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Abstract

The Arabian leopard Panthera pardus nimr has disappeared from much of its former range
on the Arabian Peninsula so that today populations are limited to the most remote areas.
Previous Biosphere Expeditions studies in 2006 and 2007 have suggested the existence
of a remnant population on the Omani side of the Musandam peninsula. The Musandam
peninsula is located south of the Strait of Hormus at the entrance of the Arabian Gulf on
the northeastern tip of the Arabian Peninsula and as such forms an exclave of Oman
bordered by the United Arab Emirates. The leopard population on the peninsula was
thought to be very small and the lack of evidence of two important prey species, namely
the Arabian tahr Hemitragus jayakari and gazelle Gazella gazella cora, and of the other
top carnivore, the Arabian wolf Canis lupus arabs, provided a clear picture of the
conditions under which leopard numbers have declined. The killing of animals, habitat
degradation and livestock and human disturbance were the main causes of decline.

Following on from this work, this report details the surveys conducted by Biosphere
Expeditions in January and February 2008 in the area limited by the wadis Amat and
Uyun, located in northwest Dhofar in southern Oman. The location is on the Arabian
leopard’s northern distribution boundary in the Dhofar mountains, currently the last
stronghold of the leopard in Oman. It is also where intensive studies on wild leopards are
ongoing under the auspices of the Office for Conservation for the Environment, Diwan of
Royal Court, including camera trapping and radio tracking of leopards. There was,
however, a gap in the knowledge on the status of the leopard and its prey in the study
area, and the mission of Biosphere Expeditions was to remove that information gap.

The expedition surveyed the wadi floors, ledges, and ridges for signs of Arabian leopard,
its prey species, and other wildlife that could provide information on habitat quality. Three
camera traps were set by the end of the expedition and are still in place. Nine potential
signs of leopards in the form of scats were collected resulting in a frequency of 0.067 scats
per kilometre, but no recent evidence of the Arabian leopard’s presence was recorded.
The habitat of the study area was, however, found to be in good condition. It had a rich
assemblage of the main prey species and harboured a number of threatened large
mammalian fauna. Signs of livestock overgrazing, so prevalent on the Musandam
peninsula, were not found. The Nubian ibex Capra ibex nubiana, mountain gazelle Gazella
gazella cora, and rock hyrax Procavia capensis were present in more than half of the fifty-
one 2 x 2 km cells surveyed. Multiple records of hyaena Hyaena hyaena sultana, a
predator with large resource requirements, corroborated the good quality of the habitat, as
did the presence of caracal Caracal caracal schmitzi and Arabian wolf Canis lupus arabs.
Interviews indicated that leopards were once encountered more frequently by herders and
this finding supports the species’ loss of range mentioned in the literature and is
compatible with the expected higher vulnerability of species’ along its distributional edge.

In conclusion the report provides a number of recommendations regarding future research,
capacity building, local community involvement, networking, information dissemination and
compensation schemes which should be considered in order to provide the Arabian
leopard with a chance to not only survive in Oman but to also re-colonise areas of its
historical distribution range.
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1. Expedition Review
M. Hammer (editor)

Biosphere Expeditions
Marcelo Mazzolli

Projeto Puma

1.1. Background

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

This expedition report deals with an expedition to the Nejd area of Dhofar in southern
Oman that ran from 13 January – 8 February 2008. The expedition assisted local scientists
from the Office for Conservation of the Environment, Diwan of Royal Court (OCE) in
ascertaining the status of the Arabian leopard in parts of the remote and mountainous
Dhofar region of Oman. The expedition searched for leopard signs and attempted to
camera trap animals in potentially prime leopard habitat, completed a wildlife inventory of
the area, strengthened ties with local people and investigated historical records of leopard
presence.

The Arabian leopard is a flagship species for Oman’s mountain habitats. It once occurred
throughout the mountainous regions of Oman, Yemen, Saudi Arabia, the United Arab
Emirates, Palestine and Jordan. However, by the 1990s the leopard became locally extinct
in most areas of the Arabian Peninsula and if viable populations remain, they are most
likely to be found in the high mountains of Oman and Yemen.

