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Jebel Samhan, An Exploratory Cruise to a Magnificent Ecosystem in Dhofar

With an area of 4,500 km?, the Jebel Samhan Reserve in Dhofar Governorate is the largest protected
area in the Sultanate of Oman. The famous Jebel Samhan is located there. Characterized by complex
terrain, comprising Jebel Samhan and its deep valleys, and an overlook on the sea from the east, the Re-
serve is one of the most important protected areas in the Sultanate, embracing unique diverse flora and
fauna. Some animals, such as the Arabian leopard, the finest mammal in the Arabian Peninsula, cannot be
found elsewhere except in the Reserve.

The fieldwork trip to study the biodiversity of Jebel Samhan faced many difficulties and challenges. The
fact is that many parts of the Reserve were not examined thoroughly; particularly the eastern part adja-
cent to the Hasik area. The previous studies focused on tracking the Arabian leopard and Dhofar flora,
including plants of the Reserve. There are still virgin parts abundant with biodiversity that require a lot of
effort to study and reveal secrets thereof. The expedition was both arduous and enjoyable. It revealed a
lot of ecological treasures and touched on many social aspects, lifestyle and distribution of the popula-
tion in the Reserve. It also monitored a lot of biodiversity, plant and animal life as well as rare species of
freshwater fish.

The NFRCEC research team that worked in the Jebel Samhan Reserve still hopes to complete the jour-
ney of research and challenge to discover more environmental treasures that are still waiting to unvell,
and continue the story of research and love of adventure. This book reviews an eight-month uninter-
rupted journey and tackles the previous social and economic studies conducted on the Reserve. It doc-
uments some environmental ingredients data that were monitored by hidden cameras, traps and direct
photography.

We hope that this book will be a precious addition to the field of scientific research, and to be a solid
basis for those researchers who have a passion for adventure and research throughout of the Jebel
Samhan Reserve.

Dr Saif bin Rashid al Shagsi
Chief Executive Officer

National Field Research Centre
for Environmental Conservation
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Jebel Samhan, An Exploratory Cruise to a Magnificent Ecosystem

Appropriate environmental ingredients, climate and terrain uniquely characterize each environment. Some envi-
ronments have very rich flora and fauna biodiversity. Some others lack such biodiversity except for adequately
rare and adapted species. Certain environments may contain abundant biodiversity and discrepant species. This
type of environment has unique elements that have provided safe and attractive sanctuaries and habitat for
this biodiversity, offering a decent livelihood including shelter, food and security. Such distinct environments
become a goal for researchers, an integrated school for scientists and interested people, and a tempting desti-
nation for visitors and tourists.

Talking about such rich integrated environments brings to mind the Jebel Samhan Reserve, located in Dhofar
Governorate. Established by the Royal Decree No. (48/97), it is the largest reserve in Oman with an area of 4,500
km2. It accommodates the finest mammals in the Arabian Peninsula, including the Arabian leopard, a member of
the Felidae family, along with other living organisms.

Still a pristine environment with an integrated food chain, the Jebel Samhan Reserve contains an enormous trea-
sure of unexplored and untouched creatures, as well as opportunities to discover new species of flora, fauna
and small aquatic organisms that demonstrate the integrity and validity of the protected ecosystem of Jebel
Samhan. In spite of all this, the natural and human threats are beginning to emerge at the expense of some of
the environmental elements in the reserve. However, the research and protection program adopted by some
concerned parties, including the National Field Research Center for Environmental Conservation (NFRCEC) is
set to control such threats.

In collaboration with Earthwatch environmental organization, NFRCEC is focusing on exploring the Jebel Sam-
han Reserve through a team of field researchers, including a host of scientists and researchers from different
disciplines. Many fauna and flora organisms have been scanned registered and documented using appropriate
field tools. This book reviews the work in the Reserve, formulated in an interesting story that narrates the ef-
forts made, the difficulties and challenges faced and results thereof, substantiated with data and photos select-
ed from the field research work in the Jebel Samhan Reserve.

We hope that this book will be an insightful and valuable contribution to the scientific arena in general and the
environmental landscape in particular.

Khalid bin Hilal Al Busaidi

Minister of Diwan Of Royal Court
Chairman of the Board of Directors of
the National Field Research Centre for

Environmental Conservation
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1. Infroduction

Under the wise leadership of His Majesty Sultan Qaboos Bin Said, the Sultanate of Oman was
one of the first states in Arabia to establish extensive conservation reserves and protected
areas, underpinned by policies intfended to foster environmental sustainability in economic
development. In this book, we focus on one of the key challenges to achieving environ-
mental conservation, namely, successfully conducting the primary research that is critical to
informing the development and implementation of strategies for conserving biodiversity and
natural habitats.

This book tells the story of how one team of Omani and international researchers designed and
initiated a project to explore the biodiversity of one of Oman’s most unique natural environ-
ments - the Jebel Samhan Nature Reserve in Dhofar. It charts the challenges and successes
of this project and shares the extraordinary experience of working in the majestic landscapes
of Jebel Samhan.

Specifically, we examine how the team, working under the auspices of the National Field Re-
search Centre for Environmental Conservation (NFRCEC) in collaboration with partner institu-
tions, established project goals, selected arange of complementary research activities to ad-
dress these goals, and finally, how these activities were implemented. Most importantly, the
major findings of these studies, and the new insights they have given into the region’s unique
biodiversity and ecological systems, are presented for the first fime.

We hope that by highlighting the outstanding natural and cultural values of Jebel Samhan,
this book will help raise awareness about the importance and conservation value of this mag-
nificent region in the Sultanate of Oman.

Ecological systems

All over the world people are becoming increasingly aware of the need to protect and con-
serve biodiversity and natural habitats. In recent decades we have achieved a deep un-
derstanding of the interdependency between people and their environment, and now ac-



knowledge the risks that come from damaging the environmental systems that provide us with
clean air, water, shelter and food, as well as important aesthetic and cultural values.

While there is now broad international consensus that protection of the environment and its
sustainable development are global priorities, there is less agreement on how this might be
achieved, or what the most effective measures are for conserving particular ecological sys-
fems.

Ecological systems (ecosystems) can be defined in different ways, but fundamentally they
are composed of abiotic (non-living) and biotic (living) elements, these being the physical
environments and the organisms that live within them. Ecosystems may also be defined by the
dynamic processes that link their diverse elements, such as energy flows and nutrient cycles.

All individual species and habitats are com-
ponents of ecological systems. Therefore,
the best prospect for conserving individual
species comes from securing the integrity of
the systems that sustain.

To design effective measures to protect
and conserve ecological systems, scientists,
planners and policy makers need detailed
information about their occurrence, com-
position and function. Specifically, they
need to know how ecological systems work,
which habitats and species are associated
with them, and how these are affected by,
and respond to, a variety of external pres-
sures.

The ecological system



Most  importantly, conservationists
must gauge the health of an eco-
logical system to track whether eco-
logical health at a given location is
improving or declining over fime.
Consequently, effective long-term
conservation depends on establish-
ing a baseline of information about
specific systems, together with suc-
cessive reviews of their condition
through ongoing monitoring and
evaluation.

In this book we provide an overview
of how the project team have taken
important initial steps towards long-
term conservation of Jebel Samhan
ecological systems. It offers a rare
and privileged glimpse is given into
a hitherto little studied environment,
and also the local communities that
interact with it.

Jebel Samhan escarpment

We consider how these investigations can inform our understanding of jebel ecosystems in
Oman and strategies for their conservation management. We ask what lessons might be learnt
from implementing the approaches described in Jebel Samhan, and whether they may have
relevance to similar ecological systems elsewhere.



2. Jebel Samhan

Although Jebel Samhan is recognised as holding unique biodiversity value in Oman, and local
people may possess sophisticated environmental knowledge about it, few systematic studies
have been conducted on or around the Jebel. Rugged terrain and an unforgiving climate
confinue to be obstacles for conducting comprehensive environmental research. Although
some interesting environmental studies have been undertaken, these have generally had a
very limited focus, or occurred without reference to a wider research or conservation
strategy.!

The biophysical context

Jebel Samhan lies at the eastern end of
the Dhofar Mountains, a confinuous range
of mountains, highlands and escarpments
that extend along the southern coast of
Arabia.

These comprise mainly Cretaceous and
Tertiary limestones, overlaying much older
sandstone and basement rocks. At Jebel
Samhan, these limestones have been ftilted
and uplifted into steep escarpments rising
from the coastal plain and extend for 70
km along a southwest-northeast orienta-
tion before intersecting with the coastline.
At its highest peak, Jebel Samhan rises to

Location of Jebel Samhan in Oman

TA primary reference for the ecology of the Dhofar Mountains remains the Dhofar Flora and Fauna Survey of 1977. While extensive in scope
and a foundation for much future understanding of the Dhofar Mountains, the survey was limited to six weeks in duration and was therefore
based upon limited sampling.



over 1,800 metres above sea level (m.a.s.l.). In-
land from the sheer escarpments, the Jebel runs
into a high limestone plateau which is dissected
by deep gorges and wadis. In contrast to the
steep southern escarpment, the plateau to the
north declines gently into the inland Nejd plain
of the desert interior.

One of the defining ecological features of the
Dhofar Mountains is the influence of the south-
west monsoon. Monsoon conditions arise in
Dhofar when high summer temperatures create
an area of low pressure over the deserts of Cen-
tral Asia, resulting in a strong airflow north along
the coast of Somalia and across the Arabian
Seaq, which induces an upwelling of cool water
on the coast of Dhofar.

As warm, moist air passes over the cool sea sur-

face it forms fog and low cloud, which produc-

es light rain as it ascends the slopes of the Dho-

far Mountains. This southwest monsoon (known Khalifa studying geclogy
locally as the khareef) usually lasts for two or three months an-
nually, sustaining seasonally green and fertile habitats.

During the months of July, August and September, the south-fac-
ing escarpments and slopes of the Dhofar Mountains become
blanketed in moisture laden clouds and mist. This condensa-

The southwest monsoon
current



Monsoon on Jebel Samhan

tion is an important source of water for moun-
tain vegetation, and for this reason the Dhofar
mountain woodlands have been described as
‘cloud forests’. These woodlands have been
classified as key sites for plant diversity and are
known to support a flora distinct from anywhere
else in Arabia, including 57 endemic species.
These communities are thought to be relicts of
vegetation communities that were once much
more widespread in southern Arabia.

The height and southwest-northeast orientation of Jebel Samhan means that monsoonal mists

and rain  are restricted to its southern escarpment (Figure 4). The mountain can be divided

into a number of ecological zones relating to climate, topography, vegetation and substrate

Jebel Samhan is characterised by a hot dry climate, although the highest elevations of the

Jebel along the escarpment are considerably cooler than the coastal plains below and the

Cross-section diagram showing ecological zones of the Jebel Samhan

blistering desert to the north. Temperatures in the lowlands, wadis, and lower slopes may ex-

ceed 45° Celsius during the summer months, and as temperatures rise between March and

June, so too does humidity.

Annual rainfall at the highest point of the escarpment has been recorded at 150 millimetres on



average per year, falling mainly during the monsoon months of July and August.

More rain falls lower on the southern slopes, since the top of the monsoon clouds usually reach
no higher than 1,500 metres. Other areas of the Dhofar Mountains influenced by the mon-
soon generally receive over 200 millimetres of rainfall annually. In contrast, the northern slopes
and Nejd receive only sporadic rain, which is associated with occasional storms that mainly
occur between February and April.

Jebel Samhan is recognised as a site of extraordinary natural value, not only for its imposing to-
pography, ancient geology and rugged landscapes, but also for the aforementioned ‘cloud
forest’ habitats of rare and endemic plant communities, including Boscia Arabica, Anogeissus

dhofarica, Pappea capensis and
Mytenus dhofarica. Deep wadis
that dissect the limestone plateau
also provide habits for unique
communities of vegetation includ-
ing the economically important
frankincense ftree (Boswellia so-
cra). Some wadis contain spring-
fed pools, which exist as oases of

biodiversity within the surrounding
aridity.  Communities of vegeto-
tion typical of desert habitats ex-
tend north onto the Nejd plains.

m—Rainfall This diversity of habitats, together
==="Maxtemp with the remote and rugged land-

scape, makes Jebel Samhan an

important refuge for wild animails,

Mean monthly rainfall and max tfemp at
the summit of Jebel Samhan (Directorate
General of Meteorology)

Jan Feb Mar Aprl May Jun Jul Aug Sept Oct Nov Dec



both herbivores and the carnivores that
hunt them. Most significantly, Jebel Sam-
han is home to one of the last populations of
the critically endangered Arabian leopard
(Panthera pardus nimr)2.

The natural prey of the leopard and other
predators includes herbivores such as the
Nubian ibex (Capra nubiana) and the Ara-
bian gazelle (Gazella gazella), also listed as
threatened species, and the rock hyrax (Pro-
cavia capensis) and the Cape hare (Lepus
capensis), together with other smaller mam-
mals known to exist on the Jebel.

The human context

Owing to its relative aridity and scarcity of
natural resources, and it's inaccessibility,
Jebel Samhan currently has no permanent
human settlements. Yet, for millennia the
Jebel has been an important centre for the
production of frankincense, and ample ar-
chaeological and documentary evidence
exists for the historical frade in this commod-
ity with ancient Mesopotamia and other
destinations.

Although there are no permanent settle-
ments high on Jebel Samhan itself, there are
a number of communities resident around

the mountain which make use of its resourc-
es, as they have historically always done.
Those with the most regular interaction with
Jebel Samhan environments are the Jebel
tfribes, who have a long history of seasonal-
ly herding livestock (principally goats and
camels) onto the Jebel to access available
forage and other resources. These Jeb-
el fribes have a rich material and linguistic
culture and are native speakers of Jebali, a
non-Arabic Semitic language thought to be
related to the archaic South Arabian lan-
guages that pre-date modern Arabic.

Some of the Jebel fribes (whose people, like
their language, are known as Jebali) live in
vilages in the monsoon affected highlands
to the west of the Jebel, while others have
established small clan-based settlements in
the wadis below the southern escarpment.
Although traditionally livestock herders, to-
day many of these households receive in-
comes from employed family members,
but livestock herding remains an important
supplementary activity. Following seasonal
rains in the foothills, on the escarpment or
elsewhere, herders establish temporary live-
stock camps at good foraging locations.

The coastal settlements of Hasik and Had-
been stand at the foot of Jebel Samhan,

2The Arabian Leopard has been listed as Critically Endangered on the IUCN Red List since 1996.



southeast and east of the mountain, respectively. Although these encompass considerable
populations, many households in these communities primarily focus on fishing and marine har-
vesting, and therefore have limited interaction with the Jebel above.

Primary access onto Jebel Samhan from the north is via the major wadis that bisect the north-
ern slopes and run onto the Nejd plain. Historically, and still today, Bedouin from the Nejd
move up these wadis to establish seasonal grazing camps if conditions are favourable.

The institutional context

In recognition of the striking landscapes
and unique biodiversity of the Jebel
Samhan, it was established as a Natu-
ral Reserve by Royal Decree (no. 48/97)
in 1997. At 4,500 km?, the Reserve is
Oman’s largest conservation areaq, ifs
boundaries extending from the high es-
carpment to the dry Nejd plains to the
north. Jebel Samhan was, and remains,
the least developed and populated
area of the Dhofar Mountains and thus
offers the best prospect for long term
conservation.

The Jebel Samhan reserve

From its establishment, responsibility for administration of the Jebel Samhan Nature Reserve
has been held by the Conservation Section of the Ministry Of Environment and Climate Affairs
(MECA). This responsibility includes strategic planning for the Reserve, the enforcement of
regulations, and coordinating the work of rangers (many of them locals) in making environ-
mental observations and overseeing use of the Reserve. Consequently, MECA is the primary
institutional stakeholder in environmental conservation on Jebel Samhan.



Photo of Reserve boundary sign

Another key stakeholder is the
Arabian Leopard Survey, for
which Jebel Samhan has always
been a primary focus of activity.
Also established in 1997, within
the Office for Conservation of the
Environment of the Diwan of the
Royal Court (OCE), the objective
of the Survey is to investigate the
ecology of the leopard populo-
tion in Dhofar. The OCE team now
holds unrivalled expertise both in
the ecology of Jebel Samhan and
in the practicalities of undertaking
research in such a challenging en-
vironment. Through this work, the
team have also developed strong
links with Jebel communities. In
terms of public administration, the
area bounded by the Jebel Sam-

han Reserve spans three wilayat (provinces) in the Governorate of Dhofar: Mirbat (southwest),

Sadah (southeast) and Shalim (north).

Each of these institutional stakeholders offer particular strengths in supporting, advocating

and achieving effective conservation, and each has a significant role to play in addressing
identified threats to the integrity of ecological systems on Jebel Samhan.

Designing a successful fieldwork project relies upon clearly identifying the mission’s goals. The

primary objective of the NFRCEC Jebel Samhan project was to establish an inventory for spe-



3. Exploring the Jebel

cies diversity, an overview of habitat condition that would serve as a baseline against which
future ecological health could be measured and monitored. A second objective was to
deliver recommendations for zoning and conservation management of the entire Reserve,
informed by clearly identified ecological values and human land uses. The final objective,
building on the first, was to identify simple indicators for ecological health that would enable
conservation staff to monitor and respond to changing ecological conditfions.

These goals for the first stage of work at Jebel Samhan were considered appropriate to the
time and human resources available, and were designed to constitute a good foundation
upon which future investigations could build.

Building partnerships

From the outset of the project, it was essential to
ensure that the NFRCEC initiative complement-
ed the activities of other conservation stakehold-
ers already working on Jebel Samhan. While the
NFRCEC project would be undertaking pioneering
work, both MECA and the OCE have extensive ex-
perience of working on the Jebel and hold knowl-
edge of considerable value to the planning of a
new project. It was important to ensure that any
new initiatives supported and complemented,
rather than duplicated or contradicted, the exist-
ing research and conservation agendas of these
organisations. All three institutions recognised that
a coordinated approach to advocating for the  NFRCEC team in the field with MECA staff
conservation of Jebel Samhan stood the greatest
chance of success.



Project objectives and research plans were shared with these partner institutions, and refined
after subsequent discussions and suggestions. It was agreed that the NFRCEC project team
would host staff from both MECA and OCE in the field, to share ideas and methods, thus en-
hancing collaboration between the institutions. As the institution responsible for the manage-
ment of the Jebel Samhan Reserve, MECA issued the NFRCEC team with permits for conduct-
ing surveys and collecting samples. Detailed planning for field research then began.

Planning a multi-disciplinary study

It was clear during early planning stages of the project that available time and resources
would be insufficient to undertake an in-depth study of the entire 4,500 km? of the Reserve. It
was considered neither feasible, nor in fact necessary, since focusing studies in a single areq,
or random sampling across the Reserve, were practical alternative research strategies.

The project team decided to utilise a composite methodology, combining in-depth ecolog-
ical investigation of selected sites of high biodiversity value with more widespread sampling
across the whole Reserve. This combined approach offered several advantages in addressing
project goals.

Detailed studies and baseline inventories conducted in areas of primary ecological impor-
tance would allow for development of site-specific monitoring which would help track the
long-term ecological health of these sites and so contribute to their protection.

Larger scale Reserve-wide studies would allow for more extensive exploration of Jebel Sam-
han and the identification of new sites of ecological value. Although relatively superficial, a
Reserve-wide study would enable systematic comparison of ecological values and economic
use across sites. This would inform recommendations for zoning and prioritising conservation
management for the Jebel as a whole, and could be used to establish a framework for sub-
sequent investigations and data gathering.



Investigations and data collection encompassed both environmental and biological compo-
nents of ecological systems, together with the human interactions with these systems. Studies
focused on meteorological conditions and water quality as key environmental components,
and vegetation, birds, fish and mammails as biological components. Terrestrial invertebrates,
reptiles, and amphibians were recorded as incidental observations.

Key project research objectives and sfrategies

Research focus Objective Strategy

Locate and map water bodies, describe their ecological attributes
including vegetation, water chemistry and macro-invertebrates,
and determine how these change over time

Understand the distribution, attributes

A tic habitat :
quatic habitats and ecology of water bodies

Implement a vegetation mapping methodology that integrates on-
ground plot sampling with interpretation and analysis of remote
sensing data

Reptiles and amphib- | Sample the diversity of reptile and am- | Incidental observations and pitfall traps to capture and record
ians phibian species individuals

Understand and map the distribution of

Vegetation habitat : o :
egetation habitats vegetation communities and habitats

Determine the diversity of medium and
Medium and large large mammal species and their basic
EINEL activity patterns, and to create an inven-
tory of species

Use a combination of camera trapping and sign surveys (in-
cluding tracks, scat, sounds) and direct observations to record
attributes and activity patterns of medium and large mammals

Jebel Samhan
Exploring a Complex Ecosystem in Dhofar




Ethical research practices

For reasons of good research practice, and
because project work took place in a na-
tionally important conservation area, the re-
search tfeam committed to a number of eth-
ical principles when conducting research
activities.

Researchers committed wherever possible
to avoid, or minimise, harm or stress to an-
imals and plants, and collected a limited
number of specimens only when this was
absolutely necessary for species identifica-
tion. Inside the Jebel Samhan Reserve, the
team adhered strictly to regulations govern-
ing use of the protected area, and when
working with local people, permission was
first obtained from local Waliyat authorities.
The team only interviewed those who under-
stood the purpose of the project and who
had given their consent to participate, and
all socio-economic data were collected un-
der conditions of anonymity.

Logistics and safety

Given the size, relative isolation, challenging
topography and harsh climate of the study
area, Jebel Samhan constitutes a difficult
and potentially hazardous place to work,
necessitating careful logistical planning and
risk management.

It was clear the team needed a base of op-
eratfions on the Jebel. A permanent research
camp on the mountain, would have pre-
sented logistical difficulties with re-supply, as
well as the risk of potential infringements of
protected area regulations, so instead, an
operatfions base was established in the set-
flement of Hasik on the east coast. Not only
is the town located directly on the Reserve
boundary and in the shadow of Jebel Sam-
han, but it is also close to the Hasik Centre
for Environmental Research, a MECA base
for Jebel Samhan rangers, which offered
basic facilities to the project team.

Work was conducted on and around Jebel
Samhan through a combination of day trips
and overnight and multi-day camps.

The team developed an Emergency Re-
sponse Plan for study locations and all team
members received first aid tfraining for re-



Hasik base

mote areas. A number of safety protocols were observed when operating in the field; nobody
would work unaccompanied, with a minimum of two researchers working together, and field
teams would always would always carry short-wave radio and satellite communication devic-
es. When a team ascended to, or descended into, a site from which clear sky was not visible
(and therefore from which there was no satellite phone signal), an additional team member
with a working satellite phone would remain positioned in line of sight for radio contact with
the rest of the team. The team used multiple four-wheel drive cars for vehicle expeditions
into remote areas, mitigating the risk of breakdown or damage to vehicles on the punishing
terrain. Finally, before researchers departed on a multi-day expedition, they would inform a
responsible non-tfeam member of their intended destination, the locations of planned camp-
sites along the way, and when they expected to return to base.



Team sprawled in heat/ Photo of at camp —boiling billy

In the field

Fieldwork days began early and were large-
ly structured according to research activ-
ities, since some activities had to occur at
specific times.
and fish fraps was an early morning priority,
as animals left in traps too long after sunrise

Checking small mammal

could become heat stressed and die. Ear-
ly morning was also ideal for locating and
identifying animal tfracks left overnight. Like-
wise, bird surveys needed to be undertaken
shortly after sunrise or in the evening.

The cool hours of darkness are when many
creatures on Jebel Samhan become active.
To a fieldworker lying on a bedroll at night with
the stars above, the wilderness is rarely silent.
Small scuffling noises in dry bushes nearby
may signal the activities of a small mammal
and the likelihood of tiny tfracks in the sand the
next morning. The occasional dislodging of
loose rocks on the hillside above announces
the passage of a larger animal. The whoosh-
ing wings of a bat or night jar can be heard
overhead, and the yapping of a fox or small
wolf echoes through the wadi. Sometimes
glowing eyes are spotted skulking beyond
the circle of light cast by the fire, and on one
memorable evening the team heard the dis-
finctive cough of a leopard as it prowled the
surrounding darkness.

In the oppressive summer heat and humid-
ity, the team could only work productively
from sunrise until about 10.30 am, although
during cooler months work could continue
until midday. A second session of work in the
afternoon was useful for setting overnight
fraps or making exploratory visits to new ar-
eaqs.



Challenges of working on Jebel Samhan

Working in the Jebel Samhan Reserve is difficult and not for the faint hearted. The NFRCEC
fieldwork research team encountered many problems while undertaking the studies described
in this book.

The primary challenge is the physical inaccessibility of much of the Jebel. Topographically,
the Jebel composes high plateaus dissected by deep wadis, several hundred metres deep.
Moving laterally through this landscape is extremely hard and without helicopter insertion and
extraction, some parts of the Jebel are virtually impossible to visit. On more than one occasion,
the project team was prevented from reaching pre-selected study sites due to the difficulty of
the terrain. Obviously, this can bias sampling towards more accessible sites.

Heat and climatic factors also impeded research on the Jebel. Summer daytime tempera-
tures, especially in the eastern wadis, was consistently above 40° Celsius, and was exacerbats
ed by increasing humidity in the build-up to the khareef (the monsoon). Staying hydrated in
the field became a serious challenge, and working hours were invariably reduced. In contrast,
during the winter, researchers endured bitter cold at the upper elevations of Jebel Samhan.

The remote parts of the mountain harbour a considerable population of foreign workers, re-
ferred to as ‘Somalis’, engaged in the harvest of frankincense. Their presence made it unwise
to leave expensive equipment unattended for too long, and required basic security precau-
tions.

In order to become familiar with the environment and how best to work within it, the team was
initially reliant on colleagues from MECA and OCE. Over the years however, as the work of the
project continued, the NFRCEC team gained experience, knowledge, and confidence, until
eventually collaborating organisations came to learn from them.



4. The physical environment

Ecological studies on Jebel Samhan could only begin once the project team had devel-
oped a more sophisticated knowledge of the bio-physical attributes of the Reserve area, and
gained a ‘feel’ for the landscape. This was essential for informing more detailed planning
of research methods, and selection of appropriate sites for further investigation. This critical
familiarity of the research area was achieved through a series of consultations with partner
institutions and local people, a review of existing published data, and reconnaissance trips
around the mountain.

Wadi systems and the ‘lay of the land’

Even a cursory visit to Jebel Samhan makes clear that the water and drainage systems are key
to understanding the distribution of biodiversity around the mountain.

Initial reconnaissance visits by vehicle and on foot to explore the layout of the major wadi
systems were significant in informing the research team of the landscape of the Reserve. Re-
searchers confirmed that the Jebel
Samhan escarpment rises highest at its
western end and drops precipitously
into the sea in the east. The major wa-
dis draining the Jebel Samhan plateau
were found to drain northwest, per-
pendicular to the alignment of the es-
carpment. The heads of the upper trib-
utaries of the wadis dissect the plateau
right up to the edge of the escarpment.
However, in the east of Jebel Samhan
this situation changes, as the major wa-

The major wadi systems of the Jebel Samhan



dis instead drain eastwards, discharging into the sea running parallel to the escarpment. Nu-
merous small wadis and runnels (narrow channels) drain the steep lower slopes of the escarp-
ment southwards though the ancient foothills onto the coastal plain.

Evidence was seen for recent flooding and water flows in the beds of all major wadis, indi-
cating that they have been active in recent years. At some sites along the escaroment and
in the eastern wadis researchers noted spring lines, where water penetrating permeable or
fractured layers reaches impermeable rocks and emerges as springs.

Seasonality and hydrology of the Jebel Samhan

The wadi systems of Jebel Samhan are subject to two distinct water cycling processes; the
summer monsoon (khareef) and seasonal storm systems and cyclonic rainfall.

The influence of the summer monsoon is largely restricted to the slopes of the southern es-
carpment, which typically receive about 150-300 millimetres of rainfall annually. Hydrological
studies have shown that while most rainfall on the upper slopes drains off immediately, some
penetrates into the limestone and is usually discharged as springs on the lower slopes, approx-
imately two to five weeks after the monsoon.

Rainfall only reaches the interior of the mountain plateau following occasional heavy storms,
which mostly occur in late spring and early summer. Mean annual rainfall for the plateau has
been estimated at about 70 milimetres, and the lower lying Nejd plain receives much less.
While there is much less annual rainfall over the interior than the southern escarpment, when
rain events do occur inland they tend to be more intense. Rainfall over the interior either runs
off and drains into the major wadi catchments, or penetrates through softer rock strata until it
reaches harder rock and is diverted laterally to springs or perched aquifers3. Local anecdotal
reports suggest that the major northward draining wadis typically flow along some sections (at
least briefly) every six to eight years.

Permanent springs and pools fed by percolating water occur in a number of the Jebel’'s deep
wadis, with the most accessible in the eastern wadis (Wadi Hadhbaram and Wadi Raykhut).

3A perched aquifer is an aquifer that occurs above the regional water table when an impermeable layer of rock or sediment blocks water
travelling deeper, forcing it to collect above the main water table but still below the land surface



Pools and waterholes also occur in wadis to the north, where the groundwater table intersects
with the surface (notably at Wadi Andhur). It is not yet understood whether changes in water
level occur at these sites, and if so, whether this influenced by rainfall.

Oases of Biodiversity

Researchers were excited to discover in the arid landscapes of Jebel Samhan the occurrence
of permanent or semi-permanent water which creates ‘oases of biodiversity'. These are im-
portant habitats for aquatic species and plants, and the animals that feed on them or drink
the water, as well as for predators attracted by the presence of other animals. This realisa-
tion highlighted the importance of water and aquatic habitats to ecological systems around
the Jebel, and prompted the research team to select sites with permanent water as foci for
in-depth ecological studies. These sites are of high conservation value and require careful
management since they are potentially at risk of disturbance and degradation: the water
and associated vegetation not only attract wildlife, but also people and their domestic stock.
Establishing accurate baseline assessments of their condition is seen as imperative to future
conservation management.

The research tfeam selected the three parallel eastern wadis of Wadi Hadhbaram, Wadi
Raykhut and Wadi Samhan as core sites for in-depth ecological study. While permanent wa-
teris an important feature of these wadis, each has slightly different physical and hydrological
attributes, and thus they present a good opportunity for comparative study.

Meteorological parameters and climate

Whilst there is growing concern in the scientific community about the potential impacts of
long-term global climate change, it is known that even relatively short-term local climatic
variations can affect ecological systems and biodiversity. Tracking meteorological variables
through annual cycles can offer important insights into changing habitat conditions, such as
water availability and the life cycles of plant and animal species. Understanding how these
parameters change through the daily cycle can also offer insights into the daily activity pat-
terns and behaviours of species.



Aquatic habitat

The NFRCEC research team determined that establishing an accurate record of climatic con-
ditions would be essential to understanding what was happening at primary research sites,

both for the current project, but also for supporting long-term monitoring of the ecological
health of these sites.



The Directorate General of Meteorology in Oman collects, and makes publically available,
data from around the country through its extensive network of weather stations. The closest
of these to the eastern wadis of Jebel Samhan are still long distances from the team’s chosen
research sites (60-80 km), and are subject to localised climates which are different to that of
the eastern wadis.

After discussion with project collaborators at MECA, the team erected a project weather sta-
tion on the roof of the Centre for Environmental Research in Hasik. Although this was not an
ideal location (it is up to 15 km from the furthest study sites and outside the wadi system which
shapes micro-climates), it would stand at the foot of the eastern slopes of Jebel Samhan and
would be totally accessible and secure from damage by people or animals. Siting the weath-
er station at Hasik also had the unexpected benefit of engaging MECA more directly into this
aspect of the team’s environmental research.

The research team used the weather station to document key meterological parameters at
hourly intervals, including air temperature, humidity, rainfall, wind speed and direction, atmo-
spheric pressure, and solar radiation. Researchers found that the camera traps being used to
document animals also had the capability to record ambient temperature at the time photos
were taken, which enabled a useful comparison between temperatures recorded in Hasik
and actual temperatures at research sites.



5. Plant communities and habitat diversity

Vegetation is an important component in every ecosystem. By synthesising organic com-
pounds from the atmosphere and soil using light, plants are the foundation of the food chain
upon which other species rely. As well as providing a source of food for animals, plants can
offer shade, shelter, and be a source and store of water. Importantly, in arid mountain envi-
ronments such as Jebel Samhan, plants help bind soils, increasing landscape stability and
countering water and wind erosion. They also increase the penetration of rainfall into soil or
rock substrates, decreasing run-off and increasing storage and recharge of groundwater. Ac-
cordingly, the diversity and abundance of plant life on Jebel Samhan is critical to the habitats
that support communities of species. As there had previously been little systematic study of
vegetation across the landscape, this would be a pioneering endeavour.

Landsat 8



The story of how the Jebel Samhan vegetation study was undertaken begins not on
the mountain itself, but approximately 700 km above the earth, with the Landsat 8 saf-
ellite. For over forty years, the NOAA Landsat program has been acquiring imagery
of the earth which has had important applications for earth and life science studies
. Landsat’s sensors measure sunlight reflected from the earth in different bands of the elec-
fromagnetic spectrum. This reveals a lot about the earth’s surface, since different types of
surface cover reflect light differently - plants for example, reflect little visible light but more
infrared light. The resulting images can provide scientists with invaluable information about
environmental habitats and land cover in the location they are studying, before they even go
there.

When the research team began considering how best to explore the vegetation of Jebel
Samhan, Landsat imagery was the obvious place to start. While publically available Landsat
imagery is not of high resolution, it has the advantage of being free and easy to acquire.
However, a preliminary test comparing Landsat imagery with the higher resolution, and more
expensive, NASA MODIS (Moderate Resolution Imaging Spectroradiometer) satellite data re-
vealed a good correlation, indicating the Landsat results were accurate and sufficient for the
needs of the study.

Vegetation distribution and density - the pilot study

The project team wanted to understand the extent and density of vegetation cover on Jebel
Samhan and how this changed seasonally. A preliminary analysis was conducted to distin-
guish vegetation from surrounding surfaces by measuring its ‘greenness’ or condition. This pilot
study differentiated vegetation communities by measuring vegetation density.

In order to interpret what the Landsat results were ‘seeing’ on the ground, researchers visited
15 sites within the study area which contained different types of vegetation communities.

As noted earlier, the southwest monsoon has a considerable effect on vegetation in the areas
of the Dhofar mountains that it influences. Therefore, the pilot study encompassed data sets
from two points in the seasonal cycle: May (before the monsoon) and September (the end of
the monsoon).



Overall, results revealed that both before and after the 2014 monsoon, Jebel Samhan had
much less vegetation than the neighbouring Jebel Qara to the west, reflecting the lesser in-
fluence of the monsoon. The densest vegetation was distributed on the southern slopes of
the escarpment, the only area of the mountain touched by the monsoon. There, vegetation
density increased significantly after the monsoon. Elsewhere, on the the dry plateau and the
northern slopes, vegetation density was much lower and mainly confined to the wadi systems.
There was relatively little change in the distribution and density of this vegetation between
May and September 2014.

As an experiment, the pilot study
proved successful. Not only did the
research team learn much about
the distribution of vegetation and
the effects of the monsoon on Jeb-
el Samhan, but the results demon-
strated that remote sensing in
combination with ground truthing
holds potential for mapping veg-
etation communities at a broad
scale. But would these techniques
be sufficently sensitive to distinguish
between different plant communi-
ties among the sparse vegetation
of Jebel Samhan? And how could
the study be sure to encompass all
the different types of vegetation
communities found around the

mountaine , '
Vegetation density before the

monsoon (2014)



Vegetation and habitat mapping

Preparing a detailed vegetation map of the
4,500km? Jebel Samhan Reserve was essen-
tial to understanding the distribution of hab-
itats across the Jebel landscape. It would
prove to be a challenging undertaking, re-
quiring a great deal of planning, as well as
an adaptive process of ‘trial and error’ to
determine the best approach.

On the ground, the team faced two
key challenges: first, how to ensure that
‘ground-truthing’ would adequately cap-
ture all major habitats and vegetation com-
munities represented in the study area, and
second, once vegetation communities had
been found and described, how to ade-
quately group the species that occur in
association, so establishing a classification
of plant communities.

The first challenge meant much more field-
work would be required than during the pi-
lot study: a higher number of ground-truthed
samples, and comprehensive standardised
data from each sample site would need to
be collected. A methodology was devel-
oped, using test plots of 30 m? sampled at
regular intervals along wadi beds and Jebel
highlands. In total, 173 plots were sampled
across the Jebel Samhan Reserve, encom-
passing a wide range of habitats and envi-
ronmental conditions. As well as identifying
and recording all plant species represented
within each sample plot and their abun-
dance, a number of additional environmen-
tal factors, and assessments of vegetation
condition, were documented.

Travelling onto the monsoonal southern
slopes and far into the interior regions of
the Jebel from the north, researchers found
many plants which they had previously only
seen in reference books, and were also able
to record rare and endemic species such as
Raphionacme arabica and Rhytidocaulon
fuller.

Team mapping vegetation



The team also observed many wild animals
in their natural habitats, including rock hyrax,
gazelle and ibex, for whom mountain vege-
tation is the main source of sustenance.

The sample plots were completed after
several months of sustained effort, and the
field tfeam acquired a sophisticated knowl-
edge of the vegetation of Jebel Samhan. Six
species of Acacia frees were found on the
mountain, but also frankincense (Boswellia
sacral), Ficus spp., and two species of Ziziphu
free. In the south of the Reserve, the main
shrubs documented were Commiphora spp
and Gaillionia aucheri, while in the north
Merremia somalensis and Convolvulus spp.
shrubs were more common. A high diversi-
ty of ground level perennials and annuals
were found with Lavandula spp., Salvia sp.,
and Trichodesma laccophilum being typical
of the higher elevations and dry plateau.
The wadis in the south were characterised
by Blepharis scindica, Polycarpaea spicata
and Kelleronia gilettae, and the wadis in the
north by Pulicaria undulata, Limonium axil-
lare and Crotalaria aegyptiaca. Twenty spe-
cies of grass were recorded from the families
Poaceae, Cyperaceae and Juncaceae.

Overall, the vegetation survey recorded 250
different plant species from 55 plant families
and discovered one possible new species
of Asteraceae’. The team found an aver-
age of 12 species per sample plot, although
some plots contained no plants at all, and
the most diverse had 26 different species.
The highest plant density was found in loca-
tions with permanent water, where research-
ers consistently found more than 20 species
per plot. This finding justified the selection of
the eastern wadis (Wadi Hadhbaram, Wadi
Raykhut and Wadi Samhan) as the core sites
for in-depth ecological studies.

The new species

SAt the time of writing this plant remains unidentified and requires further investigation.



After completion of fieldwork, the next task was to analyse the composition and abundance
of species recorded in the 173 plots to generate a classification of plant communities found
on Jebel Samhan. This involved conducting a complex statistical ‘cluster analysis’¢, the result
of which was the designation of 20 habitat ‘classes’ for the area of the Jebel Samhan Reserve.

The final stage of the study involved a return to the Landsat imagery to differentiate the spec-
tral reflectance’ of vegetation. The process was used to distinguish the 20 individual habitat
classes from each other (and from non-vegetated land) by the unique reflectance signatures
of their composite vegetation.

The result of months of concerted effort was the production of the first ever vegetation map
for Jebel Samhan. It will stand among the greatest successes of the Jebel Samhan Biodiversity
and Conservation project and was an exciting achievement for the research team.

SA statistical fechnique using software for multivariate analysis and the ordination of ecological data.

/A measure of the effectiveness of materials (here plant surfaces) in reflecting radiant energy.



6. Aquatic habitats

In the harsh, arid environment of Jebel Samhan, water not only supports aquatic habitats but
is also an important factor in the distribution of terrestrial biodiversity.

Initial exploratory visits revealed numerous springs, rock pools and even flooded sections of
wadi, with many persisting through much of the year as permanent or semi-permanent bod-
ies of water. The reasons for their occurrence is a topic for study in itself, but it is clear that a
combination of geological and climatic factors are responsible.

Selection of the eastern wadis as the foci for in-depth studies is to a large degree related to
the occurrence of semi-permanent and permanent waters within them, creating localised
‘oases of biodiversity’ that support rich communities of plants and animals. However, more
surprising to researchers was that in addition to sustaining terrestrial communities, these water
bodies were aquatic habitats in their own right, containing algae, plants, invertebrates, and
even fish.

Since the biodiversity of the eastern wadis depends either directly or indirectly upon the avail-
ability of water, the team realised that water bodies make an important contribution to the
ecological health of the Jebel Samhan, and that fluctuations in water quantity and quality
may have far-reaching ecological impact. Consequently, these water bodies deserved study
in their own right, in order to inform planning for their future protection.

Some water bodies on Jebel Samhan had previously been examined and in 2002, new species
of fish had been collected from one location. However, there had not yet been a systematic
study of freshwater systems in the Jebel Samhan Reserve. Once again, the team was faced
with the exciting prospect of conducting fundamentally new research. What discoveries lay
ahead?



The study of aquatic habitats began with preliminary reconnaissance to identify the number

of water bodies in the eastern wadis, map their distribution, and describe their primary attri-

butes. The second stage was to explore their water chemistry, since water quality obviously

has implications for the ecosystem it supports. In addition to the abiotic attributes of water

bodies, the team would also study vegetation, invertebrates, and fish, all of which might be

indicators of ecological health.

The inclusion of aquatic habitats for
research posed logistical and prac-
tical challenges. Depending on the
season, some water bodies can be up
to 100 metres long and reach depths
of several metres. Consequently,
the inflatable ‘Jebel Boat’, normal-
ly crewed by two members of the
team, became an important piece of
equipment, both for collecting sam-
ples and specimens and for transiting
flooded sections of wadi. It was prob-
ably the first vessel ever launched on
the waters of the Jebel Samhan!

Spring on the wadi Raykhout



A tale of three wadis

The broad Wadi Samhan rises to the southwest for approximately 20 km, with its head on the
edge of the escarpment. The smooth alluvial material of the wadi bed and absence of veg-
etation provides evidence for regular flows. For some months after the summer storms and
monsoon, water accumulates in pools, and short flowing sections of the wadi emerge from
beneath the gravel bed.

The upper tributaries of Wadi Raykhout also extend to the very edge of the escarpment, ap-
proximately 30 km southeast of the wadi mouth. Like Wadi Samhan, there is clear evidence in
the smooth alluvial materials of the wadi bed for occasional flows. There are also some large
rock pools and sections of the wadi where subsurface flows rise from the gravel bed. Howev-
er, unlike Wadi Samhan, on the lower sections of the wadi some permanent springs discharge
from the limestone strata on the northern bank.

Wadi Hadhbaram is the shortest of the three wadis, and its upper tributaries extend into the dry
heart of the Jebel Samhan plateau. Visible evidence suggests that lows are irregular on the
upper parts of the catchment. However, like the neighbouring Wadi Raykhout, Wadi Hadh-
baram is primarily fed by the discharge of springs, so there are rock pools and a perennial flow
along the lower sections of the wadi. Although this flow visibly increases and abates through-
out the year, this permanent water creates a unique aquatic habitat, heavily vegetated with
Saccharum and Phragmites reeds.

Physical attributes of the water bodies

Once the primary water bodies of the eastern wadis had been named, geo-located with
GPS, and described, the next stage was to determine their physical and chemical attributes.
The primary objective was to ascertain the current condition of the water bodies and to un-
derstand if, and how, water conditions change throughout the year.



From this study, the research team were
able to confirm local reports that water lev-
els go through cycles of rising and declining
throughout the year. At a few locations, the
highest water levels were observed to oc-
cur during the winter months, and the low-
est during the summer. However, insufficient
data has been systematically collected from
across the catchments to verify this.

Having recorded the physical dimensions of
a water body, researchers tested a range of
other important parameters, such as water
temperature, dissolved oxygen, dissolved
solids, salinity, nitrates, and pH (acidity and
alkalinity).

Theresearch team also noted that thick algall
blooms covered the surface of some water
bodies for several weeks, reducing the pen-

etration of sunlight, and the exchange of
oxygen between water and air above the
water’'s surface. This phenomenon may be
an indication of heightened nutrient levels in
water bodies, but it is not yet clear whether
this occurs regularly in response to changes
in water chemistry, and therefore requires
ongoing monitoring and study.

The process of undertaking chemical tests
in the field proved quite difficult. First, the
chemicals involved had to be handled with
great care because of the potential danger
to the researchers handling them and be-
cause any spillage could pollute the waters
being tested. Second, the water testing kit
with its reagents and chemicals was quite
bulky, but also fragile, making it awkward to
carry any lengthy distance on foot. Finally,
some of the tests (particularly that for dis-
solved oxygen) were lengthy procedures,
and meant that testing a water body could
take more than half an hour. However, pro-
ficiency improved over time, and the team
trained institutional collaborators in these
valuable techniques.

NFRCEC and OCE staff testing
water quality



Aquatic macroinvertebrates

Aquatic macroinvertebrates are important
within the food chain and are common-
ly used as an indicator of water chemistry
and the ecological health of water bodies.
Species include the larvae of insects such
as mosquitoes, dragonflies and caddis flies,
which begin their lives in the water before
metamorphosing into adult forms of land
dwelling insects. Other aquatic macroin-
vertebrates are organisms such as beetles,
crustaceans, snails, and worms. As many of
these invertebrates are sensitive to changes
in pH, dissolved oxygen, temperature, salini-
ty, turbidity, and other changes in their hab-
itat, their presence or abundance within a
particular body of water can be taken as
an indicator that water quality parameters
lie within the ranges of their tolerance.

Water bodies in the eastern wadis were sam-
pled for aquatic macroinvertebrates. Re-
searchers used scoops to collect samples of
water, or passed fine nets or sieves through
vegetation and benthic layers, in different
areas of pools. Rather than enumerate in-
dividual species, which relies upon complex
identifications, the team chose instead to
record the diversity of each water body ac-
cording to the orders of macroinvertebrates
present.

Fish

Like macroinvertebrates, fish offer an indi-
cation of water quality. Furthermore, the
presence of certain species of fish may in-
dicate that water at a particular location is
permanent and never completely dries up,
or that the physical and chemical parame-
ters of the water never deviate outside the
range tolerable by fish. As with macroinver-
tebrates, the ‘rule of thumb'’ states that high
species diversity in a particular waterway
indicates that water quality conditions are
generally good.

Only a handful of freshwater fish species had
yet been recorded in Oman, which meant
there was high potential to expand existing
knowledge. Indeed, undertaking an inven-
tory of Jebel Samhan fish was to become
another of the significant achievements of
the project.

Catching the freshwater fish of Oman is not
as easy as one might expect. The main spe-
cies found on Jebel Samhan are fast swim-
ming and easily disturbed. Delays in the ar-
rival of specialist equipment meant that the
field team experienced some months of frus-
tration trying to catch fish with hand nets in
shallow waters.



In desperation, the team experimented with other ways to catch fish, and set up transects of
fish fraps made from plastic water bottles along one of the flooded sections of Wadi Hadh-
baram. However, even with the assistance of collaborators from MECA and other volunteer
researchers, the team had little success at first, only catching a few individuals of one species.
Who could ever forget the scene of a MECA colleague, a professional fisherman, sitting in the
Jebel Boat mournfully singing an old Omani fisherman's song, beseeching the fish to rise into
the team’s trapse

Just as the researchers were close to despair, the situation inexplicably changed and one

morning two fishing parties caught a combined total of 86 fish, more than all the previous

captures combined.
It is standard practice to measure and re-
cord the key dimensions of individual fish
caught, if possible identify the sex, and
to take photographs. The research team
took great care in this process to ensure
fish were not unduly stressed or harmed by
their experience. Indeed, during the en-
tire project, only a very small number of fish
were killed, and these were the few speci-
mens deliberately collected as samples for
reference collections.

Despite the excitement at breaking the
‘fishing drought’, the tfeam was only catch-
ing one small species of fish, the Arabian
MECA field staff studying an aquatic system from the Jebel Boat  killifish (Aphanius dispar), which was initially

caught in two of the eastern wadis and later found in all three. Only after capture techniques
had been modified was the thorn fish (Terapon Jarbua) added to the tally. Shortly afterwards
a third species, the river gobi (Aeowous aeneofuscus), was also caught. This, the team pre-
dicted, was where the fishing story ended.



These findings were already very interesting.
Although the killifish was well known in coast-
al areas of Arabia, the river gobi had only
previously been recorded in the north of
Oman. Furthermore, although the thorn fish
was also well known, it is recognised princi-
pally as a marine species in Arabia, and had
not been recorded in fresh water. Then the
team belatedly received delivery of a cast
net, and a fourth species of fish was unex-
pectedly caught, the flathead mullet (Mugil
cephalus). Like the thorn fish, the mullet is
known in Oman as a marine species, and
its discovery in the freshwater pools on Jeb-
el Samhan confirms that these wadis flood
along their length, connecting estuarine
and marine environments with the interior.
There was one other recently discovered
species (Garra smartii), that had previously
been recorded as living in the eastern wa-
dis, but which had not yet been caught by
the team. So the researchers persevered
with their efforts and explorations.

Late on a hot afternoon, researchers found
themselves at the edge of a very deep pool,
where the wadi narrowed and passed be-
tween two steep cliffs. Attempts to net fish
from a patch of reeds had proved unsuc-
cessful and as the group was preparing to

leave, one member of the team glimpsed
what appeared to be a ‘water snake’, swim-
ming deep in the murky waters. Scientific
curiosity had been aroused, and the team
returned the following day to set a long de-
layed delivery of three fish traps.

To everyone's surprise, the following morning
all three traps were packed tight with writh-
ing black eels. The eels were later identified
as the Indian mottled eel (Anguilla bengal-
ensis bengalensis), which was first recorded
in the Arabian peninsula in 2005, but no pri-
or record existed for Oman. Apart from the
eels, the fraps also contained some small
fish, damaged by the eels. These proved to
be the Garra smartii, for which the team had
originally been searching.

Freshwater Eels, a new record for Oman



All expectations had now been exceeded
and six species of freshwater fish had been
positively identified - but Jebel Samhan had
not yet given up all its secrets.

The six species of fish already identified were
found in freshwater systems that drained
into the sea. About 30 kilometres north of
Jebel Samhan, researchers had noted the
presence of fish at the Wadi Andhur pools
which are separated from these freshwa-
ter systems by mountains that had risen to
more than a kilometre in height 60 million
years ago. Could the fish in Wadi Andhur
have crossed this imposing watershed and
be the same species as those already found
in the eastern wadis? Or were they an isolat-
ed population, arelict from a fime when the
Nejd plains had been fertile grasslands with
many shallow waterholes?

There was some excitement on arrival at
the pools when a fish sighted appeared to
be different from those that had been seen
during the earlier vegetation mapping ex-
pedition. Could there be two fish species?

Traps were baited with tuna and set over-
night in reeds bordering the pools. The fol-
lowing morning they were retrieved full of
small fish. Each frap contained hundreds of

fish varying in size from just a few millimetresin
length, to over ten centimetres. This seemed
to be the explanation for the ‘second’ fish
species. In its larger, mature state, the fish
looked and behaved differently to its juve-
nile state. Traps set for an additional night
(to confirm there was no second species),
brought up hundreds more specimens of the
species already identified. One hundred fish
were measured and photographed, and
sample specimens were taken.

This fish has been identified as a Garra spe-
cies, but not one of the Garra currently re-
corded in Oman. Indeed, it has not been
identified as any of the hitherto described
species of Garra and thus the specimens
await expert examination.

There had been high expectations that the
investigation of fish on Jebel Samhan would
be rewarding. The team had optimistically
hoped to catch and identify three species
of freshwater fish, but went on to capture
and identify seven species, exceeding all ex-
pectations. With one new species for Oman,
and one potentially new species globally,
the team have confirmed the rich aquatic
biodiversity of Jebel Samhan.

On the arid Jebel Samhan, terrestrial fauna,
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7. Terrestrial fauna

including birds, is likely to account for the
majority of species. In terms of biomass and
species diversity, terrestrial fauna is dominat-
ed by invertebrates. As in all terrestrial en-
vironments, invertebrate species make im-
portant contributions fo ecosystem function,
by assisting decomposition, helping main-
tain soil structure, regulating other species,
and pollinating plants.

Mammals include the largest and most dis-
tinctive fauna on the mountain, including the
large carnivores at the top of food chains.
These apex predators can be considered
indicators for ecological health, since they
feed upon prey species which in turn de-
pend upon the integrity of the biotic and
abiotic conditions in their ecosystem. Small
mammals make important contributions to
ecosystem function by assisting in the germi-
nation and dispersal of plant seeds and by
being prey for other species.

Reptiles and amphibians also play key roles
within Jebel ecosystems and under some
circumstances can attain high population
densities. Some reptiles prey extensively on
small invertebrates such as mites, flies and
ants, helping to balance the pressures that
those swarming species can place on the
natural environment. Reptiles can be im-
portant prey species for larger carnivores
such as birds or mammals, and some, such
as snakes, are uniquely able to predate on
rodents and birds by entering small holes or
climbing trees.

The decision was taken to focus the study
of terrestrial fauna upon bird and mammal
species only. Invertebrate species are so nu-
merous that it would have been extremely
difficult in the time available to undertake
accurate identifications and build a com-
prehensive inventory of invertebrates. The
team decided that incidental observations
would be recorded and some ad hoc sam-
pling undertaken, but invertebrate species
would not be a focus for systematic study.
Likewise, reptile and amphibian studies
would be conducted in a similar manner.



Of many incidental observations of reptiles
by the team, one is particularly noteworthy
-the possible sighting of a Levantine viper
(Macrovipera lebetina), in a cave north of
Jebel Samhan. Photographs were taken of
the venomous snake and have been sent
for examination by an expert herpetologist.
If confirmed, this sighting will be the first re-

cord for this species in Oman. _
Levantine Viper

Birds

Birds are a useful indicator species for ecosystem health, because they are highly mobile and
reliant on habitats functioning in particular ways, which means they are very responsive to en-
vironmental change. The presence or absence of particular bird species, and the diversity of
species, can therefore indicate habitat quality. Number of bird species has also been shown
to correlate with diversity across other terrestrial vertebrate and invertebrate groups, and also
vegetation, making birds a useful indicator of overall biodiversity for an area. As indicator spe-
cies for ecological health, birds have significant advantages over almost all other vertebrates
because their distribution, ecology, and life histories are well known and understood, and they
are easy to identify and survey without specialist equipment.

Although bird surveys have of course been conducted in Oman, and species lists are avail-
able for the Dhofar region, there is much less accurate information about bird species in the
Dhofar Mountains and no previous studies have focused specifically on Jebel Samhan. The
main objective of the NFRCEC team in studying birdlife in the eastern wadis was to establish
a baseline inventory of species for the area which would form the basis for ongoing monitor-
ing. A secondary objective was to understand the relationship between the diversity of bird
species found in each of the three eastern wadis and the biophysical attributes of these en-
vironments.



The Bird survey

The study methods employed to survey birdlife were very simple and mainly consisted of sta-
tionary observations (point counts) made within a fixed radius, for a constant duration, at the

same time of day. Point counts were conducted at intervals along the length of each of the

eastern wadis. The most effective way to organise a point count survey was to divide the 360

degrees surrounding the designated survey point info a number of sectors, and assign each

sector exclusively to one or more observers. In addition to point counts, some survey fransects

were driven by vehicle, and incidental observations were recorded whilst the team was un-

dertaking other ecological studies.

Bird watching team

Typically, birding sessions
recorded between five
and 15 different species
within the allotted hour.

The team observed vari-
ations in species diversity
in different types of envi-
ronment. Within the wa-
dis themselves, aquat-
ic environments  with
thick reed beds, flowing
streams, and swarming
invertebrates drew the
most birdlife. In the high-
er, drier sections of wadis,
Acacia copses seemed
to attract the most early
morning bird activity.



Although it did not incorporate the bird mi-
gration season, the survey of the three east-
ern wadis recorded a total of 92 bird species
from 33 families, which amounts to nearly
a third of all bird species currently known
to occur in Dhofar. In Wadi Hadhbaram 63
species were recorded, 45 in Wadi Rayk-
hout, and 42 in Wadi Samhan.

The highest diversity of aquatic birds was ob-
served in Wadi Hadhbaram, which includ-
ed herons (Egretta gularis, Nycticorax nyc-
ticorax), crakes (Porzana spp.), moorhens
(Gallinula chloropus), and even kingfishers
(Alcedo atthis). The highest diversity of ter-
restrial species was recorded in Wadi Sam-
han, the driest of the three wadis, including
arboreal feeding species such as sunbirds
(Cinnyris spp.), bee-eaters (Merops spp.).
and wheatears (Oenanthe spp.). On rockier
terrain and wadi slopes, buntings (Emberiza
spp.). blacktail (Cercomela melanurus) and
sandgrouse (Pterocles spp) were common.
Ground birds such as the Arabian partridge
(Alectoris melanocephala) and sand par-
tridge (Ammoperdix heyi) were observed in
all three wadis, and laughing doves (Strep-
topelia senegalensis) and rock pigeons
(Columba livia) were also frequently record-
ed.

Birds

The eastern wadis also attract large raptors
hunting rock hyrax and other prey. These in-
clude Verreaux's eagle (Aquila verreauxii)
and Bonelli's eagle (Aquila fasciatus). A sin-
gle golden eagle (Aquila chrysaetos) was
also recorded, as were a pair of Egyptian
vultures (Neophron percnopterus) and other
smaller raptors.



On one memorable occasion, researchers were
observing a diverse group of birds at the estu-
ary of Wadi Hadhbaram. These included var-
ious species of heron, several waders, and a
magnificent osprey (Pandion haliaetus), which
stood devouring a fish it had seized from the wa-
ter. Suddenly, every bird in view simultaneously
fook flight and disappeared, even the powerful
osprey, which abandoned its fish. For several
moments the researchers were confused as to
the reason for this behaviour, until a pair of East-
ern imperial eagles (Aquila heliacal) suddenly
appeared, flying wingtip to wingtip low over the
estuary, before banking in formation towards
Jebel Samhan.

Small mammals

On Jebel Samhan, as in other environments, small mammals constitute one of the most im-
portant groups of mammals by biomass, making major contributions to ecosystem function. In
particular, small mammals contribute to vegetation composition within the landscape by con-
suming and hoarding seeds, thus assisting in seed dispersal. The burrowing of small mammals
in sandy areas can improve soil structure and porosity, while the presence of their faeces and
urine in underground burrows improves the nutrient content and fertility of sandy substrates.
Furthermore, small mammals can function as both predators and prey within food webs, feed-
ing on invertebrates as well as constituting an important prey species for medium and large
predators, such as foxes, genets, caracals, badgers and even the leopard.

The principle goal of the small mammal studies in the eastern wadis was to establish an in-
ventory of species as a baseline for future monitoring, but preliminary insights into species be-
haviours were also made.



Non-lethal Sherman fraps® were the
principal data gathering technique.
Around 40 traps were deployed for a
number of nights at approximately 20m
intervals throughout suspected small
mammal habitats. In documenting
captured animals, details of species,
sex, weight, and basic dimensions were
recorded and then the animals were
released.

Small mammal trapping achieved very
high capture rates, especially in Wadi
Hadhbaram, where in some locations
the success rate was as high as 80%.
During the first phase of trapping alone,
162 individual animals (of five species)
were caught in the eastern wadis.

While the research team took great care to avoid stressing, injuring or harming the
small mammals, the Sherman traps regularly atfracted the attention of predators.
Camera frap images from Wadi Senaq revealed a nocturnal fox’s intense interest in
an empty trap, presumably attracted by the scent of mice on the trap. On several
occasions researchers recovered traps which had been forced open by predators to
seize the live prey inside, and one frap was virtually destroyed, its steel panels buckled
and scratched in the grasp of incredibly powerful teeth and claws, possibly those of a

honey badger (Mellivora capensis).

8sherman fraps were invented in the 1920s, for the live capture of animals by biological science researchers. They are made of
eight hinged pieces of sheet metal, designed to be collapsible for ease of transport and storage.

Small mammal



Red foxs

Systematic trapping of small mammals continued for many months and provided an oppor-
tunity for visiting Omani colleagues to gain first-hand experience of interacting with, and han-
dling, wildlife in its natural environment. The most commonly captured small mammal through-
out the eastern wadis and across the Jebel was the nocturnal Arabian spiny mouse (Acomys
dimidiatus), with the golden spiny mouse (Acomys russatus) cohabitating in similar habitats,
but active by day. Jirds (Meriones sp.) were also captured, along with the gerbil (Gerbillus
sp), and the jerboa (Jaculus jaculus) was identified in a camera trap image. Specimens of
the black rat (Rattus rattus) were captured in lower Wadi Hadhbaram, possibly indicating the
proximity of human settlement at Hasik.

As more animals were caught, researchers quickly began to recognise the preferred habitats
of different species of small mammails, for example, mice favouring rocky habitats with plenty
of nesting crevices over heavily vegetated areas, and gerbils preferring sandy areas.



The diversity of small mammals trapped in the eastern
wadis matched the known potential range of species
for that area, and their abundance again confirmed
the extraordinary biodiversity of the area. However, an
additional and significant small mammal find came
during surveys conducted in other parts of the Jebel
Samhan Reserve.

Researchers captured and recorded four specimens
of the bushy tailed jird (Sekeetamys calurus) in three
localities across the Jebel Samhan Reserve. Although
the species is known to be widely distributed through
northeast Africa and northern Arabia, this was a first re-
cord for Oman. Two specimens were captured on the
high plateau of Jebel Samhan at 1,584 m.a.s.l., which is
almost a kilometre higher than previous records for the
species. This find was particularly exciting as the Sekee-
tamys calurus is the only species of the genus Sekee-
tamys, and so it represents the discovery of a whole
new genus of mammal in Oman.

Sekeetamys calurus, a new record for Oman

Researchers captured and recorded four specimens of the bushy tailed jird (Sekee-
famys calurus) in three localities across the Jebel Samhan Reserve. Although the spe-
cies is known to be widely distributed through northeast Africa and northern Arabia,
this was a first record for Oman. Two specimens were captured on the high plateau
of Jebel Samhan at 1,584 m.a.s.l., which is almost a kilometre higher than previous re-
cords for the species. This find was particularly exciting as the Sekeetamys calurus is the
only species of the genus Sekeetamys, and so it represents the discovery of a whole

new genus of mammal in Oman.



Medium and large mammails

The research team employed a combination of methods to ascertain the presence of medi-
um and large mammals, both within the eastern wadis and elsewhere around Jebel Samhan.
These included camera trapping and sign surveys, the latter entailing the identification of an-
imal tfracks and scat. All observations collected were collated to make a ‘species list’ for the
site, for inclusion in the Jebel Samhan Biodiversity Database.

A camera trap is a camera activated by a motion sensor. Once set in position, movement
in front of the camera (up to a certain distance) triggers the camera to capture an image.
Camera trapping wildlife is as much a skill as identifying animal tracks or scat. The real exper-
tise is knowing where to set the camera for the best chance of capturing passing animails. This
requires finding places with signs of regular animal activity or trying to predict routes animals
are likely to use, which the team found was often slopes, rocky shelves, or other out-of-the-
way places difficult and risky to access.

Camera traps can be left for long periods of time, up to several months if necessary. The team

placed 39 camera traps in a range of different sites throughout the eastern wadis for up to

two weeks duration.

NFRCEC researcher sets camera frap
The camera frapping campaign
achieved extraordinary success in
identifying mammals and their distribu-
tion through the eastern wadis. A total
of ten species were photographed.
Most commonly photographed was
the red fox (Vulpes vulpes) and the
rock hyrax (Procavia capensis), and
hyenas (Hyaena hyaena) were also
widespread. The porcupine (Hystrix in-
dica) appeared exclusively in Wadi



Samhan, the white tail mongoose (Ich-
neumia albicauda) was only recorded in
Wadi Hadhbaram, and the powerful honey
badger (Mellivora capensis) was seen main-
ly in Wadi Raykhout. Both wolves (Canis lu-
pus) and the Nubian ibex (Capra nubiana)
appeared most frequently in the drier wadis,
Wadi Samhan and Wadi Raykhout. The wild-
cat (Felis silvestris) and genet (Genetta ge-
netta) both proved quite elusive, but both
species were eventually photographed.

Sign surveys revealed a fremendous amount

. . . . Camera trap image of the Hyena
of information about the species inhabiting pimag /

and moving through the study sites, and us-

ing this technique on the wide gravel plains of the northern wadis, the team was able to find
both track and scat evidence for mountain gazelle (Gazella gazella) and the Cape hare
(Lepus capensis).

A favourite site in the Wadi Hadhbaram was a rock hyrax colony, at which the team,
en route into the wadi, could regularly observe these fascinating and very social ani-
mals. Hyraxes are generally elusive creatures. On one occasion, two team members
climbed the steep rock face to where a hyrax colony was situated, looking for evi-
dence of the animals or their activity. Higher and higher they searched, with a third
feam member watching from below, but other than latrines, the climbers failed to find
any other trace of the hyrax community. Disappointed, they slowly descended from
the mountain to join their colleague below. On arrival he showed them a photograph
he had taken of them high on slope —and standing unseen on a rock shelf immediate-
ly above their heads, watching them intently, was a large male hyrax!



Although they generally live in more
remote locations, ungulates were
easier to spot. The Nubian ibex oc-
cur primarily on the steep slopes
of wadis dissecting the high Jebel
Samhan plateau, only descending
occasionally, to drink from pools of
water. The research team often ob-
served mountain gazelle in the dry
wadis below the southern slopes
of Jebel Samhan. However, the
gazelle were seen most frequently
in the broad wadis draining north
from Jebel Samhan onto the Nejd,
where they live in small herds and
cross the intervening highlands to
move laterally between wadis.

Inquisitive foxes were frequent visi-
tors to the research camps at night,
their eyes glittering from reflected
torchlight or the flickering of the
camp fire.

Mountain Gazelles on the
Jebel Samhan



8. People, natural resources, and land use

From the very outset of studies at Jebel Samhan, it was clear to researchers that human ac-
tivities were having significant impacts upon the natural environment and its ecosystems.
However, it was also understood that the natural resources of the Jebel contributed to local
livelihoods, as they have for millennia. This highlights the conundrum that lies at the core of
conservation initiatives worldwide: finding the appropriate balance between the needs of
human development and ecological sustainability.

It was important to achieve a better understanding of how and why people interact with the
Jebel Samhan environment, and the extent to which these activities still contribute to liveli-
hoods, so an investigation into the socio-economic organisation and land-use of local com-
munities was given high priority.

Conducted in collaboration with MECA the survey encompassed approximately one-fifth of
all households living in proximity to Jebel Samhan and utilising its resources. The data sets
collected were designed to enable statistical analysis to explore the relationships between
different aspects of livelihoods, land-use, and economic decision making.

The sample survey took the project team to all the communities that live on and around Jebel
Samhan: to mountain settlements, coastal vilages and camel camps established deep within
the northern wadis. Through these visits, team members were able to learn more about the
livelihoods and land-use activities of the men, women, and children of the Jebel.

Change and development on the Jebel

The research team found that most communities around Jebel Samhan were in transition, be-
tween a traditional way of life and one based upon waged employment and participating
in the market economy. This process of change had begun with the ascent of His Majesty
Sultan Qaboos Bin Said in the early 1970s and continued in the decades of development and
prosperity that followed. Former nomadic communities became increasingly setftled to take
advantage of new services such as healthcare, schools, wells, and public housing. Simulta-



neously, opportunities for waged employment grew, and a strong centralised government
emerged to replace some of the functions of environmental governance previously under-
taken by local tribes.

Evidence suggests that there was no immediate decline in pastoral activities in the early stag-
es of the transition between traditional and modern livelihoods. Indeed, the new sources of
income available meant households could afford to hire cheap expatriate labour o manage
herds while men of the household were away working, to invest in new technologies such as
water trucks, and buy supplementary feeds for the herds. Indeed, this period of growing pros-
perity in Oman fuelled consumer demand for meat, and the number of livestock in Dhofar
subsequently increased rapidly. By 1994, a land-use study conducted in Dhofar claimed that
the former equilibrium that had existed between people and their natural environment in the
Dhofar Mountains had been lost?. The study concluded that the then population of camels
and goats exceeded local forage availability by about 30%.

Socio-economics and livelihoods

The initial goal was to identify the current status of livelihoods around Jebel Samhan. Ex-
amining key socio-economic indicators such as household population structures, education,
and household nutrition, the tfeam found that there is still a strong traditional ethos in the way
that Jebel Samhan communities live, despite waged employment having outstripped other
livelihood activities as the primary household income. The team found nearly all households
around Jebel Samhan now receive waged incomes, with the public sector and military ac-
counting for nearly two thirds of all employment.

The research team also noted some significant socio-economic differences between commu-
nities of Jebel Samhan. Coastal communities to the southeast of the mountain (i.e. Hadbeen
and Hasik) supplement waged incomes with rich marine harvests and fishing. On the wadis
in the north of the Jebel, settled Bedouin communities generally have higher employment
prospects and household incomes, because of their proximity to the petroleum industry and
related service companies on the Nejd plains.

Travers Morgan Oman (1994) Land use study in Dhofar - Main Report



The team also noted that dietary
preferences across the Jebel in-
clude high proportions of tradi-
tional pastoral foodstuffs such as
dairy and red meat, and that this
frend is most pronounced among
the Jebali communities.

Herder's camp on Jebel Samhan

Just under half of all households on the Jebel continue the traditional practice of seasonally
relocating some household members to other areas of the jebel to exploit natural resources,
most commonly to herd livestock. We found that this practice remains most common among
the Jebalis. However, where herd owners are engaged in waged employment, their animals
are now usually herded by expatriate labourers.

Livestock and land-use

The primary livestock types on and around the Jebel are camels and goats, although cat-
tle are also present in the villages west of Jebel Samhan. Despite the fransition to employ-
ment-based incomes, ownership of livestock on and around the Jebel remains very high:
during the survey researchers documented 4,756 camels and 20,681 goats.

The highest proportion of domestic livestock around Jebel Samhan is owned by the Jebali
communities of the south, and the least by the coastal communities of the east. Howev-
er, when the structure and productivity of herds was investigated, most were found to have
low productivity and usually made little monetary income for their owners. Indeed, livestock
ownership came with the high cost of supplementary feeds required to sustain herds through



much of the year. Even so, most households owned far more animals than needed to supply
the family with meat and livestock products. This raises the obvious question: if livestock don’t
make a monetary contribution to the household, why do the people of the Jebel keep so
many animalse This question is hard to answer from our data analyses alone.

There can be no doubting the enduring affinity that the people of the Jebel hold for their
herds. Their camels constitute a source of prestige and are a cultural reference point in a rap-
idly changing world. Camels and particularly goats still make a very practical contribution

On one occasion the team spent a memorable evening at a camel camp on the edge of
the Nejd north of Jebel Samhan, which clearly demonstrated the sfrong link local communities
maintain to their fraditions. We were invited as an opportunity to meet many senior men from
the local tribes, so we drove out across the desert plain following our host. The gathering had
already begun prior to our arrival, a camel had been slaughtered, a fire built and a large pot
of meat was being tended. A cluster of four-wheel drive vehicles was already arrayed around
the camp but visitors continued to arrive from the desert until well after dark.

As we sprawled under the stars on mattresses, boys circulated offering sweet tea and Bedouin
coffee, and the delicious smell of cooking meat wafted across the gathering. The groaning
and shuffling of tethered camels was audible from just beyond the circle of firelight. The talk
was all of camels: tending them, herding them and selling them, rumours of racing victories
elsewhere in Oman and in the Gulf, and the sale prospects for promising animals.

In their daily lives these men were teachers,
oil company workers, and retired soldiers, but
that night, clustered around the flickering fire
in animate and sometimes fierce discussion,
they were the same Mahra Bedouin who had
roamed these plains for hundreds of years. One
elderly man pointed to the young boys and said
“You see those boys? | served my father at the
Ezba, and he served his, just as they do now. This
is our way".

At the the Ezba



to household livelihoods through the provision of dairy products and meat, saving additional
expenditures on these items, which feature prominently in local diefs.

The research team learned that most herds of goats on the Jebel are accompanied by a
shepherd, but that camel herds are not. Camels are usually allowed to forage the southern
slopes of Jebel Samhan and the eastern and northern wadis unaccompanied, sometimes
wandering the wadis of the interior for days at a time. Camel camps from the north move up
to the heads of the major wadis on the northern flanks of the Jebel Samhan during the winter
months, or if there have been any sporadic rain showers. In the south herds move onto the
coastal plain in winter, and then enter the wadis and move onto the escarpment following
the monsoon.

Data collected enabled mapping of the distribution of livestock foraging across the Jebel
Samhan. This revealed that the greatest intensity of camel and goat foraging occurs along
the southern escarpment, with lower numbers of ‘grazing days’ in the north. However, giv-

en the aridity of the landscape north of the
jebel, any foraging is usually concentrated
within a relatfively small number of wadis, re-
sulting in high foraging pressure in those ar-
eas. This mapping exercise also highlighted
that the Jebel Samhan interior is subject to
relatively lower livestock disturbance, owing
to the difficulty of access.

Grazing camels



Frankincense

The harvest and sale of frankincense has been practiced for millennia on the Dhofar moun-
tains, and the most highly valued variety (known as hojari) is found on the northern slopes
and wadis of the Jebel Samhan. Traditionally, Boswellia sacra were tapped for resin by the
tribesmen who held the customary rights to the lands on which individual frees grew. The sale
of frankincense made an important monetary conftribution to meagre pastoral incomes, par-
ticularly among the northern Bedouin.

Frankincense harvesting mainly occurs in the deep wadis north and east of the Jebel Sam-
han escarpment, in the interior of the Reserve. The gruelling task has necessarily transitioned
into the hands of a foreign workforce, mainly Somalis, since Boswellia sacra also grows and
is harvested in Somalia. The frankincense they harvest is provided to local brokers from the
communities which hold the customary rights to the trees. In exchange for harvested resin, the
Somalis are delivered food and water to their harvesting camps and are paid the value of a
portion of their harvest. Even so, findings suggest that less than one quarter of Jebel house-
holds still derive profitable incomes from the onward sale of frankincense, but it is presumably
a way of maintaining customary entitlements to the resource and is also an important source
of frankincense for markets in Salalah.

Frankincense harvesters are very elusive
and their camps and depots are usually
well hidden and situated in the remotest
areas of the Jebel. As such they are the
group that has the greatest direct impact
on areas of high biodiversity value. The re-
search team occasionally encountered
groups of Somali harvesters whilst travelling
through the mountains, but the harvesters
displayed an inclination to avoid all con-
tact with anybody but their ‘handlers’.

hand holding frankincense



Several studies have suggested that when the frankincense harvest tfransitioned into the hands
of foreigners it became less sustainable, with harvesters seeking to maximise extraction from
frees. Although the research team found no evidence for this, a lot of environmental distur-
bance associated with harvesting camps was observed. Inexplicably, in some parts of Jebel
Samhan, researchers found groves of very large and healthy looking Boswellia sacra, which
had clearly not been recently harvested.

Fuel wood and other natural resources

Although most homes now use bottled gas for cooking, it is common practice for the Jebali to
collect frewood for ceremonial cooking or for preparation of coffee at home or at livestock
camps. This wood is usually collected from immediate surroundings, in relatively small quanti-
ties.

More of an environmental concern is the collection of frewood on a commercial scale. In
the wadis, Acacia stumps can be found which have been chain-sawed or dragged out by
the roots. In these cases, wood is collected by the truckload and often burned to produce
charcoal for sale. Researchers recorded 18 households which reported selling charcoal. Col-
lection of frewood, either for domestic use or for production of charcoal and sale, was found
to occur mainly in the northern and eastern wadis of Jebel Samhan.

In addition to collecting fuel wood, some local people reported gathering wild honey and
medicinal plants from around the mountain. While nearly all of the wild honey collected is
sold, medicinal plants are collected purely for use within the household.

Economic production within the Jebel Samhan Reserve

Utilising the study data, the research team was able to calculate the total monetary value to
surveyed households of the economic production from Jebel Samhan. Researchers found
that access to, and use of, natural resources within the Reserve had an average annual mon-
etary value of 515 Omani Riyals per household'0. The overall composition of that value is given
in Figure 13. Since the average total value of waged incomes annually to households within

107his is the gross monetary value, i.e. before removing the costs (e.g. fuel) of exploiting the resources.



the survey group is more than 10,500 Omani Riyals, it would appear that on average, access
to natural resources on Jebel Samhan constitutes a comparatively minor contribution to mon-
etary incomes.

26998 36140 6275 3600

Figure 13: Relative monetary value of ter-

restrial resources within the Jebel Samhan
reserve to local communities 8720 3597 9946

The establishment in 2013 of a checkpoint regulating unofficial access into the south western
portion of the reserve has resulted in a major reduction in livestock grazing within what was
previously a heavily grazed area. Consequently, researchers have found that in 2014 and
2015 the monetary value of production from this area is now much reduced.

However, this analysis overlooks the diverse non-monetary values conferred to local people
by the Jebel’s resources: the value of dairy products and meat consumed in the household
diet, the value of frewood and other resources which are utilised but not sold. It also overlooks
the strong cultural and traditional values that the jebel holds for local communities, and the
customary entitlements communities have held since antiquity.



9. Preserving complex ecosystems

This book describes the development and implementation of a multi-disciplinary environmen-
tal research project in the Sultanate of Oman. The project was conducted by a mixed Omani
and international feam, and was based upon collaboration between three agencies with
responsibilities for conservation in the Sultanate: the NFRCEC, MECA and OCE. The scope of
the project, both in terms of the range of studies conducted and the institutional arrange-
ments surrounding it, can be considered ground-breaking. Indeed, the endeavour has en-
compassed exploration in its truest sense, recovering much previously unknown information.

Research findings highlight the interconnectedness of ecological systems on Jebel Samhan.
They tell the story of the interplay of biotic and abiotic conditions that sustain life in dry wadi
beds and on arid mountain slopes, and the influence of the life-giving monsoon on the es-
carpment. They show us the distribution of wildlife and the remarkable richness of species that
exists in the vicinity of permanent water sources in the eastern wadis.

Finally, the research reminds conservationists that the natural resources of Jebel Samhan have
been an important source for human livelihoods and a cultural reference point for countless
generations. For most of that time, successive generations have managed resources sustain-
ably, deriving economic value without detriment to animals, plants and the integrity of their
habitats. The new millennia brings new challenges, but our research findings equip conser-
vation planners with an improved understanding of what is at stake and the source of major
threats to natural values and ecological systems. This knowledge has great potential to inform
strategies for enhancing conservation management in the Jebel Samhan Reserve.

Jebel Samhan under threat

Systematic studies conducted around the Jebel Samhan provide clear empirical evidence
for the nature and scope of the pressures that now threaten mountain ecosystems: But under-
standing these threats is a necessary step towards mitigating them.



Researchers found that the most immediate pressures upon Jebel environments arise from the
largely unregulated access of livestock across the mountain, and that impacts were particu-
larly severe at sites of high ecological value (such as permanent water sources and areas of
high plant diversity). Our studies have further explored the attributes of foraging and grazing
across a range of different habitat types and communities of vegetation. Growing quantities
of waste and pollution, tfree felling, and other forms of human encroachment and disturbance

to natural ecosystems have also been recorded.

Primary pressures impacting upon ecological systems within the Jebel Samhan reserve

Issue

Livestock graz-
ing/foraging

Livestock foul-
ing water

Rubbish and
pollution

Fuel wood
collection

Status

All parts of Reserve show signs of medium to
intense grazing. Shrubs, herbs and grasses
grazed to the point where regrowth cannot
be guaranteed. Heaviest grazing in areas
of high plant diversity, with slightly lesser
pressure observed in interior areas

During the summer when water level is
low, presence of dozens or hundreds of
domestic animals drinking from springs and
pools fouls the water with faeces and urine
(increasing nutrients and organic content)
and trampling by the stock raises turbidity

Increasing volumes of rubbish being dis-
carded within the study area. Often associ-
ated with herding or frankincense harvest
camps. Rubbish and pollutants also cast
info water holes, fouling water

Some evidence of free branches being
sawn or even whole frees being uprooted.
These are mainly Acacia, which is known to
be a preferred fuel wood and source mate-
rial for charcoal burning.

Ecological impacts

Camels and goats grazing directly compete
with wild ungulates. Plants grazed to the
ground displaces other smaller herbivores, like
hares, mice, jerboas, lizards and also the inver-
tebrates and other species that live among or
otherwise utilize vegetation. This in turn effects
predators and large raptors which feed on
them

Small pools in the eastern wadis are reduced
to a stagnant, algae covered and festering
condition, possibly undrinkable to livestock
and wildlife alike. Poses threat to aquatic life.

Much is non-degradable and potentially poses
a hazard to wildlife if ingested. Rubbish dumps
tend to attract swarms of flies, ticks, maggots
and other unwelcome invertebrates

Constitutes a loss of a food source and habitat
for mammails, birds and invertebrates. Copses
of trees can provide an important stabilising
effect on sand and soils, retarding water and
wind erosion. Removal of organic materials
that would otherwise fall and decompose in
situ removes nutrients that would otherwise
enter the dry soils




Opening of new Highway 42 and expansion

of tfrack network through the Jebel Samhan Increased livestock herding, frankincense
Infrastructure make interior areas more accessible to vehi- harvest rubbish, hunting within interior of Jebel.
developed cles. Construction of permanent buildings Damage to vegetation and erosion and distur-

replacing temporary herding camps in bance to wildlife

some areas

Declining populations have consequences for
Hunting Hunting of Nubian ibex and the gazelle. the apex predators which depend upon them
for food.

Cafts threaten birds and small mammals. Rafs
indicate proximity of human settlement and
pose threat to birds’ eggs.

Invasive spe- Encroachment of feral cats and common
cies rat into eastern wadis

Research informing conservation management

The Jebel Samhan Biodiversity Conservation and Research project was designed to create
tools to enhance conservation at two scales:

The first of these, a major deliverable of the project, was to deliver evidence-based recom-
mendations for zoning and management across the whole Jebel Samhan Reserve. This was
achieved through analysis of the datasets collected which integrates the observed ecologi-
cal value of individual survey sites, the recorded pressure and disturbance to them, and their
estimated economic value. The resulting map of zones identifies areas of core conservation
value, as well as buffer areas, and those with the potential for multiple-use activities within the
context of the protected area. This preliminary zoning'' represents the culmination of months
of systematic field studies under challenging conditions.

The second deliverable recognises the particular conservation values of the eastern wadis,
and identifies a package of simple indicators appropriate to ongoing monitoring of the eco-
logical health of the wadis. These indicators will be utilised to gauge change in ecological
conditions relative to the baseline established through this study. Ongoing monitoring will en-
able conservation managers to easily frack whether ecological health at the wadi study sites
is improving or worsening through time, thus enabling them to respond where necessary with
changes to management practice.

1 ]Any final decision on zoning would need to be supported by extensive stakeholder consultations.



Lessons Learned

The NFRCEC team and its collaborators
take away key lessons from the experi-
ence of working in Jebel Samhan and
implementing this project.

The first of these is the importance of
careful planning and consultation in
designing a project to achieve specif-
ic objectives and outputs. The Jeb-
el Samhan Biodiversity Research and
Conservation Project benefitted from Preliminary zoning for the Jebel Samhan

a lengthy preparatory phase during

which plans and activities could be developed. It built strong relationships with institutions
which had greater experience in the study area and so, during the implementation phase of
the project, the research team were guided by a very clear understanding of what needed

fo be done.

A second lesson was recognition of the wide range of elements that contribute to ecosystem
health. Our studies highlighted the fundamental importance of water sources to terrestrial an-
imal, plant and bird diversity and also the need for conservation planners to explore human
interactions with ecological systems. Overall, the findings of the project confirm the value of
multi-disciplinary studies of the type we have undertaken to establish relevant baselines.

A third lesson is the undoubted value of utilising remote sensing techniques and GIS in combi-
nation with on-ground exploration. While not a seamless match with field studies, the applico-
tion of remote sensing techniques tremendously enhanced what we were able to achieve in
the field.



Application of the approach

The Jebel Samhan Biodiversity Research and Conservation Project has inventoried biodiversity
and described habitats across the mountain in order to develop empirically-based manage-
ment guidelines. This type of process is common practice in the design and implementation
of conservation initiatives internationally, and has potential for further application within legal-
ly protected areas in the Sultanate, but also for planning the protection and sustainable use
of all natural landscapes.

The experience of working in the Jebel Samhan Reserve has been an exceptional privilege for
all members of the NFRCEC research team: The Sultanate of Oman is blessed with an extraor-
dinary natural heritage and genuinely unique biodiversity and the effort and any hardship
experienced by the team has been worthwhile if its work can in some small way conftribute to
the future protection of this significant area.
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