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Abstract

Coral reefs are important biodiversity hotspots that not only function as an crucial habitat for a
multitude of organisms, but also provide human populations with an array of goods and
services, such as food and coastal protection. Despite this, coral reefs are under threat
worldwide from direct or indirect anthropogenic impacts, such as pollution, overexploitation and
climate change. The coral reefs of the Musandam peninsula (Oman), situated on the Arabian
peninsula in the Strait of Hormuz, endure very harsh conditions such as high salinity and
temperatures, existing in what would be considered marginal and highly challenging
environments for corals in other parts of the world,.

Although Musandam corals exhibit resilience there is increasing concern that any additional
stress, as a result of natural disasters and/or anthropogenic impacts for example, may
accelerate coral die-off. For the past decade, reefs in the Arabian Gulf have been devastated by
major coral bleaching events, cyclones, harmful algal blooms and extensive coastal
developments.

Between 10 and 23 October 2010, and for the second consecutive year, Biosphere Expeditions,
in collaboration with the Emirates Diving Association, conducted a research project whereby a
coral reef survey using Reef Check methodology was carried out in 18 different dive sites along
the Musandam peninsula coastline. The main objectives of the expedition were to (1) monitor
the health of and impacts on the Musandam peninsula’s coral reefs and (2) use and
disseminate these findings for the purposes of management, education and conservation by
local government and non-governmental organizations (NGOs).

The main objectives of the expedition were to (1) monitor the health of and the impacts on the
Musandam peninsula’s coral reefs and (2) use and disseminate these findings for management,
educational and conservation purposes by local government and NGOs.

A comparison of findings from the 2009 and 2010 expeditions found no significant changes in
the mean average of indicator species or substrate categories. However, there were significant
changes of concern in the type and amount of impacts such as an increase in (1) invertebrates
harvested for food, (2) tourist diving and snorkelling pressure and (3) artisanal and recreational
fishing. There were also other clearly negative trends: although changes in the mean average of
indicator species or in the percentage substrate coverage were not alarming, there was a clear
trend suggesting that if the increase in pressure and impacts is maintained at its current rate,
then future significant and highly detrimental effects for the Musandam peninsula marine life are
inevitable.

The continuation of this research project is important for the regular monitoring of the invaluable
coral reefs of the Musandam peninsula; a habitat that not only guarantees high biodiversity in
the area, but also provides local communities with essential goods and resources. However,
without additional actions, Biosphere Expeditions’ annual Reef Check surveys are likely simply
to document a continuing decline of a reef habitat already near the brink of collapse. We
therefore recommend that the following additional projects are instigated by local government
and NGOs: (1) fisheries landings studies, (2) patrolling of and new legislation for the diving and
fishing communities, (3) creation of a Marine Protected Area (MPA) or a network of MPAs,
including the installation and monitoring of fixed and marked mooring buoys and (4) actions to
declare the Musandam peninsula a UNESCO Biosphere Reserve and ultimately a UNESCO
World Heritage Site.
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1. Expedition Review
M. Hammer (editor)

Biosphere Expeditions

1.1. Background

Biosphere Expeditions runs wildlife conservation research expeditions to all corners of the
Earth. Our projects are not tours, photographic safaris or excursions, but genuine research
expeditions placing ordinary people with no research experience alongside scientists who are at
the forefront of conservation work. Our expeditions are open to all and there are no special skills
(biological or otherwise) required to join. Our expedition team members are people from all
walks of life, of all ages, looking for an adventure with a conscience and a sense of purpose.
More information about Biosphere Expeditions and its research expeditions can be found at
www.biosphere-expeditions.org.

This project report deals with an expedition to the Musandam peninsula that ran from 10 to 23
October 2010 with the aim of monitoring the health of the Musandam peninsula’s reefs, its fish
and invertebrate communities so that informed management, education and conservation
decisions can be made by the government and NGOs. Data on the current biological status of
the reefs and of population levels of key indicator species are crucial for educational purposes
and to be able to put forward ideas for future marine protection areas. Data collection followed
an internationally recognised coral reef monitoring programme, called Reef Check, and will be
used to make informed management and conservation decisions within the area. The
expedition included training for participants as a Reef Check EcoDiver.

Although popular myth has Arabia down as a vast, flat and empty expanse of sand (and oil),
Oman is quite different. In fact, there is a wide range of contrasting landscapes: high mountains,
beaches, the desert landscapes of the Empty Quarter, coral reefs and even tropical habitats,
where the monsoon touches Oman in the extreme south.

The 650 kilometre coastline of the Musandam peninsula is strewn with rocks and coves, gradual
steps, steep rocky slopes and cliffs that plunge to great depths all over the fjord-like landscape.
The coral reefs that grow along the margins of this stunning landscape are still relatively
untouched as influences such as industrial-scale fishing, pearl or scallop extraction or large
numbers of recreational divers have not wreaked their destructive influence there. The area is
therefore a prime target for studying intact reef ecosystems, conserving them for future
generations and using them in the education of people locally and all over the world.

1.2. Research Area

The Musandam peninsula (sometimes also called the Norway of Arabia) is the northernmost
part of Oman jutting out into the Strait of Hormuz at the entrance to the Arabian Gulf. The
province, or Governorate of Musandam as it is officially known, is separated from the rest of
Oman by various parts of the United Arab Emirates including Ras al Khaimah and Fujairah. The
Musandam more or less begins where the mountains rise from the plains of Ras al Khaimah.
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Flag and location of Oman and study site.

An overview of Biosphere Expeditions’
research sites, assembly points, base camp

and office locations is at Google Maps.

The remote and rugged mountains, which rise straight out of the sea creating fjords and
stunning landscapes, have had isolated communities for centuries. Many coastal villages can
be reached only by boat, as there are no roads on much of the peninsula. Pockets of flat land
support subsistence agriculture. The population of approximately 29,000 is concentrated in the
capital, Khasab (18,000 in 2004) in the north and Dibba (5,500) on the east coast. Fishing is the
principal economic activity supported by employment in government jobs.

Geology

Rocks of the Hajar supergroup in the north appear to be flat-lying but are actually folded in a
north-south trending anticline. Thinly-bedded yellowish-orange dolomitic limestones and
mudstones indicating a near-shore environment progress upwards into highly fossiliferous shelf
limestones. Shell fragments, brachiopods and micro-fossils in limestone indicate continental
shelf conditions. These limestones were deposited from the early Jurassic to the Cretaceous
period and are reckoned to be older than 65 million years.

“Round the bend”

The British arrived on a lump of rock they called Telegraph Island in the fjords back in the mid-
19th century, staying for five years. They were laying a telegraph cable from India to Basra in
Iraq. Taking the cable "round the bend" of the Gulf gave rise to the expression, since living on
Telegraph Island in the extreme heat of summer must have sent them crazy! These days, the
island is noted for its rich underwater life and dhows (the local type of fishing boat) stop off here.
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1.3. Dates

The project ran over a period of two weeks divided into two one-week slots, each composed of
a team of international research assistants, scientists and an expedition leader. Slot dates were:

2010: 10 - 16 October | 17 - 23 October.

Dates were chosen when survey and weather conditions are most comfortable.

1.4. Local Conditions & Support

Expedition base

The expedition base was a modern and comfortable live-aboard dhow with eight air-conditioned
cabins, some of them with on-suite toiled and shower facilities. The dhow had three decks, an
air-conditioned lounge, a compressor and all facilities one would expect on a modern live-
aboard. Tank refills and dive services were provided by the crew. A professional cook and crew
also provided all meals and vegetarians and special diets could be catered for.

Weather & water temperature

The climate is tropical and maritime. The average day temperature during the expedition were
30-35°C with sunshine and no clouds on all but a few rare days. Water temperature during the
expedition is ranged from 28-32°C.

Field communications

The live-aboard was equipped with a satellite communication system. Mobile phones worked in
some parts of the study site. The expedition leader also sent an expedition diary to the
Biosphere Expeditions HQ every few days and this diary appeared on www.biosphere-
expeditions.org/diaries.

Transport, vehicles & research boats

Team members made their own way to the Dubai assembly point. From there onwards and
back to the assembly point all transport and vehicles were provided for the expedition team, for
expedition support and emergency evacuations.

Medical support and insurance

The expedition leader and the expedition scientist were trained first aiders, and the expedition
carried a medical kit. The standard of medical care in Oman is very high with a clinic in Khasab.
There is also a recompression chamber in Muscat and one in Dubai. Safety and emergency
procedures were in place. There were two serious medical incidences during the expedition.
One involved a team member with serious internal bleeding who had to be hospitalised using
the emergency plans and services in place. The patient subsequently made a full recovery. The
other incident involved the death of a crew member who was killed in an accident involving an
explosion on the small side vessel whilst the expedition team were on the main research vessel.
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Diving

The minimum requirement to take part in this expedition was a PADI Open Water or equivalent
qualification. Team members who had not dived for twelve months prior to joining the expedition
were required to complete a PADI Scuba Review before joining the expedition.

Standard PADI diving and safety protocols were followed.

Dive groups were divided into different teams, each working on specific areas of survey work.
Divers were allocated to teams based on a mixture of personal preference, diving skills and
knowledge of the species.

1.5. Local Scientist

Biosphere Expeditions was working with Rita Bento of the Emirates Diving Association on this
project.

Rita Bento was born in Portugal. She has a degree in Marine Biology from the University of the
Azores and a Masters in Science of the Sea – Sea Resources from Porto University and is
currently doing her PhD with Porto University. Her first area of research was bioacoustics of
baleen whales, working in the USA with Oregon State University and NOAA (National
Oceanographic and Atmospheric Administration). In the last few years she has focussed her
research on Marine Protected Areas (MPA) currently working with the Emirates Diving
Association on the management plan of Dibba MPA in the UAE. Rita is also a Reef Check
Course Director with hundreds of Reef Check dives. Besides her scientific career, she is also a
CMAS diving instructor and published the first Portuguese diving guide in 2007.

1.6. Expedition Leaders

The expedition was led by Kathy Gill (group 1) and Ken Atkinson (group 2).

Kathy Gill joined Biosphere Expeditions in 2000. She was born and educated in England. Since
gaining her BA in Business at Bristol, she has worked in sustainable development and
regeneration for a variety of public sector organisations, most recently the Regional
Development Agency for the East of England where she was responsible for developing and
supporting partnership working to establish sustainable development activities. At the main
office Kathy is also one of two Directors and is in charge of the UK organisation. She has
travelled extensively, led expeditions and recced projects all over the world. She is a qualified
off-road driver, divemaster, marathon runner, keen walker, sailor, diver and all round nature
enthusiast.

Ken Atkinson was born in Australia and has lived in Dubai since 2005. He graduated from the
Australia Defence Force Academy (ADFA) and spent five years in the Special Forces in
numerous roles and then spent 15 years in the security industry in Australia and Dubai. Ken
completed his Open Water diving course at the age of 16 and is now a PADI IDC Staff
Instructor. In 2008 he turned his passion in to his new career and now owns his own dive centre
and works as an independent instructor. When he is not, leading expeditions, working at
completing his Master of Business and Technology or diving he can be found camping, climbing
mountains and jumping out of planes.
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1.7. Expedition Team

The expedition team was recruited by Biosphere Expeditions and consisted of a mixture of all
ages, nationalities and backgrounds. They were (with country of residence):

10 – 16 October 2010

Hilal Al Balushi (Oman), Mohamed Al Dhahab (Oman), Cornelia Beisel (Germany), Susannah
Cogman (UK), Tina Lehmuskoski (Finland), Rossella Meloni (Oman), Chun Meng Nolan (UK),
Yvonne Rebman (Switzerland), Jon Shrives (UK), Karin Thiele (Switzerland), Melanie
Thompson (Australia), Georgina Treherne (The Netherlands).

17 – 23 October 2010

Cornelia Beisel (Germany), Jane Calderbank (UK), Anders Fjeldheim (Norway), Sofie Hofgård
(Norway), Helen Savill (UK), Karin Thiele (Switzerland), Georgina Treherne (The Netherlands),
Simone Waltenspül (Switzerland).

Staff during the expedition: Ali (boat captain), Poli (cook), Chandu (deck hand), Sala (deck
hand).

Sala was killed in a tragic boat accident just as the expedition had finished and Biosphere
Expeditions and the expedition team wish to express their deepest sympathies to Sala’s family
and relatives. This report is written in his memory.

1.8. Other Partners

On this project Biosphere Expeditions is working with Reef Check, the Emirates Diving
Association, local dive centres, businesses & resorts, the local community, Sultan Qaboos
University, the Oman Ministry for Environment and Climate Affairs, the Oman Tourism Board,
as well as the United Nations Environment Programme, the World Conservation Monitoring
Centre and the International Coral Reef Action Network (ICRAN).

Biosphere Expeditions also gratefully acknowledges grant support from Six Senses (Zighy Bay),
the Ford Motor Company Conservation & Environmental Grants, as well as the Waterloo
Foundation.
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1.9. Expedition Budget

Each team member paid towards expedition costs a contribution of £1090 per person per 7 day
slot. The contribution covered accommodation and meals, supervision and induction, special
non-personal diving and other equipment and air, and all transport from and to the team
assembly point. It did not cover excess luggage charges, travel insurance, personal expenses
such as telephone bills, souvenirs etc., as well as visa and other travel expenses to and from
the assembly point (e.g. international flights). Details on how this contribution was spent are
given below.

Income £

Expedition contributions 19,470

Grants & sponsorship 31,748

Expenditure

Research vessel
includes all board & lodging, ship’s crew, fuel & oils, other services

22,231

Transport
includes transfers & visas

1,418

Educational materials, equipment and hardware
includes educational & research materials, research equipment

6,830

Staff
includes local & international salaries, travel and expenses

7,944

Administration
includes registration fees, educational materials distribution & sundries

1,889

Team recruitment Musandam
as estimated % of PR costs for Biosphere Expeditions

4,881

Income – Expenditure 6,025

Total percentage spent directly on project 88%
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1.10. Acknowledgements

This study was conducted by Biosphere Expeditions which runs wildlife conservation
expeditions all over the globe. Without our expedition team members (who are listed above)
who provided an expedition contribution and gave up their spare time to work as research
assistants, none of this research would have been possible. The support team and staff (also
mentioned above) were central to making it all work on the ground. Thank you to all of you, and
the ones we have not managed to mention by name (you know who you are) for making it all
come true. Biosphere Expeditions would also like to thank members of the Friends of Biosphere
Expeditions and donors, Land Rover and Swarovski Optik for their sponsorship.

Biosphere Expeditions also gratefully acknowledges grant support from Six Senses (Zighy Bay),
the Ford Motor Company Conservation & Environmental Grants, as well as the Waterloo
Foundation.

1.11. Further Information & Enquiries

More background information on Biosphere Expeditions in general and on this expedition in
particular including pictures, diary excerpts and a copy of this report can be found on the
Biosphere Expeditions website www.biosphere-expeditions.org.

Enquires should be addressed to Biosphere Expeditions at the address given below.
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2. Reef Check Survey
Rita Bento

Emirates Diving Association

2.1. Introduction

Study site description

The Musandam peninsula, also known as Ru’us al-Jibal, is an exclave of Oman separated from
Oman by the United Arab Emirates. It is situated on the Arabian peninsula in the Strait of
Hormuz, the narrow passage that links the Arabian Gulf (also known as the Persian Gulf) and
the Gulf of Oman (Rezai et al. 2004).

Figure 2.1a. Location of the Musandam peninsula in the Middle East.

The Persian Gulf is a shallow semi-enclosed basin measuring about 1,000 km by 200 - 300 km.
It has an average depth of 35 meters, dipping down towards the north to a maximum of about
60 meters near Iran, and inclined downwards to about 100 meters deep at its entrance in the
Strait of Hormuz, the only connection to the Gulf of Oman and the Indian Ocean (Sheppard et
al. 1992; Carpenter et al. 1997; McClanahan et al. 2000; Pilcher et al. 2000). As a result of its
shallow depth and restricted water exchange, the Persian Gulf is characterized by strong
variations in sea surface temperatures (SSTs), ranging from 12ºC in winter and 36ºC in the
summer, and high salinity values of 43 year-around (on the Practical Salinity Scale, PSS, which
has no units), hereby influencing water density, currents, water mixing, and a host of other
environmental parameters that therefore influence species composition (Price et al. 1993; Riegl
2001; Coles 2003). In contrast with the Persian Gulf, the Gulf of Oman and Arabian Sea are
deep seas (more than 2,000 meters deep) with more stable conditions (Wilson et al. 2002).
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The Arabian peninsula is among the hottest areas in the world, where temperatures above 49°C
have frequently been recorded at some weather stations in the region (SOMER 2003). The
extremely arid nature of the Arabian region, the high temperatures and the constant and
intensive sunshine, especially along the coastal areas, results in some parts in a lack of four
season variability.

The region lies at the edge of two global weather systems, the Asian and the North Africa
weather systems, whose fluctuations cause varied and severe environmental conditions, the
summers are hotter and the winters colder than most subtropical zones (Sheppard et al. 1992;
Carpenter et al. 1997; McClanahan et al. 2000).

Evaporation by dry winds is as intense in winter as it is during the hot summer. Over the whole
Persian Gulf, evaporation averages 144 to 500 cm/yr, most occurring in the shallow bays in the
south where evaporation locally exceeds 2000 cm/yr. In these shallow bays salinity exceeds 50
over hundreds of square km, exceeding even 70 in large expanses (McClanahan 2000). These
large evaporation rates over the Persian Gulf lead to the formation of a warm and salty water
masses, which flow into the Gulf of Oman through the Strait of Hormuz; the mass and salt
budget in the Gulf are closed by an inflow of Indian Ocean Surface Water coming from the
northern Arabian Sea (Figure 2.1b) (Pous et al. 2004).

Figure 2.1b. Major current patterns of the Persian Gulf and northern Arabian Sea (Reynolds 1993).

Tides in the Gulf of Oman and the Arabian Sea are oceanic in type where frictional effects are
minimal. Tide heights can range from 1.5 metres, in the Arabian Sea, to 2.5 metres in the Gulf
of Oman, being predominantly semi diurnal and correlating closely with that of the Indian
Ocean. But generally, tidal height is not very marked anywhere in the region, and ranges of 0.25
to 0.75 metres are most common although tidal height can rise near land, especially in the far
north and just outside the Strait of Hormuz (Sheppard et al. 1992).
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In the Gulf of Oman water temperatures are moderate in comparison to the Arabian Gulf.
Typical winter surface water temperatures fall to 22-23°C (minimum recorded of 12°C), while
summer temperature is characterised by a highly fluctuating regime caused by the rise and fall
of a shallow, but strong thermocline. Summer water temperatures range between 23-31°C
(maximum recorded of 35°C), and can often cover this range within one day (Rezai et al. 2004).
In the Arabian Sea the seasonally reversing winds induced by the monsoon create a strong
upwelling, which causes the remarkable, low sea temperatures off the southeast Arabia
peninsula in the hottest summer months (Sheppard et al. 1992; Carpenter et al. 1997). In the
Gulf of Oman the cool water influences are less constant, although occasional upwellings occur
and can replace surface waters very rapidly such that falls of up to 10°C over one or two days
can happen. Such upwellings have a significant impact on the marine ecology, and therefore
areas of reef development are few (Randall 1995; Spalding et al. 2001).

Salinity in the Gulf of Oman is generally at 36.5, but due to the influence of the Arabian Gulf
38.9 has been recorded in the surface waters of the Strait of Hormuz, in the Musandam
peninsula, to Ra’s Al-Hadd at the entrance to the Gulf of Oman (Rezai et al. 2004).

Salinity values experienced in the Persian Gulf exceeds the optimum range of coral reef in other
tropical regions in the Atlantic and Pacific that normally show a salinity interval of 35 to 37 and
an upper tolerance range between 40 and 45 (Price et al. 1993, Coles 2003). The SSTs values
observed in the Persian Gulf are the highest encountered worldwide on reefs, varying by up to
25ºC annually (Sheppard and Loughland 2002; Coles 2003). In other tropical regions the
changing range is normally 19ºC only, with the normal upper limits between 33ºC and 34ºC and
the lower limits between 13 to 16ºC (Coles 2003). Species that establish populations in the area
must therefore be capable of withstanding the stress of osmotic and temperature extremes.
Many major shallow water taxonomic groups and species that are prevalent at similar latitudes
elsewhere in the Indo-Pacific, and found in adjacent seas, are completely lacking in the area
(Carpenter et al. 1997).

Although thought not to be present in extreme conditions beyond 23.5° north and south of the
equator, the coral reefs found in the Arabian region are a unique example of adaptation by
marine organisms (SOMER 2003). The range of environment, latitude and geological formation
combine to produce very varied coral habitats within this region. This results in several different
coral communities, which are distributed according to geographic location and depth (Sheppard
et al. 1992).

Some corals have the ability to acclimatise by phenotypic changes to more stressful
environmental conditions, resulting in the readjustment of the organism’s tolerance levels. They
have evolved temperature thresholds close to the average upper temperatures of their area, so
thermal tolerance varies from region to region. Similar corals in each location live under quite
different temperature regimes and thus have different thermal tolerances (Grimsditch and Salm
2006, Marshall and Schuttenberg 2006). Corals and reef communities in some areas (such as
the Persian Gulf and Gulf of Oman) tolerate salinity and temperature conditions that are lethal
when imposed rapidly on the same species in less extreme environments (Baker et al. 2004,
Buddemeier et al. 2004, Riegl et al. 2006).

Rezai et al. (2004) describe coral communities of the Gulf of Oman and Arabian Sea as in good
condition, due in part to the mitigating effects of a summer upwelling that cools summer
seawater temperatures, possibly protecting the corals from bleaching.
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Rich coral communities such as Porites lutae, P. solida, Acropora valenciennesi and A. valida
were common from Musandam to the capital area of Oman (McClanahan et al. 2000; Sheppard
et al. 1992). Gonu affected colonies down to 7 meters with major impacts on Sinularia,
Sarcophyton and Acropora. By March 2008 there was significant re-growth of some soft coral
areas, although hard coral communities in shallow exposed areas have shown less resilience
(Wilkinson 2008).

The existence of a harmful algal bloom (HAB), caused by the algal species Cochlodinium
polykrikoides, between August 2008 and May 2009, when the marine life was still recovering
from the cyclone Gonu, significantly changed the habitats and biodiversity in the area. Both the
Persian Gulf and Gulf of Oman have a high phytoplankton biodiversity with 38 taxa potentially
bloom-forming or harmful (Subba-Rao and Al-Yamani 1998). The presence of C. polykrikoides
in the region was noticed for the first time during this period in 2008 and 2009. A pattern of
subsequent recurrence of C. polykrikoides blooms has been observed in other parts of the
world, suggesting that this species may become a persistent HAB problem in the region and
further monitoring and protection in Musandam is needed according to Richlen et al. (2010). It is
known that increasing human population and demand for resources and development is one of
the main reasons for the rise in the distribution and size of harmful algal blooms and dead
zones around the globe (Anderson 1997; Hinchley et al. 2007). Ballast water carried in ships
has also been recognised as one of the main vectors for the translocation of non-indigenous
marine organisms around the world. Based on preliminary analysis, it is suspected that the HAB
on the east coast of the UAE and Oman from August 2008 to May 2009 was due to a non-
native algae species and therefore that ballast water discharge was involved at some point
(Richlen et al. 2010).

Reef Check

Reef Check’s survey method uses simple techniques to collect scientifically robust data. This
methodology is specially designed for recreational divers that might not have scientific
background, so training has to be precise, rapid and understandable in order to guarantee that
organism identification is accurate (Hodgson et al. 2006).

To understand the health of a coral reef, Reef Check bases its data collection on “indicator
organisms” that are defined as organisms that reflect the conditions of the ecosystem. These
indicators can be individual species or even a family. The important thing is that each of these
indicators has an economic or ecological value, is sensitive to anthropogenic impacts and easy
to identify. A Reef Check team collects four types of data (Hodgson et al. 2006):

1. A site description referring to environment, socio-economic and human impact conditions;
2. Fish indicator species count;
3. Invertebrate indicator species count;
4. Recording different substrate types (including live and dead coral).

Data for points 2-4 are collected along a 100 metre transect, at two depth contours, between 2
to 5 metres and between 6 and 12 metres (Hodgson et al. 2006). Data for point 1 is collected
prior and after the dive.
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Aims and objectives

The primary aim of this project was to provide data on the health of the Musandam peninsula’s
coral reefs and current threats. With the beginning of this project in 2009 it was possible, for the
first time in Musandam, to collect data through Reef Check surveys in order to quantitatively
assess benthic and fish communities and anthropogenic impacts. The data collected are now
useful for comparison with the survey conducted in 2009, as well as future surveys, and to
provide data from Musandam for the global Reef Check database.

2.2. Methods

Site selection & sampling design

Between 12 and 23 October, 2010, 18 dive sites were surveyed using the Reef Check
methodology (Figure 2.2a). All sites were recorded by Global Positioning System (GPS) for
future comparative Reef Check surveys. All positions were collected in degrees, minutes and
seconds (Table 2.2a).

The chosen diving sites included well-known diving spots regularly visited by divers, areas that
are known for their importance to fisheries and areas where divers and fishermen are rare. With
this panoply of diving sites it was possible to have, for the first time, a general idea of the coral
reef health of the Musandam peninsula.

Training of expedition team members

All data were collected by team members that passed through an intensive Reef Check training
and testing procedure. Team members on the expedition were coordinated by a project scientist
and an expedition leader. The primary responsibilities of both were to train the 17 team
members in Reef Check methodology and also to coordinate and supervise the subsequent
surveys and data collection.

Survey procedures & data collection

The Reef Check survey protocol utilises two transects at depths between 2 - 5 metres (shallow)
and 6 - 12 metres (medium), chosen for practical reasons of dive duration and safety. Along
each depth interval, shallow and medium, four 20 metre long line transects are surveyed with a
5 metre space interval between transects. The distance between the start of the first transect
and end of the last transect is, therefore, 95 metres.

An ideal Reef Check team includes six members (three buddy pairs, each pair responsible for
fish, invertebrate and substrate data collection respectively) plus support crew, each with
different specialties and experience.

The Reef Check methodology is adapted by region, and the area used for this expedition was
the Indo-Pacific region. Full details of the methodology and regular updates can be found on the
Reef Check website www.reefcheck.org.

Note that during the second group of this expedition, surveys were only conducted between 2
and 5 metres. Therefore for the data analysis in this report only data from 2009 and 2010
collected between these depth ranges were used.
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Figure 2.2a. Location of the 18 dive survey sites around the Musandam peninsula.
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Site description

The Site Description Sheet includes basic information based on observational and historical
data regarding impacts and protection of the site. These data are important for interpreting local,
national and global trends in the dataset, especially to understand the impacts existing in the
area. When comparing the data with what was observed in 2009, an increase in all impacts
(except in sewage pollution) was noted. The only decrease found was in sewage pollution,
which changed from an impact above low pressure to an impact below low pressure. It is also
clear that the number of sites with tourist diving and snorkelling activities has increased from 9
to 16 sites, being 14 of the sites in 2010 with medium level of these activities (Table 2.3b). From
2009 to 2010 there was a significant increase (p<.05) in the level of invertebrate harvesting for
food from below low to above low (Figure 2.3b), as well as an increase in the level of tourist
diving and snorkelling (Figure 2.3c). A highly significant increase (p<.005) in
artisanal/recreational fishing was also noticed from low to almost medium level (Figure 2.3d).

As shown in Table 2.3b from 2009 to 2010 there has been a large increase in the number of
sites used for diving and snorkelling, with sites that showed no diving or snorkelling pressure in
2009, now showing medium pressure. At the same time commercial fishing pressure has
increased throughout from low to medium pressure (except in one site where pressure has
decreased from medium to low). These two negative trends are the most significant with
classifications reaching medium level in many sites.
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Table 2.3b. Level of known impacts found on the 18 dive sites surveyed in 2010. (Different values found in 2009 shown in
parentheses. Where an increase in impact level was noticed, the appropriate field is coloured red; where a decrease in level of
impacts was noticed the appropriate field is coloured green.)

Site name Harvest invert.
for food

Tourist diving/
snorkelling

Sewage
pollution Commercial fishing Artisanal/

Recreational

Lobster’s Demise Medium
(Low) Low None

(Low) Medium Medium
(Low)

Little Reef Check Medium
(Low) Medium None

(Low)
Medium
(Low)

Medium
(Low)

Ra’s Shuraytar None
(Low)

Medium
(None) Low Medium Low

Pipi Beach Medium
(Low) Medium Low

(medium) Medium Medium
(Low)

Coral Garden None
(Low) Medium Low Medium

(Low) Low

Eagle Ray Low Medium Low Low
(medium) Low

Khayl Island None
(Low)

Medium
(None) Low Medium

(Low) Low

Faqadar Bay Low Low
(None) Low Low Low

Ballerina Cliffs Low None
(Low) Low Low

(medium) Low

Death Valley Low None Medium Medium Low

Snapper’s Tragedy Low Medium
(None) Medium Medium Medium

(Low)

Rockface Bay Low Medium
(None) Low Medium Medium

(Low)

Khesa Medium
(Low) Medium Low None Low

Grouper’s Escape Medium
(None)

Medium
(None)

None
(Low) Medium Medium

(Low)

Cuttlefish Love Medium
(Low)

Medium
(None) Low Medium

(Low)
Medium
(Low)

Osprey Point Medium
(Low) Medium Low Medium

(Low)
Medium
(Low)

Gargoyle Cliffs Medium
(None)

Medium
(None) Low Medium

(Low)
Medium
(Low)

Habalayan Island Medium
(None)

Medium
(Low) Low Medium

(Low)
Medium
(Low)
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Figure 2.3a. Average level of impacts found in Musandam surveys during site description (0=none, 1=low, 2=medium and 3=high).
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Figure 2.3b. Average level of harvest invertebrates for food in 2009 and 2010 (0=none; 1=low; 2=medium; 3=high).
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Figure 2.3c. Average level of tourist diving/ snorkelling in 2009 and 2010 (0=none; 1=low; 2=medium; 3=high).
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Figure 2.3d. Average level of artisanal / recreational fishing in 2009 and 2010 (0= none; 1= low; 2= medium; 3= high).
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Fish community

In both the 2009 and 2010 expeditions, snappers and butterflyfish were the most abundant
species seen on transects from the six categories of indicator fish counted in the Reef Check
methodology for this expedition (19.8 ± 3.6 and 12.8 ±0.9 per 100 m2 respectively for 2010).
The next most abundant were, as in 2009, the parrotfish (2.6 ± 0.4 per 100 m2), followed by
groupers (1.2 ± 1.3 per 100 m2). Sweetlips (0 ± 0 per 100 m2) and moray eels (0.07 ± 0.26 per
100 m2), which were again the least abundant with the only difference that in 2010 zero
sweetlips were counted (Figure 2.3e).

Significant differences were found when comparing the categories of fish over the two survey
years. The average number of groupers from 30 to 40 cm was significantly higher in 2010
compared to 2009, changing from a mean of 0.56 ± 0.1 per 100 m2 to 1.04 ± 0.1 per 100 m2

(p<.05) (Figure 2.3f). As consequence the number of groupers in general also increased from a
mean of 0.64 ± 0.1 per 100 m2 to 1.15 ± 0.1 (p<.05) (Figure 2.3g). Moray eels, on the other
hand, were less frequent in 2010 (mean of 0.07 ± 0.03 per 100 m2) than in 2009 (0.34 ± 0.08)
(p<.005) (Figure 2.3h).
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Figure 2.3e. Pooled average numbers of Reef Check indicator fish families per 100m2 seen in Musandam (N=68).
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Figure 2.3f. Average numbers of groupers from 30 to 40 cm per 100m2 transect, in 2009 and 2010.
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Figure 2.3g. Average numbers of groupers per 100m2 in 2009 and 2010
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Figure 2.3h. Average numbers of moray eels per 100m2 in 2009 and 2010.

Invertebrate community

At the invertebrates survey conducted in the 2010 expedition the Diadema urchin was again the
most abundant invertebrate in Musandam with an average number of 186 ± 132 per 100m2, a
little lower than in 2009 (216 ± 143 per 100m2). All the other invertebrates counted had an
average number below 2 in 100m2, as was also observed in 2009 (Figure 2.3i).

When comparing the invertebrates counted in 2009, with the counts from 2010, there are only
two significant differences, namely banded coral shrimp and sea cucumber average numbers
(p<.05). Banded coral shrimps increased from a mean of 0.2 ± 0.6 per 100m2 in 2009 to 0.6 ±
1.3 per 100m2 in 2010 (Figure 2.3j). Sea cucumbers also showed an increase from 0.7 ± 2.2 per
100m2 n 2009 to 2.0 ± 3.4 per 100m2 in 2010 (Figure 2.3k).
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Figure 2.3i. Pooled average numbers of invertebrate indicators per 100m2.
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Figure 2.3j. Average number of banded coral shrimps per 100m2 in 2009 and 2010.
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Figure 2.3k. Average numbers of sea cucumbers per 100m2 in 2009 and 2010.

Substratum / benthic community

Regarding the 10 different substrate classifications done at each survey, the highest mean
average cover per 100m2 was of 42.5% ± 3.2 for hard coral (HC), followed by 22.6% ± 2.1 for
rock (RC), 17.5% ± 2.2 for rubble (RB), 14.7% ± 1.8 for sand (SD), 1.4% ± 0.3 for others (OT),
0.8% ± 0.3 for silt (SI), 0.6% ± 0.5 for soft coral (SC), 0.6% ± 0.2 for recently killed coral (RKC),
0.5% ± 0.3 for nutrient indicator algae (NIA), and 0.04% ± 0.04 for sponges (SP) (Figure 2.3l).

Significant differences in the substrate mean percentage coverage, between 2009 and 2010,
occurred mainly in an increase in nutrient indicator algae (NIA), rock (RC) and other (OT). NIA
showed an increase from 0% mean percentage coverage per 100m2 in 2009 to a mean
percentage coverage of 0.5% ± 0.3 in 2010 (p<.05) (Figure 2.3m). An increase was also
observed in OT from a mean percentage coverage per 100m2 of 0.13% ± 0.1 in 2009 to a mean
percentage coverage of 1.4% ± 0.3 in 2010 (p<.001) (Figure 2.3n). A decrease in RC cover per
100m2 was seen from a mean percentage cover of 34.9% ± 3.0 in 2009 to a mean percentage
cover of 22.6% ± 2.1 in 2010 (p<.005) (Figure 2.3o).