The Arabian leopard is the largest surviving cat species of Arabia. Listed as “critically
endangered” in the IUCN List of Threatened Species, it is on Appendix 1 of the Convention
on International Trade in Endangered Species (CITES), which strictly regulates
international trade in listed animals.

In 1997 the OCE began a survey of the Arabian leopard in Jabal Samhan Nature Reserve
in Dhofar, where a strong population has been shown to exist. However, the one other
area of Oman where the leopard may survive, namely the Musandam peninsula, had not
been surveyed until Biosphere Expeditions conducted a study in 2006 and 2007. As the
natural prey species in the Musandam region are likely to be at very low numbers,
leopards often have to turn to domestic stock, mainly goats, for food. The socio-economic
interaction with local people and herders were also investigated during the expedition.
With the current project Biosphere Expeditions is helping to fill another gap in knowledge
on the distribution of the Arabian leopard and its prey, this time in the western Dhofar
moutains between wadis Amat and Uyun, in a region known as Nejd.
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1.2. Research Area

Flag and location of Oman and study site.

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

and office locations is at Google Maps.

Oman is the third largest country in the Arabian Peninsula, with a population of 2.3 million.
It maintained its independency throughout its history except for brief occupations by
Persians and the Portuguese (McBrierty & Al Zubair 2004). The Dhofar mountains in
southern Oman run eastward from the Republic of Yemen to the southernmost eastern tip
of Oman. Salalah is the region’s biggest town and of commercial importance thanks to its
port. The local economy also benefits from fishing and Frankincense harvesting. In areas
along the coastline with good irrigation or rainfalls, fruits such as dates, coconut and
bananas are produced, and cattle are farmed.

Geology

Oman is located in the Arabian plate, which includes the Arabian Peninsula, the shallow
Arabian Gulf and the Zagros mountains of Iran. For most of its history, it has been part of
the larger Afro-Arabian continent until 25-30 million years ago when the Red Sea began to
open and separate the Arabian and African plate. Presently the plate is moving at a rate of
2 to 3 cm per year away from the African plate (Vine 1995).

The mountains of Dhofar in the south and the al Hajar mountains in the north have
different origins (Clarke & Glennie 2006). Those of Dhofar were uplifted as part of the
process of creating the Red Sea and Gulf of Aden, which began about 30 million years
ago, whereas the origins of Al Hajar can be traced back 300 million years (Clarke &
Glennie 2006).
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Natural history

Dromedaries Camelus dromedarius, known in the area simply as camels, are found just
about everywhere. Although it has been suggested that they never existed in the wild in
Arabia, there is some evidence that they were probably once found as a wild animal
throughout the Arabian region (Nowak 1999).

Other than dromedaries, Grobler (no year) mentions the following animals, named in
accordance with Hellyer & Aspinall (2005).

Main distribution in Oman

Common name Latin name North
coast

South
coast

Central
coast

Desert of
Empty
Quarter

Arabian tahr Hemitragus jayakari X

Small spotted genet Genetta felina X

Honey badger Mellivora capensis X

Rock hyrax Procavia capensis X

Nubian ibex Capra ibex nubiana X X

Porcupine Hystrica indica X X

Ethiopian hedgehog Paraechinus aethiopicus X X

Brandt’s hedgehog P. hypomelas ? ? ?

Wolf Canis lupus arabs X X

Blanford’s fox Vulpes cana X X

White-tailed mongoose Ichneumia albicauda albicauda X X

Striped hyena Hyaena hyaena sultana X X

Arabian leopard Panthera pardus nimr X X

Gordon’s wild cat Felis silvestris gordoni X X X

Caracal Caracal caracal schmitzi X X X

Arabian red fox Vulpes vulpes arabica X X X X

Rüppell’s sand fox Vulpes rüppelli X X

Arabian oryx* Oryx leucoryx X X

Arabian or mountain
gazelle

Gazella gazelle cora X X X X

Cape hare Lepus capensis X X X X

Sand gazelle Gazella subgutturosa marica X X

Sand cat** Felis margarita harrisoni ? ? X X

* Today confined to a single reserve.

** Distribution based on Nowell & Jackson (1996).

Birds

At present 486 species of birds have been recorded for Oman. Many are seen only during
migration or are winter or summer visitors. Perhaps for this reason, 150 species are
vagrants, which have been seen fewer than ten times (Eriksen & Eriksen 2005).
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1.3. Dates

The expedition ran over a period of four weeks divided into two two-week slots, each
composed of a team of international research assistants, guides, support personnel and
an expedition leader. Expedition slot dates were

13 – 25 January
27 January – 8 February

Winter dates away from the extreme heat of summer were chosen for best weather and
working conditions.

1.4. Local Conditions & Support

Expedition base

The expedition base consisted of a Bedu style tent camp (of a Bedu mess tent and more
modern one and two person dome tents for sleeping in). An expedition cook
complemented the team and vegetarians and other special diets could be catered for.
There was very limited electricity at the field base. The circuit was a car battery based 12V
DC cigarette lighter plug and socket system.

Field communications

There was an (emergency) satellite telephone at base. Mobile phones did not work in and
around camp and around much of the study site. In the field, two-way radios were used for
communication between research teams wherever possible. The expedition leader sent an
expedition diary to the Biosphere Expeditions HQ every few days (see appendix 4) and
this diary appeared on the Biosphere Expeditions website at www.biosphere-
expeditions.org/diaries for friends and family to access.

Transport and vehicles

Team members made their own way to the assembly point in Muscat. From there the team
boarded a one hour flight to Salalah and then drove about four hours to base in the
expedition Land Rovers. From the assembly point onwards and back to the assembly point
all transport and vehicles was provided for the expedition team, for expedition support and
emergency evacuations. Courtesy of Land Rover Middle East & Africa in Dubai, the
expedition had the use of three LR3s and exceptional support from Land Rover Middle
East & Africa in Dubai and the local dealers MHD in Muscat and Salalah throughout.

Team members wishing to drive the Land Rovers had to be older than 21, have a full clean
driving licence and a new style EU or equivalent credit card sized driving licence
document. Off-road driving and safety training was part of the expedition.
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Medical support & insurance

The expedition leader was a trained first aider, and the expedition carried a
comprehensive medical kit. The standard of medical care in Oman is high and further
medical support was available at government health posts in rural areas and a government
hospital in Salalah.

All team members were required to carry adequate travel insurance covering emergency
medical evacuation and repatriation. Emergency evacuation procedures were in place.
There were no serious medical incidents. Some cases of blisters and sore legs after long
surveys occurred. One person suffered from a sprained ankle due to a fall. Furthermore
there was one case of toothache and some minor stomach problems because of the
change of diet.

1.5. Expedition Scientists

The expedition scientists comprise a team from the Office for Conservation of the
Environment based in Muscat. The team is headed by Dr Andrew Spalton and assisted by
field assistants Hadi al Hikmani and Khalid al Hikmani.

Andrew Spalton came to Oman in 1987 to work on the reintroduction of the Arabian oryx.
After six years at the project field headquarters in central Oman he left for Aberdeen
(Scotland) to complete his PhD on the ecology of the oryx. Returning to Oman in 1995,
Andrew took up a new post in Muscat. While continuing to help oversee the oryx project,
he undertook new work with the Arabian leopard and Arabian tahr. He set up the Arabian
Leopard Survey which collected the first information on the ecology of the highly
endangered Arabian leopards. Using camera traps and later satellite collaring, Andrew and
his team have mapped the occurrence and range of the Arabian leopard in southern
Oman. Andrew now works as Adviser for Conservation of the Environment and oversees a
team of scientists and rangers working on the Arabian oryx project, Arabian tahr project
and the Arabian Leopard Survey. His other interests in Oman include whale watching,
diving, trekking and camping in the interior.

The expedition’s field scientist was Dr. Marcelo Mazzolli. Born in Brazil, he graduated in
Biology in 1992, with a master’s degree from the University of Durham, UK. His Ph.D. in
ecology, obtained in Brazil, was on the effects of human occupation on the extinction of
large mammals. He has devoted his career to the study of large mammals, particularly the
puma and jaguar, but has had many other outdoors experiences. He was a professional
jungle guide in the Amazon forest in 1986 at age 21. He has attended many national and
international workshops, and published relevant articles. His studies have made his work
well known, and early in his career he was invited to be a member of the International
Union for Conservation of Nature (IUCN) Cat Specialist Group with one of his projects
listed as a priority in the World Wide Cat Action Plan. He has travelled extensively, living in
the United States and Peru, and has surveyed lions in Botswana.

Hadi Musalam al Hikmani, the expedition’s field guide, was born near Jabal Samhan,
Dhofar. He joined the Office for Conservation of the Environment in 2001, working first as
a volunteer and then since 2002 as a full-time field assistant. He quickly became the local
expert on Arabian leopard and is today responsible for the field work of the Arabian
Leopard Survey. He has also worked on the sand cat and joined expeditions to India
where work is ongoing on the snow leopard.
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Khalid Mohammed al Hikmani, assistant to Hadi Musalam al Hikmani, was born in the
northern mountains of Jabal Samham, Dhofar. He joined the Office for Conservation of the
Environment in 2007, working first as a volunteer and then since 2004 working full time.

1.6. Expedition Leader

This expedition was led by Peter Schütte. Peter was born in Germany. He studied
geography and cartography at the University of Bremen (Germany) and Göteborg
Universitet (Sweden) and geoinformatics in Salzburg (Austria). He has worked on several
mapping and remote sensing projects all over the world. In 2004 and 2005 Peter was
involved in wildlife conservation projects in Namibia, where he joined Biosphere
Expeditions as member of the team of local scientists and was promptly bitten by the
wildlife expeditions bug. He has travelled in Scandinavia, Iceland, southern Africa, North
America and central Asia. Peter holds First Aid and Off-Road driving certificates and has
worked in Namibia, Altai and Oman for Biosphere Expeditions.

1.7. Expedition Team

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

13 – 25 January 2008

Sigrid Aschenbrenner (Germany), Roger Bunce (UK), Mark Doherty (UK), Guy Kelly
(Australia), Robin Little (UK), Christopher Lucy (USA), Marc van Reenen (UAE).

Shell Oman, who kindly supported this expedition with fuel and in-kind support, also sent
four of their staff on this first expedition slot as a trial. Their local knowledge, language
skills and enthusiasm were a great asset to the expedition and it is hoped that Shell will
send more staff in subsequent years on all slots. Shell staff were Ali Aidid, Abdulaziz Al-
Abri, Mohammed Al-Farsi and Aziz Al-Rashdi. Also on this slot were guest scientist Gareth
Whittington-Jones (South Africa), journalist Klaus Haselböck (Austria), Biosphere
Expeditions Vice-President Australia Kate Curnow (Australia) and Biosphere Expeditions
Managing Director Matthias Hammer (Germany).

27 January – 8 February 2008

Mark Adlington (UK), Neil Bowman (UK), Guy Kelly (Australia), Neil Mackay (UK),
Katharina Mahofsky (Austria), Carole Mahoney (UK), Nicole Munzert (Sweden), Roland
Scheiber (Austria), Heike Schlegel (Germany), Felix Schueler (Germany), Frank Stoll
(Germany). Also on this slot were journalist Jeta Pillai (Oman).

Throughout the expedition

Biosphere Expeditions trainee expedition leader Ronald Seipold (Germany), rangers
Rames Mohammed ali Zabnoot and Bakait Al Shashaay from the Ministry of Environment
& Climate Affairs and cook Mohammed Ibrahim Finally there was Mabrook Zabnoot who
supported the expedition by providing camels and bringing in water and fuel on his truck.
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1.8. Expedition Budget

Each team member paid towards expedition costs a contribution of £1225 per person per
two week slot. The contribution covered accommodation and meals, supervision and
induction, special non-personal equipment, all transport from and to the team assembly
point. It did not cover excess luggage charges, travel insurance, personal expenses like
telephone bills, souvenirs etc., as well as visa and other travel expenses to and from the
assembly point (e.g. international flights). Details on how this contribution was spent are
given below.

Income £

Expedition contributions 25,361

Expenditure

Base camp and food
includes all board & lodging, base camp equipment

3,478

Transport
includes fuel & oils, taxis

2,998

Equipment and hardware
includes research materials & gear, etc. purchased in UK, Dubai & Oman

2,765

Biosphere Expeditions staff
includes salaries, travel and expenses to Dubai & Oman

3,622

Local staff
includes cooks, helpers, guides and other locally staffed services

1,877

Administration
includes registration fees, visas, sundries etc

1,031

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

3,243

Income – Expenditure 6,347

Total percentage spent directly on project 75%
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and who provided an expedition contribution and gave up their spare time to work as
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and staff, also mentioned above, were central to making it all work on the ground. Thank
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you are) for making it all come true.
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1.10. Further Information & Enquiries

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

Enquires should be addressed to Biosphere Expeditions at the address given below.
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2. Arabian Leopard & Prey Survey
Marcelo Mazzolli

Projeto Puma
M. Hammer (editor)

Biosphere Expeditions

2.1. Introduction

It is thought that the total wild population of Arabian leopard Panthera pardus nimr, the
leopard subspecies inhabiting the Arabian Peninsula, has been reduced to fewer than 250
individuals (Breitenmoser et al. 2006). Accordingly the Arabian leopard is placed in the
highest category of threat of Critically Endangered by the World Conservation Union
(IUCN) Red Data List (2004), and in the highest level of concern regarding its trade
(Appendix 1) by the Convention on International Trade in Endangered Species (CITES).

The Arabian leopard has lost most of its distribution due to habitat modification, direct
persecution and prey decline. Qarqaz & Abu Baker (2006) report the use in Jordan of traps
made of stone to catch leopards as recently as 1999 and the species has been poached
and even commercialised alive in part of its current range. During a three year survey in
Jabal Samhan Nature Reserve in eastern Dhofar, Spalton et al. (2006a) observed that
goats and young camels were taken by leopards on six occasions and that one leopard
was shot in reprisal.

Although there is some debate on the exact extent of the Arabian leopard’s current
distribution, it is clear that the species has lost most of its historical distribution
(Breitenmoser & Breitenmoser- Würsten, 2006). In Saudi Arabia, for example, it is believed
to have lost 90% of its former range (Judas et al. 2006), whilst in Oman it is reported no
longer to exist in a great extent of its northern range, namely the entire Hajar mountains
(Anon 1997) that run alongside the northern coast of Oman. Although Biosphere
Expeditions has recently found evidence of leopards on the Musandam peninsula
(Hammer et al. 2007), it was also found that the Arabian tahr Hemitragus jayakari and
mountain gazelle Gazella gazelle cora, the leopard’s main natural prey in the area, were
no longer present or at very low numbers. Stuart and Stuart (2007) corroborated this by
not finding evidence of continued occurrence of any wild ungulate in southern Musandam
and adjoining areas of United Arab Emirates (UAE). Instead, they found that leopards
were feeding mainly on exotic goats and Cape hare, whilst caracals preyed on goats and
sheep.

Actions to conserve the leopard have started in several countries of its historical range.
The Emirates in 1993 saw the formation of a non-governmental organization, the Arabian
Leopard Trust (ALT), which conducted a survey in parts of the UAE and confirmed the
presence of the Arabian leopard. After that, the Sharjah Desert Park had facilities built to
start a breeding programme of Arabian leopards. Cooperation from Oman, Yemen, Saudi
Arabia, and the UAE formed the Arabian Leopard Working Group in 2001, concerned
solely with the management of the leopard in captivity (Budd & Ashley-Edmonds 2005).
Although Oman also has a captive centre for Arabian leopards (Bait al Barakah Breeding
Centre for Omani Mammals), it has focused on the conservation of wild populations,
particularly in the southern region of Dhofar..
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The Dhofar mountains are considered the best habitat for the Arabian leopard in the
country, and it is also where the only large protected area within the range of known
Arabian leopard distribution is located, namely the 4,500 square km Jabal Samhan Nature
Reserve (Spalton et al. 2006a). Sizeable protected areas have also been established in
Jordan, encompassing a total of 1,300 square km, but the status of the species in the
country is unknown, as the last confirmed record dates back to 1987 (Qarqaz & Baker
2006). The prey population in Dhofar is also probably the healthiest in the Arabian
Peninsula (Stuart & Stuart 2007) and although leopards sometimes kill livestock, the
majority of its diet is composed of native species, as shown by Muir-Wrights’ (1999) diet
study, which lacked evidence of domestic stock in 74 leopard scats found in Dhofar.

Figure 2.1a. Former and current (since 1990) distribution information for the leopard on the Arabian Peninsula.
Confirmed records include confirmed evidence such as dead specimens (with body, skin, etc. available), camera trap
pictures and genetic analyses. Probable records include those confirmed by any evidence or by a trained person.
Possible records include all non-confirmed or not confirmable records including hearsay and direct observations by
untrained persons. From Spalton & Hikmani (2006).

It is also in Oman, and mainly in the Dhofar mountains, where the most extensive study on
Arabian leopard was conducted by the Office for Conservation of the Environment, Diwan
of Royal Court, using amongst other tools camera traps and radio telemetry. This study is
still ongoing.
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Much of the expedition work of the current study focused on looking for animal sign so that
data could be compared to those previously recorded for the species. Previous work in this
area has shown that the frequencies of scrapes and scats of Arabian leopard found in the
Jebal Samham Nature Reserve is very similar to that given by Jackson and Hunters’
(1996) study on snow leopards and as such may be used as a basis for comparison. The
frequencies given for the Jebal Samham Nature Reserve were 94 scats and scrapes over
a distance of 200 km, i.e. a rate of 0.47 signs per km (Spalton 2000).

The study area for this expedition, located in the western Dhofar mountains, has only been
surveyed once previously and the excessive rains at the time hampered field activities
(H.M. Hikmani, personal communication). The area is largely uninhabited and was
expected to be good habitat for the Arabian leopard and its prey by Spalton et al. (2006b).
It was also known to harbour the critically endangered Nubian ibex Capra ibex nubiana,
the Arabian gazelle Gazella gazella cora, the hyrax Procavia capensis and top carnivores
such as the Arabian wolf Canis lupus arabs, the caracal Caracal caracal schmitzi, and the
striped hyaena Hyaena hyaena sultana.

It is also in Oman, and mainly in the Dhofar mountains, where the most extensive study on
Arabian leopard was conducted by the Office for Conservation of the Environment, Diwan
of Royal Court, using amongst other tools camera traps and radio telemetry. This study is
still ongoing.

2.2. Issues in Arabian Leopard Conservation

The first steps towards building a regional network that may provide the foundations of
leopard conservation were taken in 2000 at the first of what was to become an annual
CAMP (Conservation Action Management Planning) in the Emirate of Sharjah. Here
specialists from most countries within the distribution of the Arabian leopard have met,
exchanged their experiences, and declared a commitment witnessed by a world-wide
audience of experts. The result of these meetings was published in a 2006 special issue of
the Cat News, the information vehicle of the World Conservation Unions’ Cat Specialist
Group (IUCN/CSG). The unfolding of that meeting in terms of leopard conservation in
practice are still to be seen, but the expectations should be high.

In Oman the Arabian Leopard Survey has an eleven year history and in that time has
acquired considerable knowledge on the distribution, status and biology of the leopard.
The work conducted by the Arabian Leopard Survey team has been acknowledged by the
international scientific community, and involved collaboration from several Omani
organizations including the Sultan Qaboos University and the Ministries of Environment &
Climate Affairs and Tourism, and it is also known among the local communities within the
leopard range in Oman. The community awareness about the Arabian Leopard Survey
was evident when the current expedition team asked a local person for information about
the presence of leopards, who informed us that he was aware that there was an ongoing
research programme with camera traps to locate leopards.

The assistance of international volunteers from Biosphere Expeditions since 2006 and
more recent ideas to develop similar programmes with other partners demonstrate a
commitment to embrace local community-oriented conservation as well as a desire to
share the responsibility of leopard conservation with the international community. These
are definitive steps to promote conservation, but the work has only just begun.
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Further networking and partnerships, commitment, research and good planning are
necessary to make the conservation of the Arabian leopard a success story.

2.3. Methods

Study area

The expedition base camp was located in Wadi Amat in the northwestern area of the
Dhofar mountains, with the villages of Mudday and Aybut to the west and Uyun to the east.

The study site encompassed an area of roughly 30 x 30 km between Wadis Amat and
Uyun (Fig. 2.3a). The Dhofar mountains form a narrow girdle with a maximum width of 23
km that extends for 400 km east to west from the Halaaniyat islands to the Yemen border.
The highest peak is 2,500 metres. The monsoon rains fall on a 75 km stretch of mountains
and an 8 km wide plain surrounding Salalah.

Figure 2.3a. Dhofar mountains in southern Oman, with study area (black square) between Wadis Amat and Uyun.

Wadi Amat, in contrast to Wadi Uyun, does not receive the annual monsoon rainfall,
known locally as al Khareef. Instead rain falls sparsely after the annual al Khareef
monsoon event from the end of June to the end of September. During this period, flash
floods may occur and the usually dry wadi beds are often transformed into sizeable
streams and the dry slopes into green pastures (Barrault 1999).

Umbrella thorn Acacia Acacia tortilis dominated the bottom of the wadis (Fig. 2.3b). This
species is also found in East Sahel and Nile Valley, the Horn of Africa, Israel, and Jordan
(www.fao.org).
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Figure 2.3b. Overview of base camp in the bottom of
Wadi Amat and among the Acacia trees. Photo: M.V. Reenen.

As mentioned earlier, the area was thought to be largely uninhabited and was expected to
be a good habitat for the Arabian leopard and its prey (Spalton et al. 2006b). Indeed,
camels were the only livestock found, grazing freely in the wadis. In Wadi Amat camels
belonged to a single person, who periodically came down to bring them fodder and water.
Goats were said to be brought to graze in Wadi Amat only when rains were sufficient to
turn the landscape green, which does not happen every year. Herders tend their livestock
during this time and young goats are often kept in small rock pens (Fig. 2.3c).

Figure 2.3c. Goat pen commonly found on wadi ledges.
Photo: M. Adlington.
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A GIF image of the area was imported into the GIS program TrackMaker
(www.gpstm.com), a freeware program. A grid of 51 2 x 2 km cells with the main wadis
was uploaded into the expedition’s GPS units (Garmin GPS60) to aid navigation and
correct data collection. As the work progressed, more wadis were digitised along with
additional features such as access roads, base camp and water pumps.

The topographic map was edited in Adobe Photoshop to subtract features and leave only
the wadis in the final map. Added to this were the 2 x 2 km cells grid system, the
expedition base, overnight camp and camera trap locations. Narrow wadis within the
sampled grids became fragmented during the editing process and needed to be redrawn
(Fig. 2.3f).

Figure 2.3f. Topographic map modified to show only the wadi system. The 2 x 2 km cells surveyed, expedition base,
overnight camp and camera trap locations were added. Coordinates are in UTM datum WGS 84 and Degrees and
Minutes. Cell coding is also shown, with numbers in the X axis and letters in the Y axis.
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Training

Training included an introduction to leopard conservation issues, the role of Biosphere
Expeditions in the Leopard Survey Project and the methods of recording presence of
species using GPS and datasheets (Fig. 2.3g). Before team members were split into small
groups to perform different tasks, an introductory survey was performed with all of them as
part of the training process. During this survey, tracks and scats of known species were
shown. To reduce identification errors, team members were instructed to bring scats to
base camp whenever they were unable to identify the species, and briefed on how to take
photos of tracks for identification later at base.

Figure 2.3g. Training session inside the Bedu tent. