly anaerobic soil and the high chloride content in inter-
tidal habitats, mangroves have developed two unique reproductive strategies 
to increase their plant propagation: vivipary and hydrochory.

Vivipary, which is found in species such as Avicennia and Rhizophora, is the 
condition where the mangrove embryo germinates while still attached to 
the parent tree and grows by a combination of photosynthesis and nutrient 
acquisition from the parent tree. This strategy increases the chances of 
successful establishment in extreme environments. The grey mangrove has 
developed cryptovivipary in which the embryo emerges from the seed but 
remains enclosed in the fruit wall until it abscises.

Once these propagules fall to the ground, the thin pericarp is quickly shed. 
The strategy of hydrochory ensures dispersal by water and tidal action to 
great distances from their point of origin for establishment.
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MANGROVE AREA SEEN AT LOW TIDE ON SIR BANI YAS ISLAND IN ABU DHABI, UAE.
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2.8 GENETIC DIVERSITY OF MANGROVES

With the advent of molecular genetics techniques, mangrove species are 
now being studied to examine their diversity. Although mangroves represent 
a taxonomically diverse group of trees and shrubs, there is relatively low 
genetic diversity amongst the species. This may reflect difficult conditions 
found in intertidal habitats where there is less opportunity for diversification 
and selection of genetic matter.

However, research has shown that there is genetic variation between the 
Avicennia marina found in Abu Dhabi and the same species found in Khor 
Kalba. This genetic differentiation between grey mangrove populations in the 
Gulf and the Indian Ocean could be a result of the extreme environmental 
conditions found in the inner Gulf that have led to an ecotypic adaptation to 
arid and saline conditions. However, it could also be due to genetic drift caused 
from long periods of isolation. These results have a direct impact on the 
management and conservation of this species in the UAE as the protection of 
both mangrove populations is crucial to maintain biodiversity in the region.
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THE PNEUMATOPHORES OF A. MARINA HAVE DEVELOPED UNIQUELY AS AN 
ADAPTATION MECHANISM TO PROTECT TREES FROM EXPOSURES TO TIDES.

MARINE ECOSYSTEMS IN THE UAE / MANGROVE FORESTS
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2.9 FUNCTIONS AND USES OF MANGROVES

Although mangroves have often been regarded as communities with low 
productivity, these ecosystems are highly productive and fulfil a number of 
environmental and socio-economic functions (Figure 2.3). Mangroves play a 
crucial ecological role and serve as important marine habitats for a variety of 
species.

A critical function of mangroves is the stabilization of soil and protection 
of coastal communities. This role is particularly important in areas that are 
periodically influenced by tropical storms and hurricanes as mangroves can 
provide coastal protection against the effects of wind and water currents. 
The presence of mangrove forests along shorelines increases the capability 
of resisting storm surges, tidal waves and floods. In fact, the dense, intricate 
network of mangrove roots prevents erosion by binding surface soils tightly. 
In the UAE, a country generally unaffected by strong weather events, this 
function of mangroves has also served as a vital factor in counteracting the 
desertification process.

Mangrove roots also play an important role in protecting offshore coral 
reefs and seagrass beds from sediment deposition. The numerous roots trap 
fine soil particles from moving into offshore areas and therefore prevent 
the siltation of nearby habitats. While acting as filters for upland runoff, 
mangroves also protect infrastructure, property and human settlements 
behind the coastal fringes.

The high productivity of mangroves to their surrounding environment is an 
important function of these trees. Productivity studies have shown that most 
species of mangroves produce approximately ten grams of carbon per square 
metre per day. This allows mangrove forests to act as filters against pollution 
by trapping carbon dioxide (CO

2
) and helping reduce the green house effect. 

Furthermore, the large amount of detritus produced through leaf litter and 
decomposition provides a significant contribution towards the aquatic and 
terrestrial food chains. Indeed, most energy and nutrients are biotically stored 
and species diversity is directly dependent on the primary productivity of 
mangrove forests.
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Finally, mangroves play an important role in the marine and terrestrial food 
chain. They create productive habitats that support many species of fish 
and other organisms, some occurring in high densities. While some of these 
species spend only part of their life cycle in the mangal either during a 
particular stage of their life or as migrants, some other species are permanent 
mangrove inhabitants. The mangrove ecosystem creates habitat for a 
wide variety of species particularly juvenile and adult fish. It also ensures 
important stocks of prawns, fishes, crabs and other offshore fish populations 
and fisheries are supported and renewed.

ACTIVITY //   
MANGROVES OFTEN 
FUNCTION AS CARBON 
SINKS. USING DATA ON 
CARBON EMISSIONS AND 
CARBON OFFSET FROM 
THE LITERATURE, MAKE 
A ROUGH ESTIMATION 
OF THE OFFSETTING 
CAPACITY OF THE UAE 
MANGROVE AS A WHOLE.    

– Aids in the fixation of some polluting substances;

– Contributes to reduce global warming by fixating carbon dioxide;

– Provides shelter for juveniles of numerous species before migration  
to lagoon and reef;

– Protects coral reefs and lagoons from turbid waters;

– Enhances production of phytoplankton;

– Reduces impact of cyclones, storms, big waves and tsunamis.

Figure 2.3 // The role of the mangrove
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MANGROVES PROVIDE SHELTER, FEEDING AND NURSERY GROUNDS FOR MANY SPECIES OF 
BIRDS INCLUDING FLAMINGOES THAT CAN OFTEN BE SIGHTED AT RAS AL KHOR IN DUBAI, UAE.
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2.10 ASSOCIATED FLORA AND FAUNA

Like all types of vegetations, mangroves have an associated flora and fauna. 
These associations exist at the various mangrove subsystem levels which 
include the canopy (upper branches, twigs, leaves, flowers and fruits), 
branches, aerial roots, soil in the intertidal area, freshwater environment in 
the root holes, clefts between branches, as well as in permanent or semi-
permanent pools surrounding the mangroves. These mangrove subsystems 
support both terrestrial and aquatic species by creating and providing natural 
habitats as refuge, breeding, nursery and spawning grounds for a diversity 
and large number of fish, crustaceans, birds, invertebrates, mammals and a 
variety of other organisms.

Insects

A variety of insect species are ubiquitous in the mangal ecosystem. Insect 
larvae, particularly mosquito larvae, develop in root holes and clefts between 
branches of trees and in the waters retained in crab burrows. Ants are usually 
found in the canopy where they close burrow holes with a plug of soil and 
live in air bubbles while the tide is up. The ants as well as sandflies present  
in mangrove habitats also serve as food to many species of mammals,  
birds and fish.

Amphibians and reptiles

Although amphibians such as frogs have been documented in some 
mangrove areas in southeastern Asia, they are rarely seen. On the other 
hand, reptiles are more abundant in mangrove sites and numerous species 
of snakes are known to forage on crabs, insects and fish at low tide. Some 
species of lizards, crocodiles, caimans and marine turtles have also been 
documented in mangrove habitats. The green turtle, Chelonia mydas, uses 
mangrove forests to forage on the fruit, cotyledons and propagules of 
Avicennia marina.

ACTIVITY //   
STUDY THE MUD IN 
WHICH THE MANGROVE 
GROWS AND DESCRIBE 
IT. WITH A SPADE, 
CHECK CAREFULLY FOR 
BURROWING ANIMALS. 
WHERE DOES THE 
ODOUR COME FROM? 

66

MARINE ECOSYSTEMS IN THE UAE / MANGROVE FORESTS



SHORE CRABS, METOPOGRAPSUS MESSOR, ARE OFTEN FOUND IN INTERTIDAL AREAS.
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Birds

A large number of birds use the mangrove ecosystem to feed, nest or as 
a refuge from the rising tide. Because of their high mobility, birds usually 
migrate tidally, daily and seasonally into mangrove sites. The majority of 
these bird species are waders such as herons and egrets and feed on inver-
tebrates found in the soil surrounding the mangroves. Larger predator birds 
such as ospreys, eagles and cormorants feed away from the mangroves but 
use these sites for roosting and breeding areas.

Mammals

Some species of mammals use mangroves opportunistically to feed on 
mangal fish and crabs as well as graze on the leaves. These include small 
rodents, deer, camels, dugongs (Dugong dugon) and dolphins.

Fish

Mangrove ecosystems are generally inhabited by a rich and diverse popula-
tion of fish. In fact, the life cycle of a majority of fish includes an obligate 
period within mangrove forests. This habitat supports valuable marine species 
such as groupers, snappers and mullets who settle in mangrove habitats for 
food and shelter as juveniles. Most species only spend part of their time 
within this ecosystem, frequently moving to other ecosystems seasonally or 
at various life stages. Many species of elasmobranchs also use these coastal 
habitats as nursery grounds since mangroves can protect juveniles from large 
predators while providing food resources.

Crustacea

A variety of crustaceans inhabit the mangal habitat and play an important 
role as predators and for breaking down leaf litter. These species include 
crabs, penaeid shrimps, mud lobsters, fiddler crabs, hermit crabs and small 
amphipods and isopods. 
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Crabs are amongst the most common invertebrates in mangrove areas and 
help maintain ecosystem processes. The Grapsidae family is composed of 
herbivores that break down leaf litter while the Ocypodidae are deposit 
feeders extracting fine organic particles from the mud. Furthermore, these 
crustaceans directly and indirectly provide food to human societies. Around 
the Gulf region, the most common species of crabs include Metopograpsus 

messor, Macropthalmus depressus and Eurycarcinus orientalis. They inhabit 
holes in the sediment and feed on organic matter found at the surface during 
periods of low tide. Evidence of the presence of the mud crab, Scylla serrata, 
also indicates that it was an important traditional and commercial food 
species.

Molluscs

Bivalve molluscs such as oysters and mussels are generally found attached to 
the roots of mangroves while snails are also found on the branches. Popula-
tions of burrowing species, that filter feed in the mud and extract fine organic 
particles from suspension, are common in the mangal. Clams that occur in 
the mangal are an important source of protein for many communities around 
the world. Gastropod snails that are herbivores, detritus and deposit feeders, 
and predators are also ubiquitous in mangrove habitats.

Meiofauna

Within the root communities as well as beneath about 10 centimetres of 
mud, thousands of small benthic invertebrates such as nematodes, copepods, 
polychaete annelids, bivalve molluscs and hydrozoa can be found. 

These diverse herbivores, detritivores and predators, called meiofauna, 
generally colonize and breakdown fallen leaves, a process that is accom-
panied by a complex series of relationships and repeated shifts in species 
composition and community structure.
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SHORE CRABS GENERALLY CLIMB UP MANGROVE ROOTS AND TREES AT HIGH TIDE.
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CAMELS CAN SOMETIMES BE SEEN GRAZING ON MANGROVES IN UMM AL QUWAIN, UAE.
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2.11 HUMAN USES OF MANGROVES

Around the world, mangroves are widely recognized as providing a large 
variety of goods and services to people. In fact, mangroves have generated 
income or sustained societies by contributing to the productivity of coastal 
waters, supporting aquaculture, agriculture and forestry, and as a source for a 
variety of subsistence uses such as firewood and building material. 

Mangroves have therefore been traditionally exploited for a diversity of 
reasons. A fundamental function of mangrove wood has been to supply 
timber for cooking, heating, constructing houses or boats and as tannin for 
leather tanning. It has also been used for making paddles, oars or poles; as 
raw material in the production of charcoal; for fishing gear construction; and 
as an insecticide when it is burnt to keep away mosquitoes and other night 
biting insects. The fruits of the mangroves are sometimes eaten while the 
leaves have been used for grazing or as fodder for livestock animals. Further-
more, an impressive diversity of plant products has been harvested from 
mangrove leaves and fruits including honey, medicinal products for different 
ailments, various foods and drinks as well as tobacco substitutes.

Finally, the exploitation and value of aquatic products from mangrove 
ecosystems is of great significance to many societies. Indeed, mangroves 
are important for the exploitation of fish, molluscs, crustaceans as well as 
aesthetic ecosystems that attract high numbers of tourists. Visits to these 
areas are common for sports fishing, boating, bird watching, snorkeling, 
kayaking and other recreational activities.

The direct human use of mangroves in the UAE is very limited. Figure 2.4 
provides a brief description of the various traditional uses.
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IN THE UAE, MANGROVE FLOWERS APPEAR BETWEEN APRIL AND JULY. THEY ARE LOCATED ON 
THE END OF THE BRANCHES AND HAVE FOUR YELLOW AND ORANGE POINTED PETALS.

– Leaves and young branches — fodder for animals

– Trunks — ceilings in traditional constructions

– Wood — charcoal for shishas; fuel

– Bark — infusions; aphrodisiac properties; tanning

– Flowers — nectar to produce honey

Figure 2.4 // Traditional uses of the mangrove in the UAE
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2.12 THREATS TO MANGROVES

The mangrove ecosystem is currently endangered across its worldwide distri-
bution. Over the past two decades, anthropogenic activities have destroyed 
approximately 35% of the world mangrove forests. In spite of the regional 
and site-specific functions of mangroves as well as their economic signifi-
cance, the destruction of this ecosystem continues. The loss of mangroves 
will have unprecedented impacts on humans and coastal areas that will no 
longer be protected from coastal hazards such as erosion, flooding, surges as 
well as cause a reduction in biodiversity.

A number of natural and anthropogenic factors affect mangrove mortality 
(Figure 2.5). The massive disturbance of mangroves is a frequent and 
natural event that is directly related to the dynamic nature of the mangal 
ecosystems as well as normal successional and regeneration processes in 
these sites. Mangroves are adapted and resilient to such stressful factors with 
mechanisms such as their abundant seedling production and their rapid rate 
of succession and are therefore able to quickly recover after major distur-
bances. These perturbations are however exacerbated by human activities 
which are chronic and create new environmental conditions unsuitable for 
mangrove regeneration.

Human induced stresses are generally random, non selective and high 
intensity events. They can affect the mangrove ecosystem directly or indi-
rectly through commercial and agricultural development, overexploitation, 
solid and liquid waste disposal, pollution, oil spills and freshwater runoff. 
Although the direct human uses of mangroves in the UAE are limited, vast 
areas of mangal have been destroyed as a result of anthropogenic activities. 
Depending on the type of impact, the recovery of a mangrove area can take 
over twenty years. The following is a review of major sources of impacts on 
mangrove ecosystems worldwide and specifically in the UAE.
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– Coastal development

– Oil spills and slicks

– Heavy storms, cyclones and tsunamis

– Aquaculture: shrimp farms

– Use of the wood for construction and fuel

– Global warming causing a rise in sea levels

Figure 2.5 // Threats to the mangrove

LITTER AROUND MANGROVES, ESPECIALLY PLASTIC BAGS, CAN INTERFERE WITH 
MANGROVE GROWTH BY SMOTHERING PNEUMATOPHORES AND LEAVES.
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Oil pollution

Oil can have a devastating effect on mangrove forests if it leaks from explor-
atory and production wells, tankers, pipelines, or oil deposits. The mangal 
generally traps the drifting oil spill which in turn covers the leaves and 
clogs the pneumatophores. Oil therefore blocks air passages that ventilate 
the submerged roots and allow aerobic respiration to occur, prevents salt 
diffusion and suffocates the tree. This results in the mortality or chronic 
poisoning of the mangrove as well as the associated flora and fauna by the 
toxic compounds present in the oil. Finally, experiments have shown that no 
propagule emergence is observed when propagules of Avicennia marina are 
submerged in crude oil for over 12 hours which demonstrates that recovery 
could be a lengthy and unsure process.

Coastal development

Activities linked to coastal development such as land reclamation and 
dredging have a major impact on mangrove habitats. Population pressure 
in coastal areas has led to the conversion of many mangrove sites to 
other uses including housing areas, roads, harbours, various infrastructure, 
aquaculture, rice and salt production. Many mangrove sites have disappeared 
due to extensive infilling and reclamation aimed at creating new land for 
these developments. Dredging provides most of the infill material for these 
developments and is also an activity that allows the exploration of oil and 
gas. Sedimentation due to these activities has a direct impact on mangrove 
mortality as it blocks the exchange of water, nutrients and gases within the 
soil and between the substrate and water.

Diversion of freshwater runoff

The development of mangroves in areas of high aridity is dependent on 
freshwater inflows from precipitation or terrestrial runoff. Human activities 
such as new road infrastructures and coastal developments have transformed 
freshwater inputs. This disruption of water flow inadvertently influences the 
ability of mangroves to survive in some areas.
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Solid and liquid waste disposal

For many years, mangrove ecosystems were widely used as dumping sites 
for large quantities of industrial, commercial and residential waste. These 
solid wastes include plastics, metal containers, wood, tyres and a variety 
of other garbage which slowly breakdown releasing toxic compounds into 
the ecosystem. Liquid waste on the other hand stems mainly from sewer 
discharge, agricultural runoff and ballast dumping which release large 
amounts of nitrogen and phosphorus into coastal waters. This generally 
leads to a state of eutrophication due to nutrient enrichment as well as an 
overgrowth of algae which cover seedlings and aerial roots causing mortality 
and degrading the ecosystem.

Recreational activities

Impacts from tourism and recreational activities are common with habitat 
disturbance and cause visible damage to the pneumatophores. This has a 
direct impact on the associated fauna with a reduction in wildlife nesting 
sites as well as the overall biodiversity of this ecosystem.

Collection as fodder and overgrazing

In the Gulf region, mangrove twigs and leaves have traditionally been 
collected as fodder. Furthermore, camels and other livestock use the mangal 
for grazing which diminishes the production of fruit and vegetative growth. 
Finally, the route to inner mangroves is generally open for camels to graze 
with their trampling having a direct impact on the aerial roots and leading to 
an increase in tree mortality.

Wood harvest

Although the harvesting of mangrove wood is not as common anymore, 
some coastal communities still use the wood for fuel, construction, fishermen 
poles and coal for shishas. This usage of wood promotes the degradation and 
loss of mangrove sites.
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Pest control

Tourism, recreational activities and residential dwellings in close proximity to 
mangrove areas bring with them additional pressure on this ecosystem.  
In order to control mosquitoes and other nuisance insects, pesticide spraying 
is routinely practised. This has a direct and negative impact on the fauna 
inhabiting the mangal.

Climate change

Several climate change trends will have a direct effect on mangrove ecosys-
tems around the world. These include sea level rise, ocean acidification, 
tsunamis, rising temperatures, increase in precipitations or drought, and 
changes in ocean circulation patterns and atmospheric CO

2
 levels.  

However, it is believed that, in the UAE, the greatest threat will be due 
to global warming and sea level rise as whole areas of mangroves will be 
reduced and likely disappear.
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THE ORANGE SPOTTED-GROUPER OR ‘HAMMOUR’, EPINEPHELUS COIOIDES, IS AN IMPORTANT COMMERCIAL 
SPECIES IN THE GULF. DUE TO ITS SLOW REPRODUCTIVE RATE, IT IS PARTICULARLY VULNERABLE TO OVERFISHING. 
ALTHOUGH ADULTS ARE ASSOCIATED WITH REEFS, JUVENILES UTILISE MANGROVE AREAS AS NURSERY GROUNDS.
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2.13 MANGROVE CONSERVATION AND MANAGEMENT

Although there has been an increase in awareness and knowledge on the 
role and functions of mangroves, adequate legislation for the protection and 
conservation of these ecosystems is still lacking. However, some international 
and national initiatives have recently been undertaken for their preservation 
and rehabilitation. Furthermore, educational campaigns and programs have 
been launched to ensure coastal communities are aware of the goods and 
services provided by mangroves.

Efforts to protect mangroves in the UAE date back to the late 1970s when 
His Highness Sheikh Zayed Bin Sultan Al Nahyan initiated a large scale 
mangrove replanting program in Abu Dhabi. Furthermore, the increased 
awareness of the biological and economic importance of mangroves has 
resulted in several programs to restore mangroves in different emirates. 
For instance, in 1985, the Ministry of Agriculture and Fisheries launched a 
reforestation program creating nurseries for seedling production. This year-
round cultivation allowed thousands of plants to grow at various locations 
around the country. The Dubai Municipality also established a nursery for 
mangrove seedling production in 1993 and planted over 40,000 seedlings in 
Ras Al Khor. This area has now been declared a Ramsar site which denotes 
the importance and international recognition of this wetland. Finally, the 
Environment Agency – Abu Dhabi, is currently working on the rehabilitation, 
conservation and protection of mangroves at key sites across the Emirate of 
Abu Dhabi.

Even though there is a growing understanding of the importance of 
mangroves, these plants are still not protected in the UAE. The rapid 
economic growth is represented by an increase in pressure on these ecosys-
tems which is threatening biodiversity. In fact, if these mangrove areas are 
protected and extended, desertification processes can be reduced while 
coastal habitats for a variety of wildlife would be improved. Restoration 
projects have proven to be good tools for maintaining the health of this 
ecosystem and should therefore be developed and implemented into coastal 
management plans.

ACTIVITY //   
USING AT LEAST SEVEN 
WORDS FOUND IN BOLD 
THROUGHOUT  
THE CHAPTER, CREATE  
A CROSSWORD PUZZLE.  
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WITH THE SUPPORT OF THE MINISTRY OF ENVIRONMENT AND WATER, SOME 
MANGROVE REPLANTATION PROJECTS HAVE BEEN INITIATED ACROSS THE UAE.
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MANGROVE ACTIVITIES

THE FOLLOWING CLASSROOM AND FIELD ACTIVITIES CAN BE ADAPTED 
BASED ON THE OBJECTIVES OF THE COURSE, THE STUDENTS LEVEL (FROM 
ELEMENTARY TO UNIVERSITY LEVELS), THE CURRICULUM, THE AVAILABILITY 
OF TIME AND ACCESSIBILITY TO MANGROVE AREAS.

MARINE ECOSYSTEMS IN UAE / MANGROVE ACTIVITIES



2.1 CLASSROOM ACTIVITIES

2.1.1   General knowledge questions

a. Where are mangroves found in the UAE and where is the largest mangrove area?

b. What is the scientific name of the mangrove species found in the UAE? Describe this species.

c. What is a true mangrove?

d. List four environmental requirements for growing mangroves?

e. What are the main adaptations of the UAE mangrove to its adverse conditions?

f. Describe three traditional uses for the UAE mangrove.

g. What are the two major threats to the UAE mangrove?

2.1.2   Mapping activity

A reliable map of your area of interest is a basic document for all further studies about the mangrove.Mapping 
should be considered as first step for any research and exploration work on these species.Furthermore, 
mapping activities include field work and involve a lot of skills. One of them is proficiency of use of a handheld 
GPS unit.

a. Using Google Earth, draw an up-to-date map of the mangrove coverage in the UAE .

b. Check and refine your findings. In groups, visit mangrove areas and verify data with field  
observations. Record site coordinates using a handheld GPS unit. For each mangrove location, 
complete your map with upper tidal line, average shore line, lower tide line, features of the coast on 
the first 20 metres in land direction (vegetation, coverage, human settlements, slope).

c. Draw detailed cross-sections of the mangrove at various UAE locations.

2.1.3   Research activity

a. Create a figure illustrating food chains involving the mangrove:

– grazing food chains, starting with wood or leaves still on the plant;

– detrital food chains, starting with fallen leaves.

b. Make drawings of Avicennia marina (leaves, twigs, overall tree). Add captions using  
botanical terminology.
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2.2 FIELD AND LABORATORY ACTIVITIES

Field activities need to be planned well in advance and permission must be obtained from the relevant authori-
ties. Keep in mind that mangroves are habitats for many insects including mosquitoes and sand flies. Teachers 
must ensure students are well equipped and protected against sunburn, insect bites and the messiness of 
mangrove mud!

For all activities, check tidal conditions before planning your trip as you will get a different representation of 
the habitat at different tidal conditions. Try and visit the same mangrove site at both tidal levels.

2.2.1   Study of the mangrove and its associated vegetation

a. In class, prepare a water solution with 36.4 grams of salt per litre: it will be as salty as average sea 
water. Choose two identical plants. Water one plant with freshwater, the second one with your salty 
preparation. Make observations every day. Take pictures and compare the evolution of both plants.

b. When visiting a mangrove, make a survey of all animals you see. Back at school, organize  
your list by classifying the animals in the right phyla and taxa. Try to find out why they are in the 
mangrove: eating it, hiding in the branches, burrowing in the mud, nesting, etc. Make an inventory of 
your findings and sort animals by their relation to the mangrove.

c. Check for seeds in the mud and still on the plant (highly dependent on the season). Collect informa-
tion about plant viviparity. Compare with reproduction of other vascular plants.

d. Examine the vegetative and reproductive parts of Avicennia marina. Describe and sketch: leaf; leaf 
arrangement; additional structures on leaf blade or petiole (hairs and glands); stems; trunk (colour, 
texture and shape); pneumatophores; flowers; fruit; propagule; and seedlings. You can collect flowers 
and seedlings and sketch them when back in the lab. Make a survey of vascular plants associated to 
the mangrove.

2.2.2   Effects of climate change

a. In one mangrove area, look for the highest tide level and for the lowest tide level (you will not be 
able to see this unless you come at very low tide). Check which areas of the mangrove forest is 
located within these two lines. Marine meteorology will be able to give you information about the 
next very low tide cycle. Draw a cross section with mangrove location and tidal lines. What would 
happen if the sea level rose?

b. If the sea water level rises, does the mangrove have a potential to relocate towards the land?  
To answer this question, use the map you have prepared and gather information about the highest 
tide level, the coverage of land coastal areas immediately adjacent to the mangrove. Make cross-
sections of mangroves. Depending on topography and human settlements, you can assess the inland 
migration potential of the mangrove by rising sea water level.
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c. Students will establish three 10 x10 metres plots of mangrove and monitor their long-term produc-
tivity. In each plot, trees will be mapped, labelled and measured for height and diameter. Within 
each plot, students will establish five subplots (1x1 metre) in which they will measure seedling and 
sapling density, productivity and survival rate.

 Setting the plots and making measurements should be performed according to the CARICOMP 
protocol, which provides a comprehensive methodology for the study of mangroves, seagrass beds 
and coral reefs (for more information, refer to http://www.unesco.org/csi/act/caricomp/summary14.
htm).

For each tree, the following information should be recorded:

NB: Plots should be kept for a long period of time for assessment of biomass production and produc-
tivity.

d. Students will become familiar with common macrophytes, algae and animals of mangrove associ-
ated habitats. Choose stations along roots and in mud substratum. Record, collect and identify 
common species of algae and animals. Measure environmental conditions such as light levels, 
temperature, nutrient content, salinity and all parameters relevant for explaining differences in 
species compositions. Focus particularly on crabs, burrowing animals and epibionts. At the end of 
the field activity, take water and plankton samples for analyses back at the lab. Check for roots with 
attached algae. Record the position of the algae along the root and estimate the percent of the root 
covered.

* dbh = diameter at breast height

Tree N° Position Circumfer-
ence

Diameter 
(dbh)*

Basal 
area

Height

X Y X Y
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Tree N° Position Circumfer-
ence

Diameter 
(dbh)*

Basal 
area

Height

X Y X Y

2.2.3   Mangrove biodiversity

a. Characterise and record the inhabitants of the aerial part of the mangrove such as birds and insects 
as well as assess damage done to mangrove leaves and wood by arthropods. This activity includes:

– Recording the faunal diversity: birds, reptiles, snails, crabs, insects, others;

– Collecting insects and other arthropods for further study in the lab;

– Collecting samples of leaves and twigs to measure herbivory in the lab. The aim is to assess 
damage done by herbivores feeding on leaves (folivores) and herbivores feeding on wood 
(xylovores). Folivore damage is the proportion of leaf area lost from the canopy while xylovore 
damage is the damage stem borers cause through indirect loss of leaves by killing the twigs on 
which the leaves are attached. To assess their impact, you need to know the number of twigs 
killed by xylovores and estimate the proportion of dead twigs per tree. 

FOLLOW THESE STEPS TO COMPLETE THE ACTIVITY.

1. Select five mangrove trees. By counting twigs and primary branches, fill in a table adapted  
from the model below.

Tree N° N° of primary 
branches per tree

Twigs per 
primary branch

Total 
live twigs/tree

Total 
dead twigs/tree

Live Dead

2. Collect live twigs (select 20 random twigs from all over the forest). Do not remove leaves. 
Back to the lab, measure the proportion of leaf area lost to folivores. Measure the proportion 
of leaf area missing by using a grid overlay on a randomly selected 50 leaves.

Leaf # 1  
Number of squares 
completely or partially 
occupied by the leaf

 2  
Number of squares  
that are completely or 
partially occupied by 
missing or damaged  
leaf tissue

 2  / 1  
Proportion of leaf area 
missing or damaged
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3. Collect dead twigs (for statistical pertinence, collect 50 samples of solitary dead twigs).  
Take them back to the lab to determine the cause of death and the proportion of twigs killed 
by stem borers. Collect and preserve all stem borers and inquilines in formaldehyde or alcoholic 
solution.

4. Compare the proportion of leaf area missing by leaf eaters and by stem borers. Assess the  
cumulative herbivory on the UAE mangrove.

b. SWIMMING IS REQUIRED FOR THIS ACTIVITY. 
Students will learn the value and role of mangroves as nurseries for many commercial fishes  
in the UAE . They will examine the waters among mangrove roots for ichthyoplankton and 
immature stages of larger commercial fish and invertebrates.

 Swim a 50 metres transect along a mangrove area. List all species of fish that you encounter, the 
number of specimens of each species and their average size. If you are unfamiliar with species 
names, keep to family or common names. If you have the appropriate equipment, take pictures. As 
you are swimming, look for tiny invertebrates, like shrimps and copepods. Where exactly are they 
in relation to the roots? What do they eat? Who are their predators? On the bottom, check for leaf 
litter. Are there any signs of herbivory? What is eating the leaves? Assess which source contributes 
most to the food chain: herbivory or detrital? Pick up some Avicennia marina leaves from the 
bottom and feel the surface. What is on the surface of the leaf? Sketch a tentative diagram of the 
mangrove food web, including connections with other ecosystems.

c. The aim of this activity is to identify and compare the zooplankton community of mangrove 
lagoons and mangrove channels. Ideally, the study should be performed in the Abu Dhabi mangrove 
and in the Khor Kalba mangrove. For that you need to collect samples in triplicate from each site 
with a plankton net. The conical net will be towed from a small boat for five minutes at low speed 
and kept in the first 80 centimetres of the water column. Samples collected will be transferred to 
plastic jars and fixed with a sea water formaldehyde solution. Samples will be identified in the lab 
under a microscope, with the use of a taxonomical key for plankton identification.

Twig # Cause of death — N = unknown / 
Name of species or unknown species if 
stem borer

Presence of organisms in hollow twigs 
(inquilinous organisms)
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FOR EACH LOCATION, CALCULATE THE DIVERSITY INDEX AS FOLLOWS:

H = log N – [ 1/N Σ(n
i
 log n

i
)]

H = Shannon-Wiener’s Diversity Index

N = Total number of individuals

n
i
 = Number of individuals in ith taxon

Which is the most frequent taxonomic group? Which community is the most diverse?  
Is there a change of diversity when moving — from channel to lagoon; from Abu Dhabi to Khor Kalba?  
Give possible explanations for the observed differences.

d. Observe and identify animal communities (sea squirts, sponges and other invertebrates) associated 
to the mangrove. The Umm al Quwain mangrove provides valuable and easily accessible observation 
spots for such a study, especially close to piers and underwater manmade structures.

e. SNORKELING IS REQUIRED FOR THIS ACTIVITY. 
The objective of this activity is to compare the known complexity of macrofaunal coral communi-
ties with adjacent seagrass and mangrove communities. Student will need to snorkel along transects 
from the mangroves across seagrass beds to coral reef patches. They will make an inventory of the 
species observed: fish, corals, invertebrates and algae. Back to the lab they will compare the three 
communities for species richness and abundance of organisms. Make a ranking of the three most 
commonly observed species for each community.
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2.2.4 Interaction between the mangrove and its environment

a. Record and compile information about water quality and climate. Perform on site measurements of 
physico-chemical parameters with portable equipment: sea water temperature, oxygen (%), carbon 
dioxide (%), conductivity, pH, air temperature, light intensity and flooding intensity. Record other 
water characteristics such as colour, smell and turbidity.  
With appropriate sampling equipment, take water samples and transfer them to a qualified 
laboratory or the Chemistry Department of your university (store on ice in a cool box) for COD, 
TOC, nutrients (nitrate, sulphates, phosphates), salinity and sulphide. Again, the study should be 
performed in at least three locations with different conditions such Abu Dhabi, Umm Al Quwain and 
Khor Kalba.

b. The objectives of this activity are to examine structural characteristics of Avicennia marina that 
confer resistance to the abiotic stress factors. Collect representative terminal twigs of five trees 
and place in plastic bags to transfer to the laboratory. Study the colour, leaf area, width and length. 
Examine the twigs and observe the leaf scar arrangement and intermodal distance. Cut a thin 
cross-section of a leaf and mount on a slide. Sketch and identify the following layers and structures 
(when present): cuticle, upper epidermis, hypodermis, palisade mesophyll, spongy mesophyll, lower 
epidermis, stomata,  
hairs and salt glands.

c. Collect pneumatophores and horizontal roots and place in plastic bags. In the lab, sketch the entire 
root system, noting the location of lenticels. Cut a cross-section of a horizontal root and observe 
under the microscope. Sketch and label the epidermis, cortex, stele and aerenchyma.

d. Make a summary of anatomical structures allowing Avicennia marina to cope with the extreme  
environment. For best results, this study should be performed on the Abu Dhabi mangrove.
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SEAGRASS BEDS
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3.1 WHAT ARE SEAGRASSES?

Seagrasses are a mixed group of highly specialized rhizomatous flowering plants 
that are fully adapted to surviving submerged in the marine environment or in 
estuaries.

These vascular plants are generally restricted to soft sediment habitats and can 
form extensive meadows in temperate to tropical coastal environments. Seagrass 
beds are usually found in sheltered inshore waters at shallow depths of less than 
ten metres. However, they can also be found in patchy distribution offshore or in 
lower intertidal areas.

Seagrasses are a type of submerged aquatic vegetation that forms highly dynamic 
and productive ecosystems. While they provide important ecological and econom-
ical benefits to coastal ecosystems around the world, this valuable habitat is often 
overlooked.

3.2 TAXONOMY

The taxonomic relations and nomenclature of seagrasses is still considerably 
debated across the world. However, it is generally accepted that seagrasses form  
a functional group of approximately 58 species of marine plants.

Seagrasses are angiosperms that have evolved from several lineages of terrestrial 
flowering plants. They have adapted to a fully submerged life and comprise a 
polyphyletic group depending on the ecological niche they occupy. They are 
members of the class Angiospermae and belong to one of the following five 
families:

– Posidoniaceae (ca. 8 species worldwide)

– Zosteraceae (ca. 15 species worldwide)

– Hydrocharitaceae ( ca. 17 species worldwide and includes the Halophila genus)

– Cymodoceaceae (ca. 15 species worldwide and includes the Halodule  
and Syringodium genera)

– Ruppiaceae (ca. 4 species worldwide)

ACTIVITY //  
COMPARE THE VARIOUS 
SEAGRASS FAMILIES. 
WHAT ARE THE COMMON 
FEATURES? WHAT ARE 
THE DIFFERENCES? MAKE 
HYPOTHESES ABOUT THE 
ABSENCE OF THREE OF 
THESE FAMILIES FROM  
THE GULF. 
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3.3 PHYSIOLOGICAL AND BIOLOGICAL CHARACTERISTICS

Seagrasses are not related phylogenetically and yet the various species have 
common morphological and physiological characteristics. The main traits 
of seagrasses are that they are adapted to saline water; able to grow fully 
submerged; secured to the sediment with perennial rhizomes or ‘holdfasts’ to 
resist wave action and tidal currents; and water pollinated.

While seagrasses are totally submerged, as vascular plants, they are function-
ally comparable to terrestrial plants. Usually, seagrasses have flattened and 
elongate leaves (except for Syringodium), stems called rhizomes, a root 
system, sexual reproductive structures with flowers that are fertilized by 
water borne pollen, and produce their own food through photosynthesis.

All seagrasses have horizontally elongated underground stems or rhizomes. 
Seagrass species require sediment of a certain depth to enable the roots to 
anchor the plants in the substrate and to keep them flexible when exposed 
to waves and currents. It is through growth and branching of these rhizomes 
that seagrasses can vegetatively propagate and absorb nutrients from the 
sediment. These stems are divided into internodes by scars from old leaves 
(nodes). The length between the internodes differs between species and is 
therefore a good identification tool for differentiating seagrasses (Figure 

3.1). One or more roots, which can either be branched or unbranched, and 
a certain amount of erect shoots are formed at intervals from the rhizome 
originating at each node. These shoots also bear the leaves and the leaf 
sheaths. 

Seagrass leaves are responsible for photosynthetic and vascular functions. 
Seagrass leaves vary in length depending on the species and can measure 
from a few millimetres to over half a metre. Leaves also have the capacity 
to absorb nutrients from the water column and to transport minerals and 
nutrients that occur in the xylem and phloem. In reality, the ability of 
seagrasses to exert a major influence on the marine environment is mainly 
due to their rapid growth and high net productivity. Indeed, leaves can 
typically grow anything between five millimetres to ten millimetres a day.
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Figure 3.1 // Illustration of morphological features used to differentiate between seagrass species
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Even though most vascular plants are hermaphrodites, most species of 
seagrasses have female and male plants with sexual or asexual reproduc-
tion. Sexual, which is the most common, occurs by way of production of 
staminate and pistillate flowers and subsequently the formation of seeds. 
In most species, flowers tend to appear during the summer and autumn 
seasons. Pollen is produced and suspended in the water which then facilitates 
pollen dispersal. It is important to note that seagrasses have adopted a 
diversity of dispersal strategies once their seeds are set. Many species form 
their seeds close to their stems. For these species, seeds are usually buried in 
the substrate until a disturbance uncovers them. In other species, seeds are 
formed on stalks and released into the water column. Finally, if portions of the 
rhizome become disconnected, either through old age or physical disruption, 
the new separated pieces can continue to grow on their own as new plants.

Seagrasses are sometimes confused with marine algae due to their morpho-
logical and growth traits. However, seagrasses are more evolved and possess 
more complex structures that allow distinguishing between the two types of 
marine plants. Figure 3.2 summarizes the key morphological differences that 
allow differentiation of these two plants.

ACTIVITY //  
PREPARE SLIDES FOR OBSERVATION AND COMPARISON PURPOSES. 
CHECK FOR STOMATA, CUTICLE, AERENCHYMA, LACUNAE AND OTHER 
CELL FEATURES, SUCH AS FINE HAIR ON THE ROOTS. MAKE DRAWINGS 
AND ADD CAPTIONS USING BOTANICAL TERMINOLOGY. WHILE 
COMPARING STRUCTURES, CONSIDER THAT SEAGRASS HAVE EVOLVED 
FROM LAND PLANTS AND THAT MOST LAND PLANTS ARE UNABLE TO 
TOLERATE EVEN SMALL QUANTITIES OF SALT. 

THE DOUBLE-ENDED PIPEFISH, TRACHYRHAMPHUS BICOARCTATUS, CAN SOMETIMES BE FOUND AROUND SEAGRASS 
AREAS. THE MALE CARRIES THE EGGS IN A BROOD POUCH LOCATED UNDER THE TAIL.
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SEAGRASSES MARINE ALGAE

Will settle in shallow zones with soft 
or grainy sediments

Many species can settle in deep 
waters and adapt to a variety of 
substrates and light availability  

Complex root structure that anchors 
the plant in the sediment and allows 
nutrient and mineral extraction

Lack of true root system but tough 
holdfast that allows to anchor the 
plant to hard substrata such as rocks 
and shells 

Have specialised tissues that perform 
specific tasks within each plant

Have a relatively simple and  
unspecialised structure 

Since chloroplasts are only found in 
leaves, photosynthesis is restricted to 
cells that occur in the leaves

Photosynthesis is undertaken by 
all cells that are capable of utilising 
sunlight to produce chemical energy 

Transport of minerals and nutrients 
takes place in the xylem and phloem

There are no vascular tissues to 
carry molecules around the plant so 
the take up of minerals and other 
nutrients is undertaken directly from 
the water column via diffusion 

Male and female plants produce 
flowers and seeds with embryos 
inside ovaries

Lack of specialised reproductive 
structures so reproduction is done  
via spores  

Only the leaves of seagrasses are 
green. The chlorophyll in these leaves 
and their accessory pigments are 
insufficient for capturing the energetic 
wavelengths of light available in  
deep waters

Seaweeds can be blue, green, red or 
brown. They have additional accessory 
pigments that enable them to capture 
a wide range of light energy and allow 
them to survive in areas with lower 
light availability 

Figure 3.2 // Morphological differences between seagrasses and marine algae

97

MARINE ECOSYSTEMS IN THE UAE / SEAGRASS BEDS



3.4 SEAGRASSES IN THE UAE

The aridity, high temperatures and high water salinities present around the 
Gulf make this region a stressful environment for seagrasses. Therefore, only 
seagrass species that are highly tolerant to these climatic conditions can be 
found in the Gulf.  Only four of the seven seagrass species identified for the 
tropical Indo-West Pacific have been recorded in this body of water: Halodule 

univervis, Halophila ovalis, Halophila stipulacea and Syringodium isoetifolium 

(this species is not found in UAE waters). While an unusually fine-bladed 
seagrass has also been observed on several occasions, it has been classified as 
a phenotypic variable of Halodule uninervis rather than a separate species.

The three euryhaline seagrass species found in UAE waters are considered to 
be very tolerant to extremes in salinities and temperatures. Details on each 
of these species can be found in Figure 3.3.

ACTIVITY // 
CREATE AN IDENTIFICA-
TION KEY FOR THE 
THREE SEAGRASS SPECIES 
FOUND IN THE UAE. FOR 
A WIDER SCOPE, DEVELOP 
A KEY FOR ALL RECOG-
NISED SEAGRASS SPECIES. 
INCLUDE DRAWINGS 
BASED ON BOTANICAL 
FEATURES.
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Figure 3.3 // Seagrass species in the UAE

HALODULE UNINERVIS OR NARROW LEAF SEAGRASS

This species is the most abundant seagrass species in UAE waters. It covers 76% of 
seagrass areas in Abu Dhabi waters and generally occupies a wide range of habitats 
from the muddy intertidal to reef tops. Its tolerance to high salinity fluctuations is 
due to the plasticity stimulated by various local conditions.

KEY CHARACTERISTICS:  Found in monospecific or mixed meadows; common 
intertidally; restricted to a depth of 11 metres; leaves arise from vertical stems with 
pointed, bi-dentate or tri-dentate tips; leaf width 0.2 to 4 mm and length between 
5 and 15 cm; rhizomes thin and light coloured with nodes encircled by dark fibres; 
no cross veins in leaves; seed almost round with dark and smooth texture (2 mm 
diameter); separate male and female plants.

HALOPHILA OVALIS OR PADDLE LEAF SEAGRASS

This species has the ability to grow in low light intensities and allows it to survive in 
deeper or turbid waters. It therefore has one of the widest environmental ranges of 
all seagrass species. It represents 11% of all seagrasses found in Abu Dhabi waters. 
It exhibits significant morphological plasticity and is easily recognizable by its oval 
shaped leaves. 

KEY CHARACTERISTICS: Occurs in low salinity to hypersaline waters, from intertidal 
to deep water over 15 metres; found in monospecific and mixed meadows; common 
intertidally and subtidally to over 30 metres; pair of leaves in a petiole arise directly 
from the rhizome; leaf width 0.5 to 2.5 cm and length between 1 and 4 centimetres; 
rhizomes thin, white to yellow in colour; leaves have obvious cross-veins (4 to 25) 
and an intramarginal vein, can sometimes have small red dots near the mid vein; 
leaves with smooth edge and no serrations; tiny seeds of about 0.5 mm diameter; 
separate male and female plants.

HALOPHILA STIPULACEA OR BROAD LEAF SEAGRASS

This species has a high tolerance to a wide range of extreme environmental condi-
tions. It appears to have an upper depth limit in clear shallow waters due to its 
ultra-violet light intolerance. It is therefore found at depths that some species cannot 
tolerate. It constitutes 13% of species found in Abu Dhabi waters. 

KEY CHARACTERISTICS: Occurs in dense meadows in shallow to deep subtidal areas; 
found in monospecific and mixed meadows; can be found at a depth of 30 metres; 
pair of leaves arise from within a lopsided sheath, sometimes situated very close to 
each other; leaf width 0.8 cm and length can be up to 8 cm on a 2 cm petiole; leaves 
with serrated edges especially towards apex; leaves sometimes have minute hairs on 
their surface; leaves have cross veins arising from an obvious mid-vein; tiny seeds of 
about 0.5 mm; separate male and female plants.
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3.5 DISTRIBUTION

Seagrass beds are believed to cover approximately 5% of the world’s seabed. 
Globally, they are one of the most widespread marine ecosystems and are 
only absent from the Arctic and Antarctic areas. To date, there has only 
been one global area estimate for seagrass distribution and it amounts to 
an area of 600,000 km2. The Philippines, Indonesia and Papua New Guinea 
are considered to be the centre of seagrass biodiversity around the world. 
Furthermore, Australia possesses the highest diversity of species and the 
most widespread beds worldwide.

Seagrasses generally occur in shallow coastal waters, in sheltered soft-bottom 
inshore areas and estuaries. Seagrass meadows consist of dense monospecific 
or multi-species communities. They are also usually found in close proximity 
to and are ecologically linked with other ecosystems such as coral reefs, 
mangroves, salt marshes and other marine habitats. In offshore areas, they 
appear to have a more patchy distribution and are less prevalent. Tropical 
species can generally be found at depths varying from less than ten metres to 
over sixty metres in clear waters.

In the Gulf, seagrasses present a complex distribution pattern which is a 
reflection of the diverse nature of the seabed and the fluctuating oceano-
graphic conditions. They cover large areas of shallow and muddy sand along 
the coastal areas and lagoons of the southern Gulf. They vary between 
monospecific or mixed meadows and isolated, sparse patches in shallow 
waters (less than 5 metres) to dense seagrass beds in deeper waters (up to 
15 metres). They are generally confined to sub-littoral sediments because of 
their low tolerance to long exposures to high air temperatures.

Their distribution in the Gulf is widespread. In Saudi Arabian waters, some 
well developed strands occur in shallow coastal embayments of less than ten 
metres depth. Furthermore, along the coast of Bahrain, which is characteristic 
of shallow waters, seagrasses are relatively common. This is particularly true 
for the southeast coast of Bahrain and the coast of Qatar. On the other hand, 
seagrasses are less common in Kuwait and the coast of Iran. 

ACTIVITY //  
CREATE A MAP OF THE 
WORLD OUTLINING 
AREAS WHERE SEAGRASS 
MEADOWS ARE 
ABUNDANT. HIGHLIGHT 
AREAS WHERE HALODULE 
UNINERVIS, HALOPHILA 
OVALIS AND HALOPHILA 
STIPULACEA CAN BE 
FOUND. WHAT ARE THE 
SIMILARITIES AND THE 
DIFFERENCES BETWEEN 
THESE AREAS AND THE 
GULF?
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Seagrass meadows are prevalent in the sheltered shallow waters and lagoons 
off the coast of the Emirate of Abu Dhabi. Studies on seagrasses in Abu 
Dhabi, estimated a total of 5,500 kilometres of seagrasses in both inshore 
and offshore waters. The most extensive and dense beds can be found in the 
Marawah Protected Area. However seagrass meadows have been documented 
further offshore by Qarnein and Arzanah islands (Figure 3.4).While the coast 
bordering the remaining Emirates has not been thoroughly studied and 
information remains scant, seagrass areas are also found along the coastlines 
of Dubai, Sharjah, Umm Al Quwain and Ras Al Khaimah.
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FIGURE 3.4 // MAP OF SEAGRASS AREAS IN THE UAE

MAP DATA ADAPTED FROM — WWF. CORAL REEF INVESTIGATIONS IN THE SOUTHEASTERN ARABIAN 
GULF; UNITED NATIONS ENVIRONMENT PROGRAMME (UNEP)
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DUGONGS, DUGONG DUGON, GRAZE ON LARGE AMOUNTS OF SEAGRASS, 
LEAVING BEHIND FEEDING TRAILS OF BARE SAND AND UPROOTED SEAGRASS. 
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THE FRECKLED GOATFISH, UPENEUS TRAGULA, USES ITS BARBELS TO PROBE 
INTO THE SAND IN SEARCH OF SMALL INVERTEBRATES TO FEED ON.
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3.6 DETERMINANTS OF SEAGRASS DISTRIBUTION

A large number of environmental conditions are crucial to determine the 
distribution, growth and sustainability of seagrass meadows. These include 
physical parameters that regulate the physiological activity of seagrasses, 
natural occurrences that can limit the photosynthetic activity of these plants 
as well as anthropogenic impacts that can inhibit their growth. The combina-
tion of these conditions will enable the occurrence or eliminate seagrasses 
from an area.

Light and depth

Light and depth influence the distribution, development and condition of 
seagrasses. Since seagrasses and associated epiphytes are photosynthetic, 
the attenuation of light penetration at deeper depths influences the vertical 
extent of seagrasses. The minimum light requirement for seagrasses has 
been estimated at 10 to 20% of the available surface light. Furthermore, at 
greater water depths light penetration is reduced and attenuates some light 
frequencies. These figures are higher than light requirements for other species 
of marine plants partly due to the photosynthetic needs required for survival 
when rooted in anoxic sediments. Below these light requirements, seagrasses 
will not survive.

Different species of seagrass have a variety of light requirements and the 
depth distribution may vary considerably. In the Gulf, a body of water that 
can be highly turbid, seagrasses are often restricted to depths of eight to ten 
metres or less but can still exceptionally occur at 17 metre depths. Intense 
solar radiation and high temperatures in this region during the summer 
season are thought to be a major factor controlling the upper depth limit.

Tides, waves and currents

The distribution of seagrasses often reflects the hydrodynamic regime of an 
area. Tidal influences can restrict the depths at which seagrasses can be found 
due to reduced light penetration. Seagrass areas exposed at low tide can suffer 
impacts from desiccation, sun burning, ultra violet damage or even freezing. 
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Water movements can also have an effect on seagrasses and habitat 
structure. An increase in leaf biomass, width and canopy height has been 
reported in areas with high current velocity. Generally, seagrass beds are 
more commonly found in sheltered areas where there is little to no current 
or waves which in turn allows them to anchor to the sediment. However, this 
is species dependent as some species prefer exposed conditions and high 
illumination while others prefer intertidal protected and shaded conditions. 
Hydrodynamic processes can also influence the dispersal of seagrass seeds 
and vegetative fragments.

Temperature and salinity

Temperature and salinity are also primary factors influencing plant establish-
ment through sexual reproduction and vegetative dispersal as well as their 
photosynthesis and seasonal growth patterns. Temperate seagrass species 
can generally grow in temperatures varying from 11 to 26 ºC while tropical 
species can survive in water up to 36 ºC.

Salinity also influences the physiology of seagrasses. For instance, hypo- or 
hypersaline conditions can inhibit photosynthesis and nutrient uptake. 
Furthermore, fluctuations in salinity can increase susceptibility to diseases. In 
the Gulf, the development of seagrass beds is greatly influenced by seasonal 
weather and environmental patterns. Only three species of seagrass can 
survive in the extreme environmental conditions that characterise the Gulf.

Substrate

The distribution of seagrasses around the world reflects the sediment 
grain size and types with some species occupying areas with coarse sandy 
sediments and others preferring finer silts and muds. The Gulf is generally 
associated with relatively fine grained sediment and this seems to be the 
preference of the three species of seagrasses found in the region. 
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Epiphytes and diseases

The accumulation of epiphytes on seagrass leaves can have an effect on 
the amount of light that penetrates the leaves for photosynthesis. This light 
attenuation can vary seasonally and shade seagrasses. Furthermore, diseases 
such as ‘wasting disease’ which have unknown causes can have tremendous 
effects on seagrasses and cause large scale die-offs. 

Nutrient and sediment loading

Nutrient regimes can have an effect on the distribution of seagrasses by 
impacting growth and physiology during and immediately after periods of 
nutrient pulses. Often, the effect on the physiology will be noticed before 
morphological responses are recorded. This leads to reduced growth, areal 
decline as well as recruitment inhibition of seagrasses. However, impacts will 
vary depending on the species of seagrass affected. Generally, nutrient enrich-
ment will lead to stress and perturbation as well as declines in seagrass beds.
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THE PHARAOH CUTTLEFISH, SEPIA PHARAONIS, RELEASES A 
CLOUD OF INK CALLED ‘SEPIA’ WHEN THREATENED. 
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3.7 ADAPTATIONS TO THE SEAGRASS ECOSYSTEM

Seagrass adaptations to the marine environment have imposed key 
constraints to the morphological characteristics and structure of these plants. 
The main adaptations that have enabled the survival of these angiosperms in 
this ecological niche include:

1. An ability to grow and develop completely submersed in sea water 
by their capacity to process dissolved nutrients as well as lowered gas 
concentrations and varying rates of diffusion.

2. An adaptation allowing them to survive in fluctuating salinity ranges with 
roots able to filter salt and prevent it from entering the plant.

3. A system of strong roots that allows them to anchor to the substrate and 
withstand the variability of currents and water movements.

4. An underwater pollen dispersal mechanism that allows effective  
reproduction.

5. An ability to compete with other marine plant species.

ACTIVITY //   
COLLECT SEAGRASSES 
AND TERRESTRIAL 
PLANTS. DETERMINE 
WHAT HAPPENS WHEN 
SEAGRASSES ARE 
EXPOSED TO AN AERIAL 
ENVIRONMENT AND 
WHEN TERRESTRIAL 
PLANTS ARE SUBMERGED 
IN WATER. INTERPRET AND 
EXPLAIN YOUR FINDINGS.
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3.8 FUNCTIONS AND USES OF SEAGRASSES

For many years, seagrass ecosystems were overlooked and considered 
habitats of low significance. However, they are important natural resources 
that perform a large number of crucial functions within ecosystems and have 
both high economic and ecological value. The high levels of productivity, the 
complex structure and the biodiversity found within this ecosystem place 
seagrasses amongst the most important habitats in the marine environment. 
Indeed, seagrasses form complex ecosystems in coastal waters providing 
physical and biological functions.

The most important function of seagrass beds is their primary production 
which includes both benthic and epibenthic production. Detritus formed 
by the breakdown of seagrass supports a large number of small marine 
animals while nutrients released during seagrass decomposition support the 
growth of marine flora (Figure 3.5). Indeed, seagrass meadows are extremely 
productive ecosystems and this habitat plays a critical role in providing food 
and shelter for many resident and transient adult and juvenile organisms 
including herbivores such as some species of fish, dugongs and turtles. 

FIGURE 3.5 // The role of seagrass detritus in the food chain. 

PART OF LEAF SEVERED 
FROM PLANT BECOME 
DETRITUS

BACTERIA INVADE  
THE DETRITUS

RELEASE OF  
NUTRIENTS (N, P, K)

PHYTOPLANKTON ABSORBS NUTRIENTS 
RELEASED BY BACTERIA

ZOOPLANKTON 
EATS BACTERIA AND 
PHYTOPLANKTON

ANIMALS EAT 
ZOOPLANKTON

BACTERIA MULTIPLY  
AND BREAK DOWN  
THE DETRITUS
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This high productivity lies at the bottom of the food chain and is also 
exported to all adjacent ecosystems. The high primary production rates 
of seagrasses and fisheries are closely linked as the growing structures of 
seagrasses provide a complex three-dimensional habitat utilised as refuge 
and nursery ground for commercially important species of fish, shellfish and 
crustaceans. Finally, the large surface of seagrass above-ground provides 
additional space for epiphytes and epifauna which support high secondary 
productivity. The complexity of seagrass ecosystems is increased within 
mixed seagrass species communities.

Once seagrasses are established, they serve to sequester carbon that can 
either be bound into sediments or exported into deeper waters. This greatly 
influences local sedimentation and therefore water quality. Indeed, seagrass 
canopy helps to encourage the settlement of nutrients and controls the 
resuspension process. Furthermore, the root system, rhizomes and leaves 
help to trap and bind sediments in the long term. Seagrasses also accumulate 
nutrients in what is otherwise a nutrient poor environment. They enable the 
settlement and removal of contaminants caused by coastal runoff in the 
water column and in sediments, therefore improving water quality in both 
the immediate environment and in adjacent waters.

Seagrasses can hold nutrients in a relatively stable environment and the 
recycling of these nutrients supports overall ecosystem productivity. These 
trapping and sediment stabilisation mechanisms allow seagrasses to interact 
with their mineral environment by ensuring good water quality. Finally, 
the oxygen released through photosynthesis also helps improve water 
quality and further supports faunal communities in both seagrass beds and 
surrounding ecosystems.

The movement of water has a large impact on the functioning of seagrass 
meadows. Seagrasses dampen wave and current energy in near shore 
environments by holding and binding sediments. This function provides 
protection to many species of fish and invertebrates as well as prevents the 
scouring of benthic areas. This also stabilises coastal sediments, reduces the 
process of erosion, limits turbidity and enhances water quality. 
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Finally, seagrasses are an integral part of the trophic web connecting shallow 
water habitats that link wetland and mangrove communities to hard 
substratum, salt marshes and coral reefs. Indeed, they are important for their 
interactions with other major marine ecosystems especially mangroves and 
coral reefs. Each of these systems exerts a stabilising effect on the marine 
environment which results in important physical and biological support for 
the other communities. Indeed, all three communities trap and hold nutrients 
from being dispersed in surrounding waters.
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THE YELLOWTAIL CLOWNFISH, AMPHIPRION CLARKII, CAN SOMETIMES BE FOUND 
LIVING IN ANEMONES WITHIN SEAGRASS AREAS IN PROXIMITY TO CORAL REEFS.
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3.9 ASSOCIATED FLORA AND FAUNA

Seagrass ecosystems are amongst the most highly productive and biodiverse 
habitats on Earth. Indeed, seagrasses do not grow in isolation but form 
an integral part and often defining part of highly complex ecosystems. 
While there are relatively few seagrass species around the world, myriad 
other species and whole assemblages of organisms can be found in these 
ecosystems. Many species are obligate members of these communities 
while others are restricted to this ecosystem for various stages of their life 
histories. Indeed, some species utilise seagrass beds for feeding, breeding, 
nursery grounds or even settle there for their adult lives. Overall, it has been 
recognised that seagrass ecosystems provide critical habitats for over 500 
plant and animal species.

The abundance of flora and fauna found in this complex community is 
primarily due to the richness of food and shelter of seagrass systems. Four 
types of fauna have been recognized in seagrass meadows. Infauna are repre-
sented by the several species of animals that live in the sediment amongst 
the rhizomes such as polychaete and annelid worms, asteroids, crustaceans, 
molluscs and anemones. Motile epifauna are the smaller, mobile animals 
found on the sediment surface or on the seagrass stems and leaves such as 
sea cucumbers, sea stars, sea urchins, crustaceans and gastropods. Sessile 

epifauna are animals that are permanently attached and living on the stems 
or leaves such as mussels, oysters and barnacles. Epibenthic fauna represents 
the larger mobile animals which are loosely associated with seagrass beds 
including shrimps, crabs and octopi. Furthermore, a large number of bacteria, 
fungi, diatoms and epiphytic algae including macroalgae, filamentous green 
seaweeds and coralline algae can generally be found encrusted on seagrass 
blades or growing in the sediment among the grass. All these organisms are 
contributors to the high productivity of seagrass meadows.

Seagrasses are also especially important for maintaining the productivity of 
local fisheries and play a crucial role in commercial and recreational fishing 
industries. This is mainly due to the high diversity and number of fish, shrimp 
and pearl oysters that feed on these pastures. Resident fishes are typically 
small, cryptic and of low commercial value. Seasonal visitors spend their 
juvenile, sub-adult or spawning season feeding in the seagrass meadows. 
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Commercially and recreationally important species of sea breams (Serranidae), grunts 
(Haemulidae), rabbitfish (Siganidae), snappers (Lutjanidae) and mojarras (Gerridae) use 
this ecosystem as nursery grounds.

Seagrass meadows are also critically important primary food sources for dugongs 
(Dugong dugon), manatees (Trichechus manatus), green sea turtles (Chelonia mydas) 
and several species of waterfowl utilising seagrass beds as feeding grounds. Many other 
species of fish and invertebrates including sea horses, shrimps and scallops, utilise 
seagrass for part of their life cycle, often for breeding or as juveniles.

DIADEMA SEA URCHINS HAVE LONG SPINES WHICH 
CAN RELEASE A WEAK POISON WHEN BROKEN.
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LARGE QUANTITIES OF FAN SHELL CLAMS (FAMILY PINNIDAE) CAN BE FOUND IN SEAGRASS MEADOWS IN JEBEL ALI, DUBAI. BUTTERFLY 
GOBIES, AMBLYGOBIUS ALBIMACULATUS, BUILD THEIR BURROWS IN THE SAND AROUND THEM BY MOVING OUT MOUTHFULS OF SEDIMENT.
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3.10 HUMAN USES OF SEAGRASSES

Seagrasses are critical habitats for both the place they occupy in the 
ecosystem and for their value to humanity. In the past, they served a variety 
of functions and were therefore utilised in many parts of the world. In 
some countries of Africa, the rhizomes were used as food. Fiber from these 
plants was used to make paper, weave mats, make baskets and thatch, stuff 
mattresses and pillows, and for upholstery as well as insulation. Seagrasses 
were also utilised as a substitute for cotton, for packaging material, as 
fertilizers and mulch, and for building dikes. Furthermore, they were used by 
many sailors to fill leaks in ship hulls.

In the UAE, seagrasses were specifically used as fertilizers and the habitat 
was considered important for oysters, mussels and shrimps which were the 
building ground for the pearl trading and fishing industry that generated 
income to Emirati fishermen for thousands of years.
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3.11 THREATS TO SEAGRASSES

In the last decades, seagrass ecosystems have increasingly been threatened 
and instances of widespread seagrass declines and losses have been docu-
mented around the world. The estimated global loss of seagrass from direct 
and indirect anthropogenic impacts is reported to be 33,000 km2 in the past 
two decades alone. These declines have caused major habitat loss and are 
often characterised by a sudden collapse in the seagrass ecosystem from a 
vegetative to a barren area. The recovery potential of these plants is remark-
ably low and once damage has been done, some areas may never be able to 
recover.

A number of both biotic and abiotic factors can influence seagrasses 
including natural impacts such as storms, excessive grazing by herbivores 
and disease as well as anthropogenic threats such as pollution, dredging, 
sedimentation and propeller scaring. Generally, it is recognised that the most 
pervasive factor leading to seagrass loss is the reduction in light availability. 
However, all these disturbances can damage and threaten seagrass ecosys-
tems.

The effects of these stresses on seagrasses are highly dependent on both the 
nature of the impact and the particular environmental conditions present 
in the area. If only leaves and above ground vegetation are impacted, the 
recovery potential is high and some species might recover within weeks. 
On the other hand, if the roots and rhizomes are damaged, the ability of 
seagrasses to reproduce is severely threatened and the recovery potential is 
drastically reduced. The following is a review of both natural and anthropo-
genic threats faced by seagrass ecosystems around the world.

Point and non-point sources of pollution

Large volumes of storm water runoff carrying excessive amounts of nitrogen 
and phosphorous from fertilizers, household chemicals, oils, pesticides, animal 
wastes and other debris can accelerate the growth rate of phytoplankton. 
This excess nutrient loading can cause massive algal blooms that reduce 
water clarity by blocking sunlight penetration. The reduction in light levels, as 
well as the depletion of nutrient supply leads to the death and decomposi-
tion of microalgal blooms. 
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COASTAL POLLUTION CAN CAUSE THE SEAGRASS TO BE SMOTHERED BY ALGAE. THIS REDUCES THEIR 
LIGHT SUPPLY AND EVENTUALLY LEADS TO A DECLINE OF SEAGRASS COVER AND DENSITY.
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The process of decomposition exacerbates the damage to the water quality 
by depleting the remaining dissolved oxygen in the water column which 
can sometimes lead to hypoxic conditions and fish kills. Because seagrasses 
stabilise bottom sediments and help in the absorption of excess nutrients 
from land run off, damaged meadows lead to continually re-suspended 
bottom sediments and excess nutrients that further damage water quality in 
the long term.

Dredging, land reclamation and sedimentation 

Dredging and reclamation activities release sediments that are usually 
trapped at the bottom, churn up seagrass beds as well as increase turbidity 
and suspended sediments in the water column. In recent years, countries 
bordering the Gulf and particularly the UAE have initiated large scale 
dredging and land reclamation projects. The dredging and dumping opera-
tions required for these projects are affecting large areas of sensitive marine 
ecosystems as water quality conditions have been altered. 

In addition, the construction of seawalls, bridges, breakwaters and groynes can 
cause a temporary or long term decline in water transparency, an increase in 
concentrations of suspended matters and high sedimentation rates.

In some areas, whole seagrass meadows have been buried under sediments 
and overall seagrass density and water quality has been drastically reduced. 
Furthermore, the dredging and reclamation impact the hydrodynamic 
properties of the area including the bathymetry, current direction and 
velocity which is a major threat to seagrass ecosystems. Indeed, it affects the 
sedimentary regime and may cause erosion under seagrass beds. If sediments 
have high organic matter contents or are contaminated, dredging can also 
lead to a decrease in water quality due to an increase in nutrient concentra-
tions and reduced dissolved oxygen in the water column. Therefore, the 
turbidity and sedimentation caused by these activities affect seagrass beds 
and any adjacent habitats by reducing light availability, increasing nutrient 
loading and causing mortality of seagrasses and associated benthic fauna.
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Oil pollution

Detailed information on the impact of oil spills on seagrass beds is lacking. 
However, it is believed that oil pollution can cause both physical and physi-
ological damage to seagrasses. Furthermore, some species are recognised 
as being highly sensitive to the dispersants used to combat oil spills. The 
smothering of seagrass leaves and stems by oil will lead to mortality or the 
destabilisation of the sediments. The accumulation of oil on the sediment 
will eventually form glutinous balls which are susceptible to current and 
wave action and can therefore uproot whole seagrass areas. The seagrass 
areas along the coast of the Gulf are highly threatened by oil spills. However, 
studies have shown that the Gulf War oil spill in Kuwait had limited short 
term effects on the seagrass areas in the north eastern Gulf.

Disease

Wasting disease caused a 90% decline in eelgrass (Zostera spp.) coverage in 
the 1930s. It is believed that this disease is due to marine slime mould but 
this has not been confirmed. It has since been the cause of many seagrass 
declines in temperate coastal areas. Furthermore, like terrestrial plants, 
seagrasses are susceptible to various diseases brought by parasites such as 
fungi or even from parasitic epiphytic plants. 

Animal grazing

Excessive grazing by herbivores such as dugongs, turtles, sea urchins as well 
other animals including crabs, rays and fishes can disturb rhizomes and roots 
and break leaves as they forage.

Storms

Sudden changes in temperatures and storms can cause widespread damage 
to established seagrass beds. Waves caused by these climatic changes can 
break and uproot seagrasses having a long term effect if rhizomes and roots 
are damaged.
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PHARAOH CUTTLEFISH ARE FAMOUS FOR THEIR BRIGHT COLORATION AND IRIDESCENT BLUE BANDS. HOWEVER, THEY ARE MASTERS OF 
DISGUISE AND CAN RAPIDLY CHANGE COLORS AND PATTERNS TO COMMUNICATE WARNINGS, FOR COURTSHIP DISPLAYS AND CAMOUFLAGE.
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Propeller scarring

Scarring usually occurs in areas where the water is shallower than the draft 
of the boat. Damage to seagrass from propeller scarring fragments seagrass 
habitats, damage the blades as well as the underground roots of the plants. 
It can also majorly restrict the movement and migration of a variety of 
marine species. Depending on the species of seagrass, it can take anything 
from 2 to 10 years for an area to recover from propeller scar cuts. This can 
lead to the creation of barren areas where species of fish, mammals and 
reptiles were once abundant.

Climate change

Global climate change could impact seagrass distribution and abundance 
as sea level rises and severe storms occur more frequently. Some scientists 
believe that due to the relatively slow growth rate of some seagrass species, 
these plants might not be able to adapt quickly enough to the changes in 
temperatures and sea levels. 

ACTIVITY //   
DEVELOP IDEAS ON MITIGATION MEASURES THAT CAN BE DEVELOPED 
TO MINIMIZE THE EFFECTS OF THREATS SEAGRASSES FACE. WOULD 
THESE INITIATIVES WORK IN THE UAE? WOULD THEY BE MORE SUC-
CESSFUL IN OTHER PARTS OF WORLD? EXPLAIN YOUR REASONING.
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THE ARABIAN GULF SEA SNAKE, HYDROPHIS LAPEMOIDES, IS COMMONLY SEEN RESTING AT THE 
SURFACE DURING THE DAY. IT IS NOT AGGRESSIVE BUT HAS A STRONG MYOTOXIC VENOM. 
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SEA PONIES, HIPPOCAMPUS FUSCUS, ENGAGE IN A COURTSHIP DANCE FOR 8 HOURS 
BEFORE MATING. THE FEMALE THEN DEPOSITS UP TO 1,500 EGGS IN THE MALE’S POUCH.
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3.12 SEAGRASS CONSERVATION AND MANAGEMENT

Seagrasses are an important and valuable part of the Gulf as they represent 
a highly diverse ecosystem that sustains a large number of fauna and flora. 
However, seagrass meadows are also fragile habitats and are disappearing 
at an alarming rate. Rapid population growth combined with large scale 
developments have been associated with substantial losses of seagrass beds 
in many areas of the world. Efforts have been made in several countries to 
rehabilitate seagrass habitats by undertaking transplantations, improving 
water quality, restricting boat activities, managing all fishing and aquaculture 
activities, and protecting the existing habitats through innovative laws 
and new environmental policies. However, the recovery potential of these 
plants is still misunderstood and lack of information on recovery rates and 
successful restoration measures is limited. Indeed, only 30% of seagrass 
restoration projects around the world have been successful. 

Generally, most scientific information on seagrass ecosystems is based on 
site specific studies. Little information is available on the actual diversity 
and distribution of these meadows on a regional scale in the Gulf. The 
recognition that the seagrass ecosystem is of economic value as nursery 
grounds for commercial and recreational species should raise concern for 
the preservation of these habitats in the region. Indeed, they sustain the 
second largest dugong population in the world which is a charismatic species 
of public interest. However, seagrass meadows in this area still receive little 
attention and there are no national or regional laws specifically protecting 
this ecosystem.

While the Marawah and Al Yasat Marine Protected Areas in Abu Dhabi were 
not established to specifically protect seagrasses, they include some of 
the largest expanses of seagrass meadows in the country and now receive 
protection under federal law. Seagrasses play a vital role in supporting marine 
communities and in maintaining diverse flora and fauna. It is therefore 
important that management decisions take into account these values and 
that this ecosystem is protected from loss. The development of progressive 
management plans with emphasis on seagrass conservation is needed 
to insure these coastal systems remain viable. In order to develop and 
implement new initiatives, data needs to be collected on factors influencing 

ACTIVITY //   
USING A COMBINATION 
OF AT LEAST SEVEN 
WORDS FOUND IN BOLD 
THROUGHOUT 
THE CHAPTER AND TERMS 
THAT CHARACTERIZE 
SEAGRASSES, CREATE  
A CROSSWORD PUZZLE. 
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growth, abundance, distribution and post-disturbance recovery rates of these 
plants. However, long-term monitoring in the region is lacking as well as 
effective mitigation planning.

The recognition that seagrass beds are valuable ecosystems that provide 
ecological and economic benefits, should spark some new management 
initiatives that incorporate stakeholder involvement as well as public 
education and outreach programs. Marine animals such as dugongs and 
turtles should be used as flagship species to attract attention to these 
ecosystems. This will ensure support of seagrass restoration as an effective 
management strategy.

THE NAME OF THE GREEN TURTLE, CHELONIA MYDAS, DERIVES FROM ITS GREENISH COLOURED FAT TISSUE UNDER  
ITS CARAPACE. THIS IS BECAUSE ADULTS OF THIS SPECIES MAINLY FEED ON SEAGRASS AND ALGAE.

127

MARINE ECOSYSTEMS IN THE UAE / SEAGRASS BEDS





SEAGRASS ACTIVITIES

THE FOLLOWING CLASSROOM AND FIELD ACTIVITIES CAN BE ADAPTED 
BASED ON THE OBJECTIVES OF THE COURSE, THE STUDENTS LEVEL  
(FROM ELEMENTARY TO UNIVERSITY LEVELS), THE CURRICULUM,  
THE AVAILABILITY OF TIME AND ACCESSIBILITY TO SEAGRASS AREAS.
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3.1 CLASSROOM ACTIVITIES

3.1.1  General knowledge questions

a. Where is the largest seagrass area located in the UAE?

b. Which species of seagrasses can be found in the Gulf?

c. List the main differences between seagrasses and algae.

d. Which factors explain the distribution of seagrass species?

e. What are the physiological requirements for growth in seawater?

f. Why are seagrass beds so important for various species of flora and fauna?

g. What are the main threats to seagrasses in the UAE?

3.1.2 Mapping activity

A reliable map of your area of interest is a basic document for all further studies about seagrasses. Mapping 
should be considered as a first step for any research and exploration work on these species. Field mapping of 
seagrass beds is complicated as they are generally only present underwater. Photographic surveys need to be 
combined with intensive ground surveys consisting of underwater videos, diver transects and glass bottom 
boat methods. 

a. Visit areas where seagrasses are present close to shore. Using a glass bottom boat, a high resolution 
underwater camera and video, a handheld GPS unit and a depth sounder, record site coordinates 
where seagrasses can be found. Take pictures at the various sites to identify which seagrass species 
can be found in the meadows. Create a map of the area including features such as depth, distance 
from shore and other adjacent habitats. 

b. From the pictures and maps created, draw detailed cross-sections of the seagrass areas at various 
UAE locations. Include locations where mangroves and corals are found.

3.1.3 Research activity

a. Create a figure illustrating food chains involving seagrasses:

– grazing food chains, starting with the leaves and stems;

– detrital food chains, starting with seagrass detritus.

b. Investigate biological features that allow seagrasses to resist to salinity. How do seagrasses protect 
themselves from dehydration?

c. Compare the seagrass ecosystem found in the UAE with other seagrass ecosystems from across the 
world. You can choose to focus your study on seas with similar depths such as the Baltic Sea, seas 
with increased salinities such as the Black Sea or Mediterranean Sea, and seas with similar latitudes 
such as the Caribbean.
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3.2 FIELD AND LABORATORY ACTIVITIES

Field activities need to be planned well in advance and permission must be obtained from the relevant 
authorities. Teachers must ensure students are well equipped and protected against sunburn, insect bites 
and burrowing animals. Students must be informed of the animals they might encounter while in the field 
including sea snakes and stone fish as well as the potential risks associated with them. For thorough investiga-
tions of seagrass beds, diving is required. Keep in mind that diving certifications, appropriate equipment and 
liability waivers are necessary for all diving activities.

3.2.1 Seagrass pressing 

Like flowers, seagrasses can be dried and kept in books. Unlike other water plants, the three UAE seagrass 
species are relatively thin, hence easy enough to dry under the favourable UAE weather conditions.

A. Material needed include:

– fresh seagrass

– plastic bag

– paper and pen for labelling

– clean white paper (A4 photocopy paper)

– old newspaper

– corrugated cardboard

– heavy books (dictionary, phone books) 

B.  You will need to sample all three UAE species, though only the shallowest one (Halodule uninervis) 
will be easy to collect. Fresh seagrass can be collected during field activity.  
Fresh seagrass can also be found washed ashore after a storm. You will only need small quantities 
but make sure you have all parts of the plant — leaves, roots and rhizome.

1. Until you do the pressing, place the sample in a labelled plastic bag full of seawater.  
Press as soon as possible.

2. Wash the seagrass sample in clean water and remove any epiphytes, sediments and debris.

3. Lay out the specimen on a clean sheet of white paper, spreading all parts.

4. Prepare a label including the date and location of collection, the name of the species and the 
name of the person who collected it. Place the label in the lower right hand corner of the white 
sheet.

5. Cover the white sheet with another white sheet of paper.

6. Place the two sheets between several sheets of newspaper.

7. Place the newspaper between two sheets of corrugated cardboard.

8. Place between heavy books.

9. Allow to set in a dry, warm and dark place for one week. Replace the newspaper every day for 
optimum result. The drying process should be very quick under UAE climatic conditions.

10. Once dry, store your preserved seagrass specimen in a dry place using the same requirements as 
for printed pictures.
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3.2.2 Study of the reproductive organs

a. Sexual reproduction: during the reproduction season, collect some flowers, fruits and seeds for 
observation with a magnifier or microscope. Draw flowers, stamens, pistils. Add captions using 
botanical terminology.

b. Flowers are borne at the base of the leaf clusters. The stamens and pistils extend above the petals. 
Seagrass pollen grains are the largest of the flowering plants. Halodule sp. produce elongated pollen 
transported on the water surface; Halophila sp. produce spherical pollen grains, but the grains 
remain joined together in long chains, giving the same effect as filamentous pollen. Collect pollen 
grains, observe under the microscope and make drawings.

c.  Asexual reproduction: like true grasses, seagrasses have growing points that are below the reach 
of the grazer’s mouth. When most of the leaves of the grass are removed and eaten, the growing 
points can produce new leaves. Dugongs and turtles are of course able to eat the flowers, thus 
preventing sexual reproduction, but grasses also reproduce asexually by sending out rhizomes, called 
tillers, that grow along or just below the bottom surface. Buds along the tiller produce new grass 
plants. Make cross-sections of rhizomes and buds; compare with cross sections of stems and roots.

3.2.3 Effects of increased salt contents

The average ocean salinity is 35 ppt or 3.5 % salts and generally contains salts other than NaCl. In the 
laboratory, salt water is commonly prepared by dissolving 35 grams of table salt in 1 litre distilled water.

In nine identical tanks, prepare a series of solutions of increased salt content, from 3% to 8% which is a 
concentration easily reached in the discharge areas of the brine solutions from desalination plants. As reference, 
add one tank with clear seawater collected at the location of your seagrass sampling. All ten tanks should 
otherwise have similar environmental parameters (light, temperature and oxygenation). Monitor seagrass 
changes over time. What is the optimal salinity for the tested species?
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3.2.4 Seagrass monitoring

This activity has been adapted to the UAE conditions from the Seagrass Educators Handbook available at  
www.seagrasswatch.org. This activity should at best be performed during the lowest tides in calm seas.  
Check the local tide tables. Beforehand, the teacher needs to explore possible areas of investigation and acquire  
the necessary permits. 

Select an area that is accessible on foot (waddling boots) and larger than 50 x 50 metres. Design a realistic 
timetable, which includes time of arrival, departure, and all activities that you wish to achieve during the 
day. Prepare your students to the idea of getting up early. Organize transportation to and back to the school/
university/meeting point.

Each participant should receive the timetable and a list of equipment they need to bring, at least one week in 
advance. Also provide students with necessary documentation as they should have a basic knowledge of what 
to do before getting there. 

Return to the area the day before the event so you are familiar with the surroundings. The activity is designed 
for three groups but can be adapted to larger or small number of groups by modifying quantities of quadrats 
and transects. This activity requires attendance by one adult/teacher per group at all times and one person as 
supervisor of the three groups.

a. A quadrat is a square frame placed over an area of ground. All the plants inside the frame are 
recorded. In the UAE, you may for instance record 100% of Halodule uninervis if your quadrat is 
located in an area above five metres depth. Quadrats should be thrown at random in the habitat, 
otherwise the test will be considered biased.

b. As seagrasses beds are quite monospecific in the UAE, studying zonation of seagrasses can be better 
achieved by making a line transect. A transect line is made by stretching a rope across the area of 
study. As zonation is usually depth and light dependent, the measuring tape is usually stretched 
from the beach to the sea. Then, the plants growing along the rope are recorded at chosen intervals, 
called stations, along the tape. You can mark each station of the tape with coloured markers or by 
recording the intervals. At each station, other parameters may also be recorded, such as depth, light, 
water temperature, nature and structure of the ground and salinity. The idea is to see if there is a 
pattern between zonation and the abiotic factors. 

c. The material needed include:

– Clothing: waddling boots, trousers, long-arm shirts, protection against sun and mosquitoes 
(especially if your area is close to the mangrove).

– GPS unit(s)

– Three cameras

– A compass

– 3 x 50 cm x 50 cm quadrats

– 3 x 50 metres measuring tapes

– Three pairs of thick plastic gloves.
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– Three small white boards to label each quadrat before taking a picture.

– 6 x 50 cm plastic tent pegs (the kind of pegs used for sandy ground).

– Clipboards, pencils, 30 cm rulers, magnifying glass. One student in each group will be in charge of 
writing everything down. 

– Documentation on the three existing species and guidelines on performing a vegetation survey 
(the Braun-Blanquet cover-abundance scale (see 3.2.7).  
Each student should receive a copy of the documentation.

– Water and food.

– A large plastic bag to collect all rubbish generated. If there is enough time, combine  
the monitoring event with a beach clean-up event.

– Safety items should not be forgotten such as a First-Aid kit and a mobile phone with  
the Coast Guard number. 

d. The following protocol should be followed:

– For the layout, bring the students to the selected area and divide them in three groups – each 
supervised by one adult. Give each group a measuring tape. Let each group lay out one 50 metres 
transect, fixing it at each extremity with a tent peg. The three transects should be 25 metres apart 
and perpendicular to the shore (use the compass for orientation and record the accurate location 
with the GPS unit).

– For the monitoring, give each group one quadrat and have them measure seagrass cover every 5 
metres, starting at zero and ending at 50 metres. Write down the location and time (ex: Transect 
2, 10 metres, 10:20) of each quadrat on a data sheet, label the quadrat using the board (e.g.: “T1 
-5m” for the quadrat along the first transect at five metres) and take a picture. Make sure the 
photo includes the entire quadrat frame, label and tape measure, and is taken as vertically as 
possible (ask the tallest person in the group to take it). If provided on the camera, put down the 
picture number on the data sheet. Identify seagrass species composition – it should be quite easy 
as there are only three. 

 Using the Braun-Blanquet cover-abundance scale, determine the total cover percentage and the 
percent contribution of each species to the cover. Describe the sediment composition. With gloves 
on, dig your fingers in the top ground layer and feel the texture of the sediment. Describe the 
sediment (colour, smell, grain size – sand/fine; sand/find; sand-mud/mud). Count and describe 
all animals such as sea cucumbers, urchins and sea shells inside the quadrat. Check for evidence 
of dugong or green turtle grazing. Estimate the macro-algae percent cover. Measure the canopy 
height of the dominant species: the height can be defined as the distance from the bottom to the 
top of the leaves, ignoring the 20% tallest leaves. Note any additional interesting features. Before 
moving the quadrat to the next location, check that the data sheet is complete. Ask one student 
to take a sample of seagrass for pressing at one location.
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– Once all three groups are finished, ask each group to put down their name on the first data sheet 
of each transects. Collect all data sheets and check that they are correctly completed. Remove 
all equipment from the site (pegs, measuring tape, etc.). Rinse the equipment in water to remove 
any mud. Make sure you do not leave any equipment or rubbish in the sea or on the beach. Ask all 
students their help in gathering the rubbish. 

 Back at the lab: rinse all the equipment with freshwater and let them dry. Pack and store them for 
the next sampling.

– Enter all data in an MS-Excel file for further processing. Guidelines on data processing and 
analysis can be obtained at Seagrass-Watch (www.seagrasswatch.org).

3.2.5 Food webs in seagrass beds

This is a Secondary level activity, but it can be used for university students as an introduction to ecosystems 
and to emphasise the role of seagrass beds as habitats.

a. Write the names of all inhabitants and visitors of seagrass beds on cards (use the seagrass food web 
table below). Each student needs to pick a different card. The teacher needs to have a ball of string 
(or wool). Start building food chains, from the producers to the top predators. The producer needs to 
hold the end of the ball of string, which will then unroll to the primary consumer, and so on. When 
the chain arrives to the top predator, cut the string (and continue to hold it tight).

For university students: let the students populate the list of organisms linked to seagrass beds first. Do not 
use strings but have the students line up from producer to top predator.

b. Make at least ten different chains. See how complicated the food web can be. Now, imagine that 
seagrasses disappears as a result of dredging. What happens to the food chains? What happens 
to the food web? To let the students visualise what happens, take a pair of scissors and cut all the 
strings starting from the seagrass.

c. Make an animal disappear and see what happens. Try to imagine the consequences. Discuss what 
would happen if each of the following seagrass inhabitants were affected.
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No Name of the plant/animal Diet

1 Bacteria and fungi  
(or bacterioplankton)

Detritus

2 Seagrass ------------- (producer)

3 Epiphytic algae ------------- (producer)

4 Detritus of seagrass and algae ------------- (producer) 

5 Phytoplankton ------------- (producer)

6 Zooplankton Bacteria and fungi, phytoplankton, other zooplankton

7 Small fish Seagrass, detritus, plankton

8 Rays Shellfish, some species eat only plankton (like the manta ray)

9 Remoras Attach themselves under turtles, where they easily feed on bits of food 
abandoned by the turtle

10 Turtles Seagrass, soft coral, sponges, crabs, shellfish

11 Sea snakes Eels, small fish

12 Dugongs Seagrass 

13 Bottlenose dolphins Large fish, squid, octopus, young turtles

14 Black-tip reef sharks Rays, crabs, crustaceans, octopi, squids and molluscs

15 Eels Sea horses, various fish, crustaceans and octopi

16 Nurse sharks Lobster, molluscs, stingrays and algae

17 Tiger sharks A very unusual visitor of seagrass beds, but quite interesting  
as a top predator for building food chains. Feeds on fish, squids, birds, 
turtles, dugongs and dolphins

18 Mullets Shell fish, worms

19 Snappers Fish, crustaceans (like crabs), dead fish

20 Groupers (hammour) Smaller fishes, octopi and squids

SEAGRASS FOOD WEB TABLE (SIMPLIFIED)
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No Name of the plant/animal Diet

21 Surgeonfishes Molluscs, algae

22 Sea horses Small shrimps, small fishes, plankton

23 Sea urchins Seagrass 

24 Starfishes Plankton, seagrass, algae, anemones

25 Brittle stars Plankton, detritus, small shrimps, small worms

26 Sea cucumbers Detritus, plankton

27 Anemones Small fish, sea horses, crustaceans

28 Shrimps Seagrass, plankton, algae

29 Lobsters Small fish, molluscs, other crustaceans, worms, seagrass

30 Crabs Seagrass, young turtles

31 Acorn worms, bristle worms Bacteria from detritus, zooplankton

32 Flat worms and  
nematode worms

Parasites of fish

33 Oysters, mussels Plankton, detritus

34 Clams Detritus, plankton

35 Sea snails Seagrass, detritus, small animals (depending on species)

36 Squids Fish, sea horses, shrimps, other squids

37 Octopi Fish, sea horses, crabs, sea snails, bivalves

38 Birds Fish, young turtles

39 Humans [top predator] Shrimps, lobsters, sea-urchins, crabs, clams, oysters, groupers, snappers, 
turtles, sharks, dugongs
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3.2.6 Water quality and environmental conditions

a. Record and compile information about water quality and climate. Perform on site measurements 
of physic-chemical parameters such as sea water temperature, percentage of oxygen, percentage of 
carbon dioxide, conductivity, pH, air temperature, light intensity and flooding intensity. Record other 
water characteristics such as colour, smell and turbidity. Each sample location will be given by a GPS 
waypoint. All sampling locations should then be pictured on a map.

b.  The following table provides the core Environmental Monitoring and Assessment Program (EMAP) 
coastal indicators that could be employed for a monitoring study:

WATER QUALITY

– Dissolved oxygen,

– Conductivity, salinity, temperature,

– Nutrients (N, Pions)

– Chlorophyll a

– Total Suspended Solids (TSS)

– Light attenuation (k)

– Surface irradiance (% SI)

SEDIMENT QUALITY

– Grain size

– Total organic carbon (TOC)

– Pore water NH4+

– Redox potential

– Depth to reducing layer

– Sulphide content

SEAGRASS LIGHT RESPONSE  

INDICATORS

– Biomass

– Ratio root:shoot

– Leaf area index; blade width

– Shoot density

– Chlorophyll fluorescence

– Species composition

– Maximum depth limit

PLANT NUTRIENT RESPONSE  

INDICATORS

– C:N:P blade ratios

– Epiphytic algal species composition  
and biomass

– Drift macroalgal abundance/composition

Source: EPA R-EMAP program
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c. Check with your laboratory about available equipment. On-site measures are always preferable 
to delayed lab measurements. Be aware of the cost factor induced by these measurements. The 
easiest way to acquire the basic environmental indicators is to use a Conductivity Temperature 
Depth (CTD) instrument. Nowadays, CTD instruments are the main way to measure water 
characteristics. From a boat, the CTD instrument is lowered through the water. Equipped with high 
precision sensors, the CTD can measure: salinity (derived from conductivity measures), temperature 
pressure and depth. Unfortunately, CTD’s are still not widely available in the UAE. Instead, you can 
collect a water sample from the bottom and measure conductivity and temperature with regular 
lab equipment. For depth, a weight attached to a 30 metres rope will do. Other parameters, like 
dissolved oxygen content and light attenuation, can be measured directly with appropriate sampling 
equipment. 

d. Sediment and water samples should be taken and brought to a certified laboratory with water and 
soil analyses or the Chemistry Department of your university (keep stored at 4 °C in a cool box) for 
parameters such as grain size, TOC, nutrients (nitrate, sulphates, phosphates) and sulphide.
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3.2.7 Visual assessment of the zonation of seagrasses

a. Each of the three seagrass species has its own range, but this does not imply that they grow within 
their entire range at all locations. Seagrass associations also need to be assessed. As the three 
species are easy to identify visually, zonation can be performed from the surface, with random 
sampling at target sites, or with close view underwater photography. In clear weather and quiet seas, 
high quality pictures from a glass-bottom boat could also work well.

b. The quickest way to perform a vegetation survey has been developed by plant sociologist Braun-
Blanquet (1972). Braun-Blanquet developed a cover-abundance scale that is used to assess the 
species abundance in a quadrat within a few minutes. Each species is given a score based on its 
cover in the quadrat. 

TABLE 1. THE BRAUN-BLANQUET COVER-ABUNDANCE SCALE 

TABLE 2. EXAMPLE OF TABLE FOR SURVEY OF THE UAE SEAGRASS BEDS

Braun-Blanquet abundance score

Quadrat ref # Halodule  

uninervis

Halophila  

ovalis

Halophila  

stipulacea

Other — 
algae

1

2

3

4

Score(s) Interpretation

0 Species absent from the quadrat

+ Species present, but less than 1% cover

1 1 – 5 % cover

2 6 – 25 % cover

4 26 – 50 % cover

4 51 – 75 % cover

5 76 – 100 % cover
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3.2.8 Intertidal and subtidal communities associated with seagrass beds.

Students will become familiar with common macrophytes, algae and animals associated with  
seagrass beds.

a. Record, collect and identify common species of algae and animals. Measure environmental condi-
tions and focus particularly on crabs, burrowing animals and epibionts. 

b. At the end of the field activity, take some samples from the following species for further observa-
tions in the lab:

1. Plankton using a plankton net

2. Free-swimming animals (with a net). Be very careful when sampling sea snakes. Only perform 
with long gloves, and if experienced with handling these animals! 

3. Epibionts (seagrass samples with attached animals and algae can be collected in plastic bags) 

4. Burrowing animals: in jars of adequate size, filled with seawater.

c. Back to the lab, collected animals and plankton can be emptied into petri dishes so they can be later 
identified and studied using hand lenses and microscopes. Observation protocols should be derived 
by the teacher according to the species found.

3.3 GROUP DISCUSSION ON IMPACTS AND THREATS TO SEAGRASSES

a. Compile a list of all threats, direct and indirect, to seagrass beds in the UAE.

b. For each threat, develop scenarios about the short and long term impact they could have  
on this ecosystem.

c. Develop ideas to mitigate the effects of some of the identified threats. 
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3.4 LONG TERM SEAGRASS MONITORING PROGRAM

This activity can be a long term research project for a class or even form part of a Masters or PhD project in 
the UAE. In order to monitor seagrass beds in the UAE, the establishment of a long term monitoring program 
is crucial. This is the only method to assess the health of seagrass meadows, to detect early changes that can 
impact and threaten these habitats and develop appropriate management plans.

a. A monitoring program is a tool for early detection of any environmental changes. It can help to:

1. Identify and prioritise prevention and remediation actions;

2. Expose environmental threats before they have irreparable consequences;

3. Develop benchmarks and records to make comparison of the situation and of the effect of 
remedial actions over time;

4. Develop laws and regulations aimed at protecting seagrass beds areas;

5. Optimise management practices;

6. Assist education and training about marine ecosystems as well as develop links between govern-
ment groups, universities and schools.

b. The objectives of such a study are to gain an understanding of the seagrass distribution and health 
levels in the UAE with a view to protecting these habitats and ensuring their long term sustain-
ability. The primary tasks include:

1. Identifying the best indicators of seagrass health including both biotic and abiotic factors.

2. Identifying the most relevant sampling areas. The spatial density should be sufficient to consider 
the entire ecosystem and various threats as well as to provide replicable results over time.

3.  Assessing the effects of known threats such as discharge of saline brine from desalination plants, 
dredging, boat anchors, propeller scarring and fishing nets as well as the recovery potential of 
seagrass beds.

4. Finding the optimal sampling and monitoring frequency, based on a cost/benefit basis, or based 
on the efficiency of detecting environmental changes. 

5. Proposing the best monitoring design for rigorous, long term statistical geospatial analysis.

c. The main steps that need to be undertaken include:

1. The creation of a detailed map of seagrass beds in the UAE;

2. Identifying target monitoring areas according to desired objectives (number of sites, extent of 
areas, locations); 

3. Setting monitoring frequencies and sampling parameters which should be frequent enough to 
spot seasonal variations and detect environmental impacts;

4. Undertaking the monitoring;

5. Computing and analysing the data;

6. Publishing a report which includes results and recommendations for management.
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4.1 WHAT ARE CORALS?

The term ‘coral reefs’ refers to particularly long-lived as well as highly evolved 
and diverse ecosystems that support a unique species richness and complexity 
of interactions among species. There is strong evidence that reefs have existed 
in one form or another for over 650 million years. Moreover, they are among the 
most biodiverse and economically important ecosystems on the planet providing 
services that are vital to humans.

Corals are tiny marine animals which exist as small polyps. Polyps are soft bodied 
animals that live inside a hard cup-shaped skeleton called a corallite. They are 
typically found in colonies composed of millions of identical individuals each 
secreting calcium carbonate to form a limestone skeleton. As coral colonies build 
on top of each other, they gradually form the framework of coral reefs. This reef 
structure provides the complex habitat that supports high biodiversity.

This chapter describes hermatypic, or reef-building, corals found in tropical  
waters and little information is provided on ahermatypic, or non reef-building, 
deep sea corals.

4 
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4.2 TAXONOMY

There are over 6,000 known coral and ‘coral like’ species around the world 
with new species still being discovered. Changes in coral taxonomy are 
continuous, especially with the advent of genetic studies which allow 
scientists to better comprehend the interrelatedness of various coral species. 
However, all corals belong to the phylum Cnidaria with species that carry 
nettle cells close to their mouths and on their tentacles. This phylum includes 
the Hydrozoa (solitary and colonial polyp organisms), Scyphozoa (true 
jellyfish) and Anthozoa (anemones and corals) classes. While most corals 
are anthozoans, some species also belong to the Hydrozoa class. The two 
hydrozoans corals include the Milleporidae (fire corals) and Stylasteridae 
(lace corals) families.

All other coral species belong to the Anthozoa class which is divided into 
two major subclasses, the Hexacorallia and Octocorallia. This division is 
dependent on the number of tentacles or lines of symmetry, a series of order 
corresponding to their exoskeleton and their nematocyst type. The subclass 
Hexacorallia includes all corals that tend to exhibit symmetry in multiples 
of six and are either solitary or colonial. There are six orders within this 
subclass including the Scleractinia (stony corals with calcareous skeletons), 
Antipatharia (black corals with organic skeletons), Actinaria (true anemones), 
Ceriantharia (tube anemones), Corallimorpharia (mushroom corals) and 
Zoanthidae (zoanthids). The Scleractinia (hard corals) possess hard limestone 
or carbonate skeletons, are extremely diverse and, alone, cover over 1,300 
species.

The classification of organisms into the subclass Octocorallia is still debated 
nowadays. This subclass includes all corals that have eight pinnate tentacles 
as well a network of gastrovascular canals allowing food and nutrient sharing 
throughout an entire colony. There are three orders within this subclass 
including the Helioporacea (blue coral), Pennatulacea (sea pens and sea 
pansies) and Alcyonacea (all the remaining gorgonians and soft coral species).
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MARINE ECOSYSTEMS IN UAE / CORALS

A CORAL REEF ASSEMBLAGE OFF QARUH ISLAND IN KUWAIT.
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4.3 PHYSIOLOGICAL AND BIOLOGICAL CHARACTERISTICS

While a variety of corals of different shapes and sizes exist, all corals are 
invertebrate animals that mostly live in colonies consisting of many intercon-
nected individuals called polyps. Corals contain photosynthetic symbiotic 
microscopic single-celled algae called zooxanthellae within their internal 
tissues that provide them with abundant energy. The large amounts of 
energy enable the extraction of calcium from seawater for rapid growth and 
skeletal development. Furthermore, the process of photosynthesis allows 
zooxanthellae to produce oxygen and sugars which corals can use. On the 
other hand, the coral animal produces carbon dioxide and waste products 
(nutrient-rich fertilizer) that the zooxanthellae utilise. This symbiosis is so 
successful that fast-growing species of branching corals can grow up to 20 
centimetre per year in the right environmental conditions.

Polyps are anatomically simple organisms that range in size from one to 
three millimetres in diameter (Figure 4.1). The stomach takes up a large 
portion of the body and is filled with digestive filaments. There is only one 
slit-like opening on one end for the mouth where ingestion of food and 
expulsion of waste material take place. The pharynx, a small tube, leads to the 
inner body cavity which is divided radially by mesentries extending inwards 
from the surface of the wall. A ring of tentacles is found around the mouth 
and used to detect and seize food particles such as plankton. Most food is 
captured with the help of stinging cells called nematocysts which are inside 
the polyps’ epidermis. Calcium carbonate is secreted by reef building polyps 
and forms a protective cup called a calyx within which the polyp sits. The 
base of the calyx upon which the polyp sits is called the basal plate. The wall 
surrounding the calyx is called the theca. Individual polyps are connected by 
a coenosarc, a thin band of living tissue, through which they are able to share 
digested materials and photosynthetic by-products from the zooxanthellae. 

GONIOPORA LOBATA COLONY WITH EXTENDED POLYPS AND PARTLY 
RETRACTED POLYPS SHOWING THE GROUPS OF COLUMNS.
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Mouth

Tentacles with nematocysts

Zooxanthellae 

 

Nematocyst

Living tissue linking polyps

Gastrovascular cavity (digestive sac)

Skeleton

Limestone calice

Figure 4.1 // Polyp anatomy

There are generally two types of corals: hard corals and soft corals (Figure 

4.2). Scleractinian corals are generally referred to as reef-building, stony or 
hard corals. These corals have an aragonite skeleton where each polyp is 
housed within its own calcium carbonate cup, the corallite. These hermatypic 
corals contribute substantial amounts of limestone to reef structures by 
producing a skeleton made of calcium carbonate and are responsible for 
laying the foundations of coral reef structures.
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Hard corals form colonies of polyps relying on zooxanthellae for nutrition 
and energy to build their skeleton. The polyps live in little indentations in 
the limestone skeleton called corallites which are fairly regularly spaced over 
the colony surface. Hard coral polyps have smooth tentacles arranged in six 
or multiples of six. The secretion of a calcareous exoskeleton provides the 
colony with a base over which the polyps settle. The coral grows by extending 
its existing carbonate skeleton and depositing a new exoskeleton on top of 
it with corals growing upward and outward. These skeletons and the various 
shapes of different colonies form the familiar structure of the reef. Indeed, 
the shapes of hard coral colonies are highly diverse as it depends on the 
character and size of the polyp, its growth rate and its mode of reproduction. 
Generally, hard corals are classified as massive (growing in a similar way 
in all directions), columnar (forming columns), encrusting (adhering to the 
substrate), branching (tree or finger like shape) and laminar (plate-like).

Alcyonarian corals are called soft corals. They are either solitary or small 
colonies that are both prominent members of the shallow coral reef 
community or can be found in deeper waters as most don’t have zoox-
anthellae in their polyps. Soft corals look like colourful plants and are not 
reef-building since their skeleton is made from soft tissue. They lack a hard, 
large, external carbonate skeleton but maintain body shape using free or 
fused small needle-like spicules of calcium carbonate, or sclerites, embedded 
in the colony tissues. Soft corals can be distinguished from hard corals by the 
fact that their polyps always have eight tentacles with fringes or branches 
called pinnae giving them a hairy or leathery appearance. Their frilly and 
undulating soft tissue allows them to take on a wide variety of shapes with 
polyps that can be extended or contracted. Their polyps live in tiny pits in the 
upper surface while the stem, where no polyps are found, attaches the colony 
to the substrate. 

For most coral species, colony shape is not genetically constrained and 
there is morphological plasticity of species which is affected by various 
environmental conditions such as location, depth and environmental niche. 
Many species of both soft and hard corals can only be clearly identified by 
microscopic examination. The skeletal septa are the key to scleractinian 
evolution and classification and the morphology of the skeleton is mostly 
used to identify these species. On the other hand, taxonomists examine 

ACTIVITY //  
RESEARCH THE VARIOUS 
IDENTIFICATION 
FEATURES OF A CORAL 
SKELETON AND PROVIDE 
DEFINITIONS FOR THE 
FOLLOWING TERMS — 
CORALLITE WALL, SEPTA, 
COSTAE, PALIFORM 
LOBES, ACOLUMELLA  
AND COENOSTEUM.
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the spicules of soft corals to clearly identify the various species as field 
identification of soft coral species is usually limited to genus. Because there 
are significant difficulties involved in the identification of coral species, many 
new techniques are now examining genetic signatures.

Figure 4.2 // Anatomy of hard and soft corals.

Tentacles

Basal plate

Tissue linking  
polyps

Stomach cavity

Mesentery

Septum
Polyp

Polyp

Pharynx

Mesenteries

Mouth

Sclerities in jelly-like  
coenenchyme

Calcareous  
skeleton  

of colony

Mouth

Eight fringed tentacles

Mesental  
filaments
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4.4  CORAL REPRODUCTION

Patterns of reproduction have long been described for corals around the 
world and it is widely accepted that corals utilise both sexual and asexual 
means of reproduction. Sexual reproduction is the most common and 
arguably the most important mode of reproduction. The various means of 
sexual reproduction have been reported as taxon-specific but trade-offs may 
exist between sexual and asexual reproductive strategies within species. In 
fact, some polyps may experience both sexual and asexual modes of repro-
duction within their lifetime.

Sexual reproduction

Some corals are hermaphroditic which means they contain both male and 
female reproductive cells. Others are gonochoric which means they are 
either male or female. The reproductive cells are borne on membranes called 
mesenteries that radiate inward from the layer of tissue lining the stomach 
cavity. Both sexes can occur in a colony, or a colony may consist of indi-
viduals of the same sex. In both cases, these corals can reproduce sexually 
by internal or external fertilisation. In sexual reproduction, the coral polyps 
release both eggs and sperm into the water. Therefore, corals begin life in 
tropical waters as free-floating larvae. After a relatively short period of time, 
the larva eventually attaches itself to a hard surface and becomes a polyp. 
However, little is known about the dispersal capabilities of reproductive 
propagules in corals. Some planulae are ciliated and capable of swimming 
while some are non-ciliated and slightly negatively buoyant but can be 
carried passively on the reef flat.

Internal fertilisation involves the brooding of planulae within the gastrovas-
cular cavity of the parent polyp for days to weeks before free swimming larvae 
are released into the water. External fertilisation involves broadcast spawning 
which implies the release of eggs and sperm into the water column as well as 
the subsequent planktonic development of larvae while adrift. This can occur 
in many corals where polyps release eggs and sperm into the water simultane-
ously. Once the sperm fertilise the egg, a new individual is formed called a 
planula. Floating up toward the light, the planula drifts with plankton up to 
several weeks. The surviving planula finally settles on a substrate and develops 
into polyps that eventually compose a reef.
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Synchronous spawning occurs when various species of corals release their 
eggs simultaneously. Mass coral spawning was first discovered in Australia 
on the Great Barrier Reef where more than 40 species of scleractinian corals 
were observed spawning simultaneously on the same reef during the same 
night. Polyps release their eggs annually in the spring (from October to 
December in the Southern Hemisphere) with spawning correlated with the 
cycles of the moon and occurring several nights after the full moon. While 
several reefs around the world experience spawning at specific times, this 
mass spawning event is not comparable to other parts of the world due 
to the magnitude and geographical scale of the event. Indeed, this type 
of spawning depends on several factors including the time of year, water 
temperature as well as tidal and lunar cycles. In other parts of the world, 
where populations of two or more species release their gametes on the same 
night, where synchrony between species is less pronounced and occurs in 
different seasons or moon phases, these events have been termed ‘synchro-
nous multi-specific spawning’. Research is currently underway to gain a 
better understanding of the reproductive conditions and spawning patterns 
of the various coral species found in the UAE.

Asexual reproduction

Asexual reproduction is a process by which coral colonies reproduce without 
the means of genetic recombination. Indeed, new colonies are developed 
through the cloning of extant colonies rather than the formation of new 
colonies. Several forms of asexual reproduction exist and are described below.

Budding

Budding is a relatively common type of clonal growth in many species of 
corals. In some cases, polyps produced by sexual reproduction can initiate 
growth of a colony by budding. Budding occurs when a portion of tissue from 
the parent polyp is released to form a new individual. Corallites multiply 
with the budding process where a polyp will divide into two or more polyps 
as fission (intra-tentacular) or where new polyps form on the margins of 
the original polyp (extra-tentacular). This strategy enables the polyp to 
replicate itself several times into genetically identical polyps and at the same 
time maintain tissue connections within the colony. Colonies then grow by 
progressively building more and more skeletal mass.
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Fragmentation

This type of reproduction is most common for branching corals (Acropora 

spp.) and occurs when new coral colonies grow from broken fragments. This 
reproductive mechanism is important for the survival of corals allowing them 
to grow back from broken pieces of parent colonies if damage is sustained as 
a result of wave action, storm surges or hurricanes. Under the right condi-
tions, these fragments can settle nearby or disperse up to 50 metres from 
the point of breakage to begin forming new coral colonies. Generally, the 
fragments have up to 75% survival rates while the parent colony can heal 
completely.

Polyp bail-out

Polyp bail-out is common in Pocilloporidae and is a behaviour in which adult 
polyps within a sessile colony detach themselves from their corallites. Ejected 
polyps retain two small adhesive filaments at their base to facilitate resettle-
ment. This reproduction pattern can be induced at any time and is reportedly 
an escape from physical disturbance, environmental stress or predation. It is 
characterised by the coral polyp, including brooded planula larvae, separating 
from the calyx and drifting a short distance away to re-initiate new skeleton 
formation and colony growth. The parent colony usually does not heal or 
re-grow. Survival of these detached polyps is reportedly less than 5%.

Polyp expulsion

This approach has been described for several Favia spp. where the colony 
produces distinct polyps, with their calices, on slightly raised stems. The new 
individual polyps are then pushed out or detach and lift out of the colony 
skeleton when they are fully developed. Unlike the surrounding polyps, 
the expelled polyp is devoid of gonadal tissue at the time of expulsion, 
suggesting that it is exclusively created by the colony for local recruitment. 
Similarly to polyp bail-out, this strategy can be due to stressful conditions. 
However, in this case, the parent colony remains perfectly healthy and heals 
completely within a couple of weeks.
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Brooded planula larvae

It is best known in Pocillopora damicornis but also been described for 
several Tubastrea spp. of corals. Planula larvae is developed within the polyp 
and once fully developed is released to settle on a suitable substrate. This 
mechanism was originally believed to be a method of sexual reproduction. 
However, genetic research has shown that in some species, brooded larvae 
are all identical and not the result of fertilisation. Some studies also suggest 
that in Pocillopora, unfertilised eggs undergo parthenogenesis to become 
competent planula larvae.

Anthocauli

This is a common mode of reproduction for fungiid corals. Mushroom corals 
which have localised damage from environmental stress, predation or partial 
burial under sediment, produce new buds at a site where tissue fragments 
remain. The bud is termed an anthocaulus and is a smaller version of the 
adult coral attached to the parent skeleton by a thin calcified stalk. Some 
scientists have suggested that if the tissue fragments include any part of 
the original mouth, the coral attempts to regenerate around it. If the tissue 
fragment is not linked to any part of the original mouth, it can revert back 
into a planula-like ‘polyp ball’ which in turn develops into one or more 
anthocauli.

Polyp ball

This type of asexual reproduction is most prevalent among stony corals.  
An external bud develops on the surface, generally along the margins of 
colonies. A small amount of calcium skeleton is calcified in the centre of the 
polyp which eventually separates from the parent due to gravity. Researchers 
have reported the discovery of as many as forty miniature coral polyp 
colonies, with varying numbers of adult-size polyps on each, attached to 
the parent colony by connective tissue alone. These new corals are normally 
spherical, with large polyps extending out several centimetres.
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THE ZEBRA SHARK, STEGASTOMA FASCIATUM, IS ONE OF THE 30 SPECIES OF 
SHARKS FOUND IN THE GULF AND OFTEN FREQUENTS CORAL REEF AREAS.
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FOR A LONG TIME, IT WAS BELIEVED THAT OCTOCORALLIA WERE ABSENT FROM THE GULF. HOWEVER, 
THEY ARE SLOWLY BEING DISCOVERED AND OVER 35 SPECIES HAVE ALREADY BEEN IDENTIFIED.
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4.5 TYPES OF REEFS

Coral reefs develop when free-swimming larvae attach to the submerged 
edges of islands and continents. In fact, hard corals form the major ground-
work for coral reefs. As corals grow and expand, reefs develop and form into 
various structures.

The most recognised approach for classifying reefs is through geomorpho-
logical categories. The shape and location of reefs is mostly controlled by the 
bottom topography upon which they are formed, the interaction among the 
resident biota, and the physical processes including depth, light, wave, current 
strength, temperature and suspended sediments. Charles Darwin distin-
guished between three main types of natural reefs; the barrier reefs, fringing 
reefs and atolls, which are still part of most classifications currently used.

Fringing reefs are relatively young reefs that form in shallow water areas 
adjacent to the coast with little or no separation from the shore of tropical 
islands or continents. A low input of terrigenous sediment is crucial and the 
best developed fringing reefs occur off coastlines where rainfall is low, there 
is low relief, or where the hillside is stabilised with dense vegetation. They are 
generally narrow platforms and don’t contain a substantial lagoon.

Barrier reefs grow parallel to the shoreline and are usually separated from 
the shoreline by a moderately deep lagoon of open and often deep water. 
The reef may form at the shelf edge or it may be located more inshore, 
usually localised on an antecedent break in slope. The Great Barrier Reef in 
Australia is the largest and most famous barrier reef stretching over 2,300 
kilometres and forming a barrier between the lagoon and the sea protecting 
the coastline.

Atolls are roughly circular reefs with a central lagoon that contains no signifi-
cant land mass. The central lagoon is often shallow, sandy and sheltered. 
If land does exist, it sits atop a part of the encircling reef and is comprised 
solely of carbonate material such as sand and coral rubble derived from the 
reef. Access from the lagoon to the open sea is through a number of channels 
which provide fresh and cooler water for the lagoons. In the Pacific, the term 
implies an origin from fringing reefs around a volcanic island. However, in the 
Caribbean and Atlantic, atoll reefs tend to form around the isolated highs 
formed by local tectonics.
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Other types of reefs also exist such as patch reefs, which are smaller features, 
generally characterised by numerous small reefs, 10-20 metres across rising 
out of 10-15 metres of water and usually occurring within the lagoon behind 
the barrier or atoll rim. These can also be found as pinnacles on the open 
shelf. On the other hand, platform reefs can be found far offshore in sheltered 
seas. They are flat at the top and occur around small and very shallow 
lagoons. Furthermore, several types of shelf reefs exist usually occurring along 
either the insular or continental shelves. These are separated based on their 
shape, size, linearity, alignment with the shore and wave action they receive.
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4.6 CORAL DISTRIBUTION

A variety of coral species are found in all oceans of the world, from the 
tropics to the polar regions. However, coral reefs cover less than 1% of the 
sea floor. Indeed, tropical reef-building corals and coral reefs are generally 
limited in their distribution to areas ranging in latitudes between 30° N and 
S and are scattered throughout the tropical and subtropical waters of the 
western Atlantic and Indo-Pacific oceans. They only occur outside this range 
in areas where warm water currents exist.

The Coral Triangle, found in Asia, comprises the highest biodiversity of corals 
in the world with 76% of the world’s hard coral species. This triangle encom-
passes a large portion of the tropical waters of Indonesia, Malaysia, Papua 
New Guinea, Philippines, Solomon islands, Timor-Leste and contains up to 
15 species of endemic corals. Coral diversity in the Gulf is much lower with 
only about 50 to 60 species. This is mainly due to the extreme sea surface 
temperatures and salinities that are close to the physiological tolerance limits 
of most coral species.

The influence of the Shatt al Arab estuarine conditions prevents the 
formation of corals in the northern Gulf. However, the most northerly reefs 
are situated around the islands of Kuwait where approximately 26 coral 
species can be found. Corals also occur in isolate colonies on rocky outcrops 
on the southern mainland of Kuwait with coral growth limited to a shallow 
depth of 15 metres. This coral growth is characterised by patchy and fringing 
reefs inshore as well as several offshore platform reefs and coral cays.

While similar in structure to Kuwaiti reefs, the most developed reefs in the 
Gulf are Saudi Arabian coral cay islands where approximately 50 species of 
corals occur. The islands of Jana and Karan have very high coral covers that 
can be found from the upper reef slopes at two metres as well as at a depth 
of 18 metres, therefore representing the deepest coral community in the Gulf.
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FIGURE 4.3 //CORAL AREAS IN THE UAE

The water in the Gulf of Salwah between Qatar and Saudi Arabia is too saline 
for most corals to form and coral is therefore replaced by macro-algae on the 
limestone substrate. Furthermore, although coral reefs in Bahrain and west of 
Qatar are representative of other reefs along the Gulf coastline, there are few 
corals and these can only be found in isolated or scattered colonies. This is 
mainly due to a lack of suitable substrate for coral settlement as well as high 
sedimentation rates in the area.

DATA ADAPTED FROM:  MARINE ATLAS OF ABU DHABI; UNITED NATIONS ENVIRONMENT PRO-
GRAMME (UNEP); WWF. CORAL REEF INVESTIGATIONS IN THE SOUTHEASTERN ARABIAN GULF.
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ACTIVITY //   
DEVELOP AN IDENTIFICATION KEY OF ALL CORAL SPECIES FOUND IN 
THE GULF. PROVIDE PICTURES OF AT LEAST ONE SPECIES FROM EACH 
FAMILY.

The low-lying nature of the southern Gulf coast and the characteristic 
muddy sabkha areas make it an unsuitable location for most coral growth. 
However, it has been suggested that the total coral reef surface area in the 
UAE reaches 1,190 km2. Corals in the UAE are mostly fringing reefs that 
have formed on the hard base of old limestone on islands or banks. These 
fringing reefs have a patchy distribution with some reefs occurring around 
the numerous low islands closer to the eastern and northern coast of Qatar. 
These reefs also tend to have a low diversity of less than 20 species but 
higher live coral cover than patch reefs with most communities dominated 
by mono-specific stands. After the Saudi Arabian reefs, the Jebel Ali reefs in 
Dubai are believed to have the highest cover and diversity of corals in the 
Gulf with approximately 34 species recorded in the patch reefs close to 
shore.

Finally, while the nearby waters off the Iranian coast are about 100 metres 
in depth, patchy corals do exist in shallow and protected areas along the 
shoreline as well as fringing reefs along much of the Gulf coast islands. The 
reefs of Queshm island in the Strait of Hormuz as well as those around Khark 
and Kharku islands in the far north of the Gulf are reported to have high coral 
cover but have lower species richness.
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THE GULF BLENNY, ECSENIUS PULCHER, IS OFTEN FOUND ON ROCKS OR CORALS 
HIDING IN SMALL HOLES WITH ONLY ITS HEAD PEAKING OUT.
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4.7 DETERMINANTS OF CORAL DISTRIBUTION

Coral reef ecosystems are restricted in their geographic distribution to tropical 
and semi-tropical waters because they need a narrow and consistent range of 
environmental conditions to produce the large quantities of limestone required 
to form reefs. However, dense coral growths can sometimes occur in the deep 
sea.  These ahermatypic corals lack photosynthetic symbiots, grow relatively 
slowly and do not form major reef structures. The following section will focus 
on the requirements of hermatypic corals which are the reef-building corals.

Coral communities in the Gulf are exposed to a harsh environment with 
extremes in sea temperatures and salinities that are close to the physiological 
tolerance limits of many species. Indeed, these corals have been persisting in 
one of the most stressful environment for reef-building corals and therefore 
coral diversity in the Gulf is relatively low compared with most areas of the 
Indian Ocean. Furthermore, these coral communities have been linked to 
frequent natural and anthropogenic disturbances which have impacted their 
development and growth. Generally, the main determinants for coral distribu-
tion around the world include the following characteristics.

Light

Reef-building corals are generally found in the euphotic zone at depths of less 
than 70 metres where light penetration is still possible. The number of corals 
usually decline rapidly with depth. Indeed, because corals live in symbiosis with 
zooxanthellae, they rely on light for photosynthesis. In the Gulf, corals only 
survive in waters up to 18 to 20 metres in depth. This is mainly due to the high 
turbidity associated with high wind (‘shamal’) events in shallow muddy areas 
and low sun angles in the winter.

Water quality

Coral reefs experience faster growth in clear water as low turbidity allows 
enough light to reach the zooxanthellae and therefore photosynthesise. A 
variety of living organisms inhabiting coral reefs are efficient at taking up 
nutrients from dead organisms and dissolved nutrients, leaving the water 
nutrient-poor and clear. This nutrient recycling is crucial for controlling algal 
growth on corals which is promoted by high levels of nitrates and phosphates.

ACTIVITY //  WHAT ARE 
THE ENVIRONMENTAL 
SETTINGS FOR OPTIMAL 
CORAL REEF GROWTH? 
AFTER LISTING THE KEY 
FACTORS FOR GROWTH 
IN THE UAE, COMPARE 
THE CONDITIONS 
AVAILABLE IN THE GULF 
WITH THOSE IN TWO 
OTHER REGIONS OF  
THE WORLD.
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Temperature 

The formation of highly consolidated reefs generally occurs within an optimum 
water temperature range of 23 °C and 29 °C. However, hermatypic corals can 
tolerate fluctuations in these temperatures for limited periods of time. If the 
temperature gets too low or too high, corals get stressed causing bleaching 
or mortality. In fact, water temperature in the Gulf fluctuates for long periods 
between an average of 18 °C in the winter and over 30 °C degrees in the 
summer. Coral mortality and bleaching in this region has been reportedly due 
to either the lowering of temperatures to below 13 °C for several days or weeks 
as well as elevated temperatures reaching over 35 °C. Both these extremes in 
temperatures are key determinants of reef growth and structure in the area.

Salinity 

Hermatypic corals can tolerate salinity levels between 27 and 40 parts per 
thousand. A stable salinity at 35 parts per thousand without large freshwater 
inputs or areas of high salinity ensures coral survival. In the Gulf, extreme 
salinity is found in the semi-enclosed embayments and lagoons of the UAE, 
Bahrain and Qatar. This further exacerbates the harsh conditions corals need to 
adapt to as well as limits their distribution.

Water flow 

Reef development is usually more abundant in areas that are subject to 
moderate wave action. Indeed, waves, current action as well as tides, bring in 
oxygenated water, distribute coral larvae, prevent sedimentation on reefs and 
renew planktonic food supply. The role of water flow in the Gulf is important 
especially since high levels of suspended sediments found in these waters 
can smother coral colonies as well as decrease the level of light needed for 
photosynthesis.

Substrate 

Most corals grow on a hard substrate and its morphology is a crucial factor for 
coral larvae settlement. It is also a potential determinant of coral community 
structure. Substrates such as live coral, soft sediment or even macro-algae are 
unsuitable for coral recruit settlement. 
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4.8 CORAL SPECIES IN THE UAE

Thirty four species of scleractinian corals have been recorded in UAE waters 
of the Gulf. The environmental conditions of this body of water are selective 
for corals that are able to withstand and that have adapted to extremes 
in temperatures ranges (and recent anomalies) as well as salinities. Other 
natural constraints to coral reef development in Gulf waters include high 
levels of suspended sediments, extensive areas of unconsolidated carbonate 
sediments and the scouring of mobile sediments on the limestone substrates. 
Therefore, coral communities in the Gulf which are represented by tolerant 
taxa such as faviids and siderastreids differ from those in the Indian Ocean 
which are more diverse. Within the Gulf, species specific tolerances to these 
environmental fluctuations are believed to be a decisive factor in community 
differentiation across the Gulf as well as along the coast of the UAE.

In the UAE, areas of corals are usually found where substratum is available 
for coral settlement such as limestone or cap-rock. Unlike the Gulf coast of 
Iran, the coral fauna is limited to scleractinian with no soft corals or hydrozoa 
having been previously recorded. The community structure at various sites 
is generally related to exposure, water clarity, temperature, depth and 
substratum including the thickness and grain size of the sand and mud found 
on the limestone. Coral communities seem to range in composition from 
large mono-specific strands of mostly branching Acropora spp. and boulder 
coral Porites spp. to more diverse coral assemblages composed of massive 
poritids and faviids.

ACTIVITY //   
DEVELOP A LIST OF CORALS SPECIES FOUND IN THE GULF. WHERE ELSE 
IN THE WORLD CAN THESE SPECIES BE FOUND? 
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THE BIG-EYE SNAPPER, LUTJANUS LUTJANUS, IS USUALLY FOUND IN DENSE 
SCHOOLS AROUND CORALS ON SIR BU NAIR ISLAND IN THE UAE. 

In recent years, scientists investigating corals in the UAE have described five 
typical coral assemblages that can be found along the coastline including: 

– Areas of large widely spaced Porites lutea growth where other species of 
Porites can also be found interspersed.

– Communities dominated by mainly tabular colonies of Acropora clathrata 
and Acropora downingi rising above some species of massive corals such 
Porites spp., Cyphastrea spp. and Platygyra spp.

– Groups of widely spaced or densely packed faviids such as Platygyra 

lamellina, Platygyra daedalea, Cyphastrea serailia, and Favia spp. 

– Colonies of Siderastrea savignyana sparsely distributed.

– Colonies of densely spaced columnar Porites harrisoni mixed with massive 
colonies of mainly faviids, Favia sp., and Platygyra sp.
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4.9 ROLE AND USES OF CORALS

Corals reefs have long been recognised as unique ecosystems representing 
areas both rich in biodiversity and high productivity. Corals have been the 
underlying reason for the structure of coral reef ecosystems for over 200 
million years and have built the structure of entire reefs and islands. They 
play a critical role for humans as well as marine floral and faunal communi-
ties. Coral reefs are closely interlinked with other marine ecosystems such as 
mangrove forests and seagrass meadows as well as the open seas with water 
currents transporting larvae, plants, animals, nutrients and organic materials. 
They are therefore known for their high productivity due to their efficiency 
in trapping nutrients, zooplankton and possibly phytoplankton from the 
surrounding waters. Indeed, this network of intricate ecological relationships 
is essential for the maintenance of biodiversity.

The complex structure of reef-building corals provides habitat and food 
resources that support other reef organisms such as fish, crustaceans and 
many other animals. In fact, these habitats serve as feeding and nursery 
grounds for over 20% of the world’s fisheries. In the Gulf, coral cays also 
support significant populations of nesting marine turtles, terns and cormo-
rants.

These highly developed reef structures act as natural breakwaters and protect 
coastlines from wave action, storm surges and erosion for a sixth of the 
world’s coastline. Indeed, they reduce the strength of currents as well as 
protect fragile ecosystems such as mangroves and seagrass beds.

Coral reefs have high economic value as they support fisheries and reef 
based tourism. Around the world, over 500 million people depend on coral 
reefs for food, storm protection, employment and recreation. Indeed, their 
resources and services are estimated to be worth 375 billion dollars each 
year. Fishermen in both developed and developing countries depend on reefs 
for commercial and subsistence fisheries. In south-east Asia, coral reef fishes 

A COLONY OF PLATYGYRA LAMELLINA.
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provide up to 25% of the protein for coastal dwelling people. Furthermore, 
coral reefs are a source of islands and white sandy beaches. Therefore, many 
tropical destinations rely on their coral sand beaches to attract tourists and 
provide recreation for over 20 million divers each year. Diving has become so 
popular that artificial reefs have been created in many areas to promote the 
diving industry.

Corals are increasingly being recognised for their medicinal properties and 
as resources for future pharmaceutical breakthroughs. Indeed, coral extracts 
from Eleutherobia sp. have been proven to prevent cancerous cells from 
dividing and multiplying. Extracts from the soft coral Sarcophyton glaucum 

have been recognised to possess anti-tumour promoting characteristics. 
Furthermore, the exoskeletons of corals can be processed to produce a bone 
graft which can facilitate the regrowth of bone after severe fractures. Other 
research has shown that calcium extracted from the exoskeleton can cure 
diabetes, arthritis, heart disease, eczema, high cholesterol and many other 
types of diseases.

Another use of the reef is as a reserve of tropical fishes and various animals 
for aquariums. The aquarium trade largely depends on coral reefs for both 
their structures and the tropical fish associated with them. In Asia, over 30 
species of sea horses are captured and processed by people who believe they 
are a good medicine and an aphrodisiac. Many species of corals, including 
black and red corals, are also collected for their internal skeleton which can 
be polished into jewellery. Finally, in some parts of the world, including the 
UAE, boulders made of corals have been extensively used as building material 
for traditional houses.
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4.10 CORAL REEF COMMUNITIES

Coral reefs are complex ecosystems that are often termed the ‘rainforests 
of the sea’ due to the diversity of species they contain. They provide a wide 
and varied habitat that supports some of the most diverse assemblages of 
living organisms found anywhere on Earth. Indeed, many marine species live 
in symbiotic relationships with corals. Organisms such as plankton, algae, 
crustaceans, worms, molluscs and a variety of fish live around coral reefs. 
Furthermore, the sand and coral rubble in these ecosystems provide habitats 
for many other species including thousands of microscopic species.

Fishes constitute the dominant component of the reef fauna with some 
major functional groups that exert top-down control on reef dynamics. 
Piscivores and carnivores, such as sharks, groupers (Serranidae) and jacks 
(Carangidae), are top predators and exert top-down control on lower trophic 
levels of fish. Herbivores, such as the parrotfish (Scaridae) and surgeonfish 
(Acanthuridae), exert primary control on coral-algal dynamics and are impli-
cated in determining phase shifts from coral to algal dominance. Scavengers 
or generalists, such as snappers (Lutjanidae), emperors (Lethrinidae) and 
sweetlips (Haemulidae) are second-level predators with highly mixed diets 
including small fish, invertebrates and dead animals. Other groups include 
the obligate and facultative coral feeders, such as the butterflyfish (Chaeto-
dontidae) and some filefish (Monacanthidae); the sessile invertebrate feeders, 
such as the angelfish (Pomacanthidae); planktivores, such as some triggerfish 
(Balistidae) and fusiliers (Caesionidae); and detritivores, such as goatfish 
(Mullidae). The abundance and diversity of all these groups provide good 
indicators of overall reef health and resilience.

The reef framework of corals in the UAE also provides a habitat for many 
fish species and invertebrates. Some famous inhabitants and visitors of 
coral reefs in the Gulf include the orange-spotted grouper or ‘hammour’, 
Epinephelus coioides, the golden trevally, Gnathodon speciosus, the hermit 
crab, Dardanus tinctor, the sea urchin, Echinometra mathaei and Diadema 

setosum, sea anemones such as Entacmea quadricolor with the Amphiprion 

clarkii clownfish, the sponge Dysidea cf chlorea which is evident on most reefs 
as well as polychaete worms belonging to the genera Hydroides, Serpula and 
Spirobranchus which are often found attached to corals.

ACTIVITY //  
DEVELOP A LIST OF 
ANIMAL SPECIES THAT 
LIVE IN OR AROUND 
CORAL REEF AREAS 
THAT ARE POTEN-
TIALLY DANGEROUS 
TO HUMANS (I.E. 
STONEFISH). HOW DO 
THESE SPECIES DEFEND 
THEMSELVES FROM 
PREDATORS? WHAT 
THREATS DO THEY POSE 
TO HUMANS AND WHAT 
ARE THE EMERGENCY 
FIRST AID PROCEDURES 
TO FOLLOW IF HUMANS 
COME INTO CONTACT 
WITH THESE ANIMALS. 
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THE DECORATED GOBY, ISTIGOBIUS DECORATUS, IS REEF ASSOCIATED AND IS USUALLY 
FOUND IN PATCHY SANDY AREAS. IT IS COMMONLY TAKEN FOR THE AQUARIUM TRADE. 
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OVERTURNED CORALS CAN BE A CLUE TO NATURAL DISTURBANCES 
THAT MAY HAVE RECENTLY AFFECTED AN AREA SUCH AS A STORM.
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4.11 THREATS TO CORALS

In the past 100 years, tremendous declines have been seen in coral reefs 
around the world. The underlying causes of reef decline are diverse and 
include a combination of physical, chemical and biological stresses caused by 
both natural and anthropogenic factors. This decay in coral health is alarming 
and is predicted to worsen in the coming decades if appropriate measures 
for the protection of reefs are not immediately taken. Indeed, natural threats 
to coral reefs compounded by the persistent human-induced stressors are 
likely to have devastating effects on these ecosystems. While not all threats 
to coral reefs are discussed, the most common impacts around the world and 
the Gulf are presented below.

Natural disturbances 

Coral reefs are naturally subject to stochastic and acute environmental 
disturbances such as storms and cyclones. While these natural disturbances 
can have high impacts on coral reefs, they also play a crucial role in shaping 
the ecosystem structure that exists today. Indeed, hurricanes, typhoons and 
El Niño Southern Oscillation events are natural disasters coral reefs have 
been facing for millions of years. The imbalances these events create are 
temporary and can actually help the tropical ecosystem to maintain diversity. 
Reefs that are damaged by these physical disturbances usually need about a 
10 to 15 years recovery period. As the rubble consolidates new coral recruits 
settle and grow. This in turn attracts new organisms. Global climate change 
predictions emphasise a greater variation in weather conditions including 
an increase in storm intensities and frequencies which will cause massive 
damage to reefs and place them in a permanent state of recovery.
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PORITES COLONY DAMAGED BY AN ANCHOR. THE WHITE CALCIUM CARBONATE 
SKELETON IS EXPOSED AND SHOWS THE DAMAGED AREA OF THE COLONY.
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Fishing activities

Overfishing and destructive fishing practices pose a serious threat to the 
survival of coral reefs and their associated fish assemblages. Overfishing 
can potentially alter the structure of the whole reef ecosystem to the point 
where target species can no longer recover. It involves a progressive process 
that leads to imbalances by firstly exploiting larger, predatory fish off the reef 
causing population explosions of smaller herbivorous fish. When larger fish 
become scarce, the herbivorous fish are then targeted by fishermen. Without 
the herbivores, seaweeds can over-grow the corals and smother them.

Fisheries activities, including a variety of methods such as the use of bottom 
trawls, fish traps and gill nets are also commonly observed causes of anthro-
pogenic physical impacts on reefs. While bottom trawling is currently banned 
in the UAE, other countries in the Gulf trawl for shrimps which has a direct 
impact on corals and the seabed. Indeed, fishermen use trawls to fish close 
to reefs and damage corals. Damage to coral colonies can also be sustained 
from the effect of discarded fish traps or other gear such as lost nets which 
strike and drag across the substrate as well as have the potential to ghost fish 
while remaining on reefs for years and causing chronic and severe degrada-
tion. Damage from tissue loss can also lead to the mortality of entire reefs.

Furthermore, many current fishing practices are destructive and unsustain-
able. The use of cyanide to stun fish for capture for the marine aquarium 
and live fish trades as well as dynamite fishing to kill fish for food are 
widespread in south-eastern Asia. While some fish are able to metabolise 
cyanide, most organisms including coral polyps are poisoned by the chemical 
cloud produced during the process. In addition, dynamite fishing destroys 
coral formations surrounding the blasted area. These fishing methods affect 
biodiversity as they are not species-specific and a variety of organisms are 
killed in the process while habitats that took thousands of years to build are 
destroyed.
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Coastal development and pollution

Some of the major human pressures on corals around the world include industrial 
development, land reclamation, dredging, shipping and pollution. There is an 
increasing rate of development along coastal areas with ports, airports, industrial 
and residential estates as well as tourism facilities on the rise. Countries of the 
Gulf are also showing a growing trend to develop coastal areas. Currently, over 
40% of the Saudi Arabian coastline is artificial while Bahrain has had over 30 km2 
of shallow coastal waters and habitats dredged in the past few decades. Indeed, 
throughout the region, construction of ports, islands, breakwaters, groynes 
and other reclamation projects are abundant and have led to an increase in 
the concentration of suspended sediments in many areas. Sediment flow and 
land-sea equilibriums have been disrupted resulting in severe erosion along 
vast stretches of coastline. These construction activities cause direct habitat 
loss and increase sedimentation which may directly smother habitats and limit 
the photosynthesis of coral reefs and other marine communities. A number of 
currently proposed developments in the UAE are a threat to coral communities 
as they will result in a substantial loss of habitat and may even inhibit the natural 
recovery and resilience capacity of many remaining reefs.

Pollution is also recognized as a leading cause of reef degradation and has been 
implicated in the recent increase of coral diseases. It includes sewage, agricultural 
runoff and industrial waste which increase the level of nitrogen around coral reefs 
causing eutrophication and therefore smothering corals. In addition, many heavy 
industries such as desalination plants, oil refining and power generating plants, 
are strategically located along the coast to utilise sea water for cooling purposes. 
Cooling water discharges cause local thermal stress to coral and can even 
exacerbate natural heat stress in the summer months. These practices therefore 
contribute to coral bleaching mortality in years when sea surface temperatures 
reach abnormal levels.
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An additional threat in the Gulf region includes oil pollution since this body 
of water is bordered by the largest oil producing countries in the world. A 
major proportion of oil produced is transported by sea which makes this 
basin among the busiest tanker route in the world. Incidents of oil spills from 
well blow-outs, oil spills, tankers and ships are not uncommon. However, 
despite the high level of activity in oil and gas industries as well as the risks 
involved, oil pollution has caused relatively little direct damage to corals and 
reefs. Effects from the 1992 Gulf War oil spills had minimal impacts on the 
coast and offshore islands of Kuwait and Saudi Arabia. Scientists predicted 
that this low impact was due to the acclimatisation of corals to low levels 
of hydrocarbons in the water that are frequent because of a combination of 
natural seepages and chronic incidences of small operational spills.

A HEALTHY COLONY OF THE BRAIN CORAL, PLATYGYRA  
DAEDALEA, SHOWING ITS TYPICAL MEANDROID VALLEYS.
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Coral bleaching

Coral bleaching has been attributed to extremes in sea surface temperatures, 
changes in salinity, high light levels, increased solar radiation, high turbidity, 
sedimentation, bacterial infections and other abiotic factors. These processes 
place corals under extreme stress and prevent the normal process of 
photosynthesis occurring in the zooxanthellae. While some species are more 
susceptible to bleaching under the same conditions, all corals respond by 
expelling their zooxanthellae or decreasing the concentration of photosyn-
thetic pigments. This response mechanism, which gives the corals a white 
appearance by exposing the skeleton, is called bleaching. Many corals can 
recover when the stressor is removed after a short time and affected colonies 
can regain their symbiotic algae within several weeks to months. However, 
prolonged bleaching impairs the coral’s immune and reproductive systems, 
reduces skeletal growth, increases their vulnerability to invasive species 
and diseases, and can eventually cause coral death. Even if a coral survives 
a major bleaching event, its reproductive capacity and ability to withstand 
disease is reduced. If bleaching is sustained over time, it can cause partial or 
complete colony death.

The increased incidence of regional and global mass bleaching since the 
1980s, had led researchers to believe that global climate change is respon-
sible for such episodes. Coral bleaching is therefore more often associated 
with significant rises in sea surface temperatures. The Gulf is subject both 
to extreme negative and positive temperature excursions which strongly 
influence the development of reefs in this body of water. Negative anomalies 
characterised by unusually cold weather, usually occur in winter and are 
mostly linked to the ‘shamal’, a cold north wind which originates from the 
Iranian highlands. Furthermore, while species of corals appear to be more 
tolerant to environment extremes than their counterparts in other parts of 
the world, massive coral die-backs in the southern Gulf have been recorded 
due to elevated sea surface temperatures. The most recent Gulf bleaching 
events occurred in 1996, 1998 and 2002 and were associated to a prolonged 
period of positive temperature excursions with sea surface temperature 
anomalies of over two degrees above average. These recent episodes have 
resulted in major coral mortality and in a considerable change to the ecology 
of most reefs. While regeneration of the damaged corals seems to be taking 
place, the long-term survival potential of these reefs remains questionable.
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The structure of the coral community is also influenced during and after 
bleaching events due to the fluctuating abundance of reef associates. Some 
reef associated species die during such events while others remain unaffected 
or even increase in numbers. For instance, Drupella sp. gastropods are unaf-
fected by high temperatures and can be found surrounding corals that have 
been damaged by cyclones, diseases or bleaching. Similarly, the asteroid sea 
star Acanthaster planci is unaffected and its presence on the remaining reefs 
has become more concentrated. This exacerbates the damage already done 
from bleaching as each of these corallivores can consume anywhere from 
5 to 13 m2 of coral per year. Reef fish responses to bleaching are varied and 
depend on the specific resource affected. While adult fish mortality does 
not seem to be impacted, some effects can be seen on growth rates, body 
size at maturity, competitive ability and fecundity. Furthermore, species that 
are obligate corallivores such as gobies and pomacentrids usually die within 
weeks of the disappearance of their coral prey and habitat niche while large 
herbivores migrate to new reef sites.

STRESSED ACROPORA CORALS HAVING EXPELLED THEIR 
ZOOXANTHELLAE. THEIR WHITE APPEARANCE IS TERMED ‘BLEACHED’. 
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Disease

With the proliferation of coral diseases in recent years, these are now 
recognised as major factors in the decline and widespread mortality of coral 
reefs and many reef associated organisms worldwide. Indeed, coral diseases 
have the ability to alter the structure, composition and function of reef 
communities over time. However, relatively little is known about the causes 
and effects of coral diseases as they were only discovered in the 1970s in 
the Caribbean region and mid-1980s in the Indian Ocean. Approximately 
30 coral diseases and syndromes have been recognized since and the causes 
of diseases and their progression remain poorly understood. Indeed, while 
reports of coral diseases have significantly increased around the world, few 
pathogens have been identified and scientific studies are still dependent 
on the external or macroscopic appearance of corals for nomenclature and 
diagnosis including characteristics such as the extent of tissue loss, tissue 
colour and skeleton exposure.

Many scientists have linked coral diseases to the increased environmental 
stresses affecting coral reefs. Indeed, it is believed that coral disease and 
syndromes mostly occur in response to biotic stresses such as bacteria, fungi 
and viruses, and/or abiotic stresses such as increased sea water temperatures, 
ultraviolet radiation, sedimentation and pollutants. These stress factors can 
weaken an organisms’ defence mechanisms and increase its susceptibility to 
disease agents or even cause a breakdown in its key metabolic processes. In 
fact, damage to coral tissue by corallivores such as fish (chaetodonts, scarids 
and pomacentrids), predatory snails (Drupella sp.), Crown-of-Thorns sea stars 
(Acanthaster planci), eroding sea urchins (Diadema sp. and Echinometra sp.) 
and even tubeworm infestations are considered to be vectors of infection. 
With degenerating tissue damage, open wounds formed become potential 
sites for pathogenic invasion. In most cases, disease infections are patchy 
and affect a relatively small area. However, these can reach epidemic propor-
tions and chronic infestations which can result in the decline in abundance 
and surface cover of living corals. The bare substratum created can then be 
colonized by various other marine organisms including algae and sponges. 
This then causes a decrease in the topographic and species complexity of the 
reef community.
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Some diseases that are known to occur worldwide include the Rapid Wasting 
Syndrome, Dark Spots Disease, Coralline Lethal Disease, Skeletal Eroding Band 
and Black Necropsing Syndrome. However, the best known coral diseases are 
the Band Diseases which kill living coral tissue by forming an active band on 
or around the coral, eventually decaying and sloughing off, leaving only the 
denuded coral skeleton. Each of these diseases has a distinctive colour which 
is used to identify it including Black, White, Red and Yellow. In the UAE, three 
of these band diseases were reported during an ecological survey of coral 
communities in Dubai: the Black Band, White Band and Yellow Band diseases.

The Black Ban Disease (BBD) is considered as one of the major diseases 
affecting coral reefs around the world. It is characterized by a black concen-
tric or crescent shape band, one to 30 millimetres wide and up to two metres 
long that consumes coral tissue as it passes over the colony surface. Its 
primary pathogen is the cyanophyte Phormidium corallyticum, and is mainly 
associated with cyanobacteria combined with opportunistic organisms 
such as nematodes, ciliat protozoans, flatworms and fungal filaments. It is 
contagious and can spread to other colonies quickly at a rate varying from 
a few millimetres to two centimetres of tissue loss per day. The exposed 
coral skeleton is rapidly colonized by filamentous algae and other organisms. 
However, it is not always clumped and therefore BBD is not highly infectious.  
The incidence of BBD increases during the summer months when water is 
clear and temperatures reach their peak. The incidence and prevalence may 
also increase when corals are stressed by a polluted environment, sedimenta-
tion, nutrients, toxic chemicals and warmer-than-normal temperatures. 
Although colonies often suffer only partial mortality, loss of live coral tissue 
reduces the number of reproductive coral polyps and opens up surfaces that 
can be colonized by bioeroding organisms.

THE CROWN-OF-THORNS STARFISH, ACANTHASTER PLANCI, PREYS ON CORAL REEF POLYPS. IT EXTRUDES ITS STOMACH OUT THROUGH ITS MOUTH 
OVER THE SURFACE OF THE CORAL AND LEAVES A WHITE SCAR OF CORAL SKELETON WHICH IS QUICKLY INFESTED WITH FILAMENTOUS ALGAE.
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BLACK BAND DISEASE PROGRESSION ON AN ACROPORA COLONY. THE MICROBIAL MAT IS 
PRESENT BETWEEN HEATLHY CORAL TISSUE AND FRESHLY EXPOSED CORAL SKELETON.

182

MARINE ECOSYSTEMS IN THE UAE / CORAL REEFS



ACTIVITY //   
RESEARCH THE VARIOUS 
CORAL DISEASES FOUND 
AROUND THE WORLD, 
THEIR CHARACTERISTICS, 
KNOWN PATHOGENS 
AND IMPACTS ON REEFS.

The White Band Disease (WBD), also referred to as ‘White Death’ or ‘Plague’, 
infects corals and leaves a characteristic bright uniform white band or 
lesions and areas of freshly exposed white skeleton, with a sharp and well 
defined border adjacent to healthy and normally pigmented tissues. WBD is 
characterised by tissue that peels or sloughs off the coral skeleton beginning 
at the base of the colony and progressing up to branch tips. The band ranges 
from a few millimetres up to 10 centimetres wide, and the rate of tissue loss 
is approximately five millimetres per day. Currently, WBD is the only coral 
disease known to cause major changes in the composition and structure of 
reefs. 

Little is known about the etiology of the WBD or the pathogen that is 
responsible for it. Indeed, although unusual aggregates of rod-shaped bacteria 
have been found on coral tissues affected by WBD type I, scientists have 
not determined the role of this micro organism. Furthermore, some corals 
containing these bacteria appear healthy while other colonies that are 
affected by sloughing tissue do not contain a microbial community. Unlike in 
the case of BBD, despite intensive study, no consistent assemblage of micro-
organisms could be found at the junction of the sloughing tissue and the 
bare coral skeleton. However, although it is not contagious, it is a common 
and widespread disease. It is commonly confused with coral bleaching or the 
Shut Down Reaction (SDR). However, it differs from bleaching since while 
the bleached coral appears white, the skeleton is still covered by translucent 
tissue having lost its zooxanthellae. Furthermore, differences with the SDR 
include the fact that SDR attacks very fast and tissue loss is generally over 
the entire individual while WBD is patchy.

The Yellow Band Disease (YBD) is a relatively newly reported disease from 
the southern Gulf with an unknown pathogen. YBD manifests itself as a 
broad yellow band passing over the colony surface similarly to the BBD. The 
denuded skeleton retains the characteristic yellow coloration, occasionally 
turning greenish. YBD is contagious and preliminary investigations into 
its spreading rates indicate that they are faster in summer than in winter 
reaching up to 4.9 millimetres per week.
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Climate change

Climate change brings many challenges to coral reefs and poses an increasing 
threat. The projected increase in sea-surface temperatures will cause more 
mass bleaching episodes and lead to substantial losses in coral cover. The 
survival of corals will depend on their ability to adapt to extreme environ-
mental conditions. However, climate change also brings with it a multitude 
of other threats to corals such as increasing ocean acidity and sea level rise. 
Their impact on coral reefs will also depend on the natural resilience of reef. 

An increase in atmospheric carbon dioxide levels will increase the fragility of 
corals by reducing their ability to form limestone skeletons and slowing their 
growth. Ocean acidification is a process that has recently been accepted to 
describe the cascading effects on ocean chemistry that is taking place. This 
process involves the ocean uptake of carbon dioxide from the atmosphere 
which reduces the severity of the greenhouse effect. However, this also alters 
the chemistry of seawater and results in lower pH levels and a decrease 
in carbonate ion concentrations. It is predicted that the change in ocean 
acidity will cause a shift in relative proportions of inorganic forms of carbon, 
dissolved carbon dioxide, bicarbonate and carbonate. This major change in 
the chemical conditions that support calcification will affect reef structures 
and communities. The exact consequences on corals and marine ecosystems 
remain unknown but are predicted to include a significant reduction in the 
ability of reef-building corals to grow their carbonate skeletons.

Sea level rise is due to the thermal expansion of the oceans including the 
melting of glaciers and ice caps as an effect of global warming. Conserva-
tive estimates by scientists predict that the sea level will rise by 20 to 60 
centimetres by 2100. These expected rises will not pose a direct threat 
to corals reefs as these will be provided with additional space for upward 
growth without exposure to air. However, it will render reef islands and 
low lying coastlines uninhabitable and therefore threatening coral island 
cultures and whole nations.  It is the combination of sea level rise, increase in 
weather extremes and ocean acidification that will have major consequences 
including counteracting any accretion, making countries such as the Maldives 
or the Marshall Islands disappear, destroying areas of fresh groundwater as 
well as disrupting food crops.
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ACTIVITY //   
EXPLAIN WHY CORAL REEFS 
ARE GOOD INDICATORS 
OF PAST AND PRESENT 
CHANGES IN CLIMATE.

DEAD SKELETON OF AN ACROPORA CORAL.
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4.12 CORAL CONSERVATION AND MANAGEMENT

Approximately 10% of the world’s coral reefs have been degraded beyond 
recovery while many more are in serious decline. Pressures on coral systems 
are likely to increase with rapidly expanding human population growth 
along coastal environments. Local pressures around the Gulf, including 
degraded water quality, unsustainable and destructive fishing as well as large 
scale coastal development, are acting to reduce the resilience of the coral 
system, undermining its ability to adapt to climate change and lowering the 
threshold for the shift from coral-dominated phase to other phases.

Hundreds of studies have now been published in peer reviewed journals 
and reports on corals in the Gulf including many articles dealing specifically 
with the biological and geological dynamics of reef building and UAE corals. 
Most authors have called upon governments to review current legislations 
and implement management actions to protect, restore and maintain these 
critical habitats and their resilience to various disturbances. In fact, scientists 
in the region have identified a number of important steps and actions that 
are necessary to improve coral reef conservation in the Gulf. These include 
actions for the reduction of coral damage from human activities such as 
fishing; underwater cleanup campaigns for the removal of accumulated debris 
from reefs; the development of education campaigns to increase awareness 
and understanding of the importance of these ecosystems; the development 
and expansion of the local capacity to monitor and carry out coral reef 
research; the designation of new marine protected areas as part of integrated 
management plans; and the management of coastal development projects to 
reduce the impact of dredging and reclamation activities.

In recent years, the UAE has built its scientific capacity, technology and 
management resources. By actively including the scientific community 
and international expertise, projects have been undertaken to gain a better 
understanding of the status of corals in UAE waters. Indeed, comprehensive 
studies investigating coral reefs were initiated as early as the 1990s in Dubai 
and culminated with the declaration of the Jebel Ali Marine Sanctuary in 
1997 in recognition of this rich and diverse coral ecosystem. Furthermore, 
a comprehensive three year mapping project of corals in Abu Dhabi and 
eastern Qatar undertaken by the Emirates Wildlife Society and the World 
Wildlife Fund was completed in 2008. The project contributed to a better 

ACTIVITY //   
DESIGN AND CREATE A 
TWO PAGE PAMPHLET 
ABOUT CORAL REEFS 
AND THEIR THREATS. 
GIVE ADVICE ON WHAT 
PEOPLE CAN DO TO HELP 
PROTECT CORAL REEFS. 
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understanding of coral cover, diversity, level of recovery from bleaching as 
well as the development of a conservation and management plan for corals 
in the UAE. Other projects have included the deployment of artificial reefs 
along the coastline in order to mitigate impact from human activities and 
enhance fisheries yield. Finally, two large scale coral transplantation projects 
involving over 12,000 coral colonies were undertaken by the Emirates Marine 
Environmental Group in 2007 and 2008. These initiatives were undertaken 
in order to mitigate the impact of dredging operations and proved highly 
successful. 

Other countries in the Gulf have also carried out a variety of programs and 
initiatives including the adoption of new laws for the conservation of coral 
reefs. After the 1991 Gulf War oil spill, Saudi Arabia designated the Jubail 
Marine Wildlife Sanctuary as a protected area which encompasses large 
areas of coral reefs. Furthermore, in 2008, Qatargas completed a major 
environmental initiative by relocating approximately 4,500 coral colonies 
from future pipeline corridors which were likely to be affected from proposed 
expansion projects.

Overall, the value of coral reefs is recognized in the Gulf region. Indeed, 
many of the initiatives for promoting the conservation of reefs have come 
from both governmental and non-governmental organisations and these 
efforts have raised public consciousness. However, there is a need to expand 
environmental education activities in both private and public sectors and to 
encourage public participation in conservation efforts. With the increasing 
coastal development in the UAE, government agencies responsible for devel-
opment need to direct more attention to reef conservation as it is evident 
that much of the present reef degradation has resulted from ad hoc planning. 
Reef protection measures against the impact of development should no 
longer be delayed especially since it is evident that most of the reef degrada-
tion around development sites could have been avoided or minimised with 
better planning. Furthermore, there is a need to strengthen enforcement of 
legislation related to management of coastal and marine areas by imple-
menting a comprehensive Coastal Zone Management Plan. Finally, research in 
the form of monitoring programs needs to be undertaken in order to acquire 
data and strengthen the current biological and environmental information 
available for the UAE. This will also allow for a better understanding of how 
corals and the organisms that depend on them coexist.
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CORAL ACTIVITIES

THE FOLLOWING CLASSROOM AND FIELD ACTIVITIES CAN BE ADAPTED 
BASED ON THE OBJECTIVES OF THE COURSE, THE STUDENTS LEVEL (FROM 
ELEMENTARY TO UNIVERSITY LEVELS), THE CURRICULUM, THE AVAILABILITY 
OF TIME AND ACCESSIBILITY TO CORAL REEF AREAS.
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4.1 CLASSROOM ACTIVITIES

4.1.1  General knowledge questions

a. What marine organisms pose a threat to coral reefs?

b. What type of relationship do corals have with zooxanthellae?

c. What are the three major threats to corals in the UAE?

d. Which factors explain the distribution of coral reefs?

e. What are the expected effects of climate change on coral reefs in the Gulf?

f. Can you explain why coral reef ecosystems are high in biodiversity?

g. Why do you think corals in the Gulf are of special interest to scientists?

4.1.2  Mapping activity

Studying areas where corals grow around the world provides an opportunity to discuss limiting factors such 
as light, temperature, salinity and currents as well as strengthen some notions of geography. 

a. Provide students with a blank world map and ask them to highlight all locations where they believe 
hermatypic corals can be found.

b. Show the students a world map with information on all coral reef areas found in the world.

c. DISCUSSION — Choose some tropical coasts devoid of reefs and try to determine why corals are 
not found in these locations. Why do coral reefs exist in areas outside the tropical belt?

4.1.3 Research activity

a. Investigate which areas in the world have the richest coral reefs and compare species richness with 
the Gulf area.

b. Gather data on how many tons of fish a reef can produce. Compare healthy reefs with overexploited 
ones. 

c. Search the International Union of the Conservation of Nature (IUCN) Red List of Threatened Species 
and the Convention on International Trade in Endangered Species (CITES) database for endangered 
marine animals in the UAE and neighbouring countries of the Gulf. Apart from coral species, which 
other marine species are listed that are dependent on coral reefs for their survival? Create a table 
using including the following information: Species name (common and scientific); Phylum; CITES 
Appendix and listing date; IUCN Red List status, listing date and population trend. Based on your 
results, what trends do you expect to see in terms of species decline in the next 5 years, 10 years, 
and 20 years?
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d. How long can a single coral polyp live? Can it be replaced after its death? Discuss the case of a 
small area of reef damage versus extensive damage of a whole reef.

e. How old are the oldest living coral reefs in the world? If a reef had survived from the formation of 
the Gulf as we know it, how old would it be?

f. Investigate the various fishing techniques used in the Gulf. Compare with fishing techniques used in 
Asia. What should be done by the fishing industry to protect corals?

g. Describe how corals feed during the day and at night.

h. Create a list of all possible natural predators of coral reefs and describe in which manner they 
disturb corals. Rate them from least to most dangerous.

4.2 FIELD AND LABORATORY ACTIVITIES

Field activities need to be planned well in advance and permission must be obtained from the relevant authori-
ties. For coral activities, most field work is limited to certified divers. Non-divers will only be able to snorkel 
in shallow coral areas. Teachers must ensure students are well equipped and thoroughly briefed on the animals 
they might encounter while in the field including sea snakes and stone fish as well as the potential risks 
associated with them. Keep in mind that diving certifications, appropriate equipment and liability waivers are 
necessary for all diving activities.

4.2.1 Identification of corals from their skeletal structure

Getting live samples for the laboratory is not recommended. Internet resources can provide high resolution 
images of all species of corals and can be used for this activity. Another option is to visit a beach where dead 
coral skeletons can be found and work on identification as part of a field trip.

a. Materials needed include:

– Samples or high resolution images of dead corals

– Magnifying lens or dissecting microscope

– Ruler

– Coral species key to identify species

b. First, have the student describe what a hard coral is. Introduce the various skeletal features and then 
have them observe the coral cups and make drawings with legends.

c. For each hard coral sample, the students should measure and record information on the calyx 
(diameter; presence of gaps between calyces, lack of gaps, no distinct cups; calyx elevation) and the 
septa (number in a calyx; aspect such as porous).

d. Discuss with students the following questions:

1. What are the best features for identifying dead coral species? 

2. Which additional characteristics would exist with live corals?
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3. Which kinds of corals are more likely to break during a storm?

4. From the size of the calyces, how big can polyps be?

5. How does a coral colony seem to grow?

6. How come such tiny animals are able to create massive reefs?

4.2.2 Coral growth

The aim of this experiment is to have the students understand that all materials required for polyp growth and 
skeleton building are found in seawater. With the help of zooxanthellae, polyps are able to retrieve the compo-
nents from the water, move the chemicals to the precise area where the precipitation will occur, and form the 
calyx and septa.

a. The chemical reaction can be written:

 Ca (OH)
2
 + CO

2
 = CaCO

3
 + H

2
O

The calcium carbonate created is not soluble. You can test this by putting a piece of chalk or limestone in a 
glass of saltwater: it is not an ionic structure. Ask the students to explain where the calcium (dissolved in water) 
and the carbon dioxide (polyp respiration) come from.

b. To demonstrate the formation of calcium carbonate in sea water, you will need the following 
material. 

– Lime water (dissolve calcium hydroxide in water, or dissolve a piece of chalk with  
an acid, using appropriate protection and ventilation).

– An empty cup

– A cup, half full, with lime water

– A cup, half full, with tap water (control sample)

– Two straws

– A coffee filter

c. Ask students to perform the following tasks:

1. Ask a student to blow (not too hard) into the cup with lime water.

2. When a white precipitate forms, filter it out using the coffee filter and the empty cup. The nature 
of the precipitate can be proven with the common acid test: a few drops of diluted hydrochloric 
acid will dissolve it.

3. Repeat with the tap water cup: no precipitate should form.

d. The activity can be followed by considerations about changes in ionic concentrations (especially 
increases in dissolved carbon dioxide and changes in water acidity as a consequence of global 
warming (use chalk with water and vinegar to illustrate the effect of an increase in acidity). 

e. Discuss with students the following questions:

1. In which crystal forms can calcium carbonate occur?

2. What does solubility depend on? When is it the highest?

3. Can carbonate rocks exist in deep oceans? 
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4.2.3 Artificial reefs

You can start by asking students to think about the pros and cons of artificial reefs such as sunken boats. Have 
them look at pictures of man-made structures, such as specially designed structures (like reef balls). Over 20 
ships or barges have been deliberately or accidentally sunk in UAE Gulf waters, most of which make quite 
spectacular diving sites. 

f. What functions should an artificial reef have?

g. Why do sunken objects attract a large variety of animal life?

h. Can garbage make good artificial reefs? (Research the Osborne reef in the 1970s).

i. Develop a list of sunken objects that can be found in UAE waters.

j. How can artificial reefs be beneficial to nearby natural reefs?

k. How do artificial reefs evolve over time? Do they become similar to natural reefs?

l. When creating an artificial reef, what features and parameters are important to consider (i.e. shape 
and location)? Which are the most important? How would you design an artificial reef?

m. What are ecological arguments against the establishment of artificial reefs?

n. Do you think additional reefs should be created in the UAE under the pretext of protecting natural 
reefs? Where should these be created and why?

4.3 GROUP DISCUSSION ON VARIOUS ASPECTS OF CORALS 

a. Compile a list of all threats, direct and indirect, to corals in the UAE and develop ideas to mitigate 
these impacts in the short and long term.

b. Research and review some of the coral reef monitoring protocols and guidelines from around the 
world. What are the similarities and differences? Are they justified? Would you do anything differ-
ently?

c. Why are mooring buoys advocated for the protection of coral reefs? What issues need to be consid-
ered before their deployment? 

d. What laws and regulations around the world have been successful at protecting corals? Do you have 
any other suggestions?

e. Which species of fish and invertebrates in the Gulf can be used as indicators species to assess the 
health of corals? How did you make your choice and how would you monitor them?
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Abiotic factors Characterised 

by the absence of life.

Acclimation The process 

in an individual organism 

adjusting to a gradual 

change in its environment.

Accretion The process of 

growth or enlargement.

Ahermatypic Coral that do 

not possess zooxanthellae 

(algae) in their tissue and can 

therefore dwell in the dark 

waters of the aphotic zone. 

These do not form large reefs.

Anaerobic Refers to the 

absence of free oxygen.

Angiosperms Flowering plants 

with true stems, leaves, and 

roots with vascular tissue.

Anoxic The absence 

of free oxygen.

Anthozoans Any marine 

coelenterate of the class 

Anthozoa, comprising 

colonial and solitary polyps 

and including corals, sea 

anemones, sea pens, etc.

Anthropogenic Caused or 

influenced by humans. 

Biodiversity Variety of 

different species, genetic 

variability among individuals 

within each species, variety 

of ecosystems, and functions 

such as energy flow and 

matter cycling needed for 

the survival of species and 

biological communities.

Biomass The quantity of living 

matter expressed as grams 

per unit area or unit volume.

Biota All living organisms. 

Continental shelf The 

extended perimeter 

of each continent and 

associated coastal plain.

Corallite The skeleton 

of a coral polyp.

Coriolis effect An apparent 

force that arises because of 

the Earth’s spin about its 

axis. Freely moving objects 

are deflected to the right of 

their direction of motion in 

the Northern Hemisphere 

and in the left of their 

direction of motion in the 

Southern Hemisphere.

Ciliated Covered with 

short, hair-like protrusions.

Cyanobacteria A phylum 

of bacteria that obtain their 

energy through photosynthesis.

Dessication The state of 

extreme dryness, or the 

process of extreme drying.

Detritus Particulate dead 

organic matter, including 

excrement and other waste 

products, shed body parts 

(such as exoskeletons, 

skin, hair, or leaves), and 

minute dead organisms. 

Dredging An excavation 

activity or operation usually 

carried out at least partly 

underwater, in shallow seas 

or fresh water areas with 

the purpose of gathering 

up bottom sediments 

and disposing of them at 

a different location.

Ecotypic A type or 

subspecies of life that is 

especially well adapted to 

a certain environment.

Epibenthic The organisms 

living on the surface of the 

sea-bed or bed of a lake.

Epibiont A species that 

lives on another species, 

using the host as a form 

of hard substrate.

Epifauna Animals that live in 

contact with the sea bottom 

either moving freely over the 

substrate or attached to it.

Epiphyte Organisms that grow 

attached to other organisms.
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Erosion Process or group of 

processes by which loose or 

consolidated earth materials 

are dissolved, loosened, or worn 

away and removed from one 

place and deposited in another.

Estuarine Belonging to a 

partially enclosed body of 

water where freshwater is 

mixed with saltwater.

Euphotic Upper layer of a 

body of water through which 

sunlight can penetrate and 

support photosynthesis.

Euryhaline An organism 

capable of withstanding 

a wide range of 

environmental salinities.

Eutrophication A process 

whereby water becomes anoxic 

because it is choked with 

decomposing organic matter.

Exoskeleton A skeleton 

partially or completely 

covering the exterior of 

a plant or animal.

Flagship Iconic animals that 

provide a focus for raising 

awareness and stimulating 

action and funding for broader 

conservation efforts.

Genetic The science of 

genes, heredity, and variation 

in living organisms.

Gonochoric Sexually 

reproducing species in which 

individuals have just one of 

at least two distinct sexes.

Greenhouse gases Gases in 

the earth’s lower atmosphere 

(troposphere) that cause 

the greenhouse effect. 

Examples include carbon 

dioxide, chlorofluorocarbons, 

ozone, methane, water 

vapour, and nitrous oxide. 

Halophyte Flowering 

plants that are tolerant to 

seawater exposure, including 

complete submergence.

Hermatypic Colonial, 

reef-building coral that have 

a mutualistic relationship 

with zooxanthellae 

(algae) and, hence, grow 

only in sunlit areas.

Holocene transgression  

Refers to the time when 

the retreat and shrinking of 

Pleistocene ice sheets, ice 

caps, and mountain glaciers 

resulted in the addition of 

enormous quantities of water 

to the oceans and seas of the 

world. As result, sea level rose 

significantly globally resulting 

in extensive retreat of their 

shorelines around the world.

Hydrochory The dispersal of 

seeds, spores, or fruit by water.

Hydrodynamics The 

dynamics of fluids in motion.

Hypoxic Refers to a state of 

‘hypoxia’ where the reduced 

dissolved oxygen content of a 

body of water is detrimental 

to aerobic organisms.

Infauna Animals that live 

within or burrow through the 

substrate as distinguished 

from the epifauna, which 

live upon the substrate.

Intertidal The area of the 

shore that lies between the 

highest normal high tide and 

the lowest normal low tide. 

Also called littoral zone. 

Irradiance The density 

of radiation incident 

on a given surface.

Land reclamation The 

process to create new land 

from ocean, riverbeds, or, lake.

Mangrove A salt-tolerant 

tropical shrub or tree 

that grows in areas such 

as river estuaries or tidal 

marshes that are covered 

by the sea at high tide.

Mesentery The peritoneal fold 

attaching the small intestine 

to the posterior body wall.

Monospecific Describes 

a genus which contains 

only one known species. 

Motile Able to move 

independently.

Neap tide The minimum 

range of tide in an area; it 

occurs when the moon is in 

its first and third quarters.
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Nematocyst Organelle within 

the cnidocytes of cnidarians 

that is often venomous, 

used in prey capture.

Parthenogenesis A form 

of asexual reproduction 

where growth and 

development of embryos 

occur without fertilisation.

Pericarp The ovary wall 

that forms the seed coat.

Petrochemicals Chemicals 

obtained by refining 

(distilling) crude oil. They 

are used as raw materials 

in manufacturing most 

industrial chemicals, fertilisers, 

pesticides, plastics, synthetic 

fibres, paints, medicines, 

and many other products.

Phloem The plant tissue 

that transports dissolved 

nutrients from the leaves to 

the other parts of the plant. 

Also called inner bark.

Photosynthesis Chemical 

reactions conducted in 

the presence of light by 

plants using chlorophyll 

whereby carbon dioxide and 

water are converted into 

carbohydrates and O2.

Photic zone The well-lit 

surface layer of the ocean 

where plants photosynthesise. 

Sometimes referred to 

as the euphotic zone.

Phytoplankton The 

plant members of the 

plankton community, 

which are the primary 

producers of the oceans.

Pistillate Pistillate (or 

“female”) flowers are ones 

which have a functional 

pistil, capable of producing 

seeds—but either have 

no stamens at all, or have 

stamens with anthers that are 

incapable of producing pollen.

Planktonic The collection 

of small or microscopic 

organisms, including algae and 

protozoans, that float or drift in 

great numbers in fresh or salt 

water, especially at or near the 

surface, and serve as food for 

fish and other larger organisms.

Pneumatophore A 

gas-filled float used by some 

siphonophores to maintain 

buoyancy in the water.

Pollination The transfer of 

pollen from an anther (the 

male reproductive organ) to a 

stigma (the receptive part of 

the female reproductive organ). 

Polyp The attached, 

benthic generation of many 

types of cnidarians.

Polyphyletic A group of 

organisms descended from 

more than one ancestor, 

may be more closely related 

to other organisms outside 

of the taxonomic group.

Primary production The 

synthesis of organic 

compounds from 

inorganic substances.

Productivity The rate 

of generation of biomass 

in an ecosystem.

Propagule A structure with 

the capacity to give rise 

to a new plant, such as a 

seed, a spore, or a part of 

the vegetative body capable 

of independent growth if 

detached from the parent. 

Ramsar site A site 

protected under the Ramsar 

Convention (The Convention 

on Wetlands of International 

Importance, especially as 

Waterfowl Habitat), an 

international treaty for the 

conservation and sustainable 

utilisation of wetlands.

Rhizomatous Characterised 

by a horizontal stem 

of some plants that is 

capable of producing new 

shoots as it grows.

Sclerophyllous A plant with 

usually evergreen leaves that 

are stiff and firm and retain 

their stiffness even when 

wilted; they are common 

in, but not restricted to, 

regions with a long summer 

drought and predictable 

yet limited winter rain.
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Seagrass Flowering plant 

from one of four plant 

families (Posidoniaceae, 

Zosteraceae, Hydrocharitaceae, 

or Cymodoceaceae), 

which grow in marine, 

fully-saline environments.

Sessile Benthic organisms that 

are attached to the substrate 

and, hence, fixed and unable to 

move across the sea bottom.

Spring tide The maximum 

range of tide in an area; 

occurs twice a month when 

the moon is new or full.

Staminate Staminate (or 

“male”) flowers are ones that 

have functional stamens, 

capable of producing pollen—

but either have no ovary at all, 

or an ovary that is not fertile.

Stochastic Refers to 

systems whose behaviour is 

intrinsically non-deterministic, 

sporadic, and categorically 

not intermittent.

Succulent A plant with 

fleshy stems or leaves 

with specialised tissue 

for the conservation of 

water; a xeromorphic 

strategy for tolerating 

long periods of drought.

Symbiotic Symbiotic 

relationships include those 

associations in which one 

organism lives on another 

(ectosymbiosis, such as 

mistletoe), or where one 

partner lives inside the 

other (endosymbiosis, such 

as lactobacilli and other 

bacteria in humans or 

zooxanthelles in corals).

Tectonic plates Various-

sized areas of the earth’s 

lithosphere that move slowly 

around with the mantle’s 

flowing asthenosphere. 

Most earthquakes and 

volcanoes occur around the 

boundaries of these plates.

Vascular Vascular plants are 

those plants that have lignified 

tissues for conducting water, 

minerals, and photosynthetic 

products through the plant.

Vertical mixing An 

upward and downward 

movement of air or water 

that occurs as a result of 

the temperature gradients.

Viviparous A condition 

describing the reproductive 

strategy wherein embryos 

develop within the mother 

while receiving nutrients 

via a placenta with 

subsequent live birth. 

Xeric Said of an environment 

or habitat that is extremely dry, 

lacking humidity and water; 

Said of an organism adapted 

to live in a very dry habitat.

Xylem Plant tissue through 

which all water and dissolved 

nutrients are conducted.

Zonation Recognisable 

bands or groupings of plant 

and animal communities 

in certain environments, 

such as within salt marshes 

and along rocky shores.

Zooxanthellae Symbiotic 

algae (modified dinoflagellates) 

that live in the tissue of 

hermatypic corals, sea 

anemones, molluscs, 

and several other types 

of marine animals.
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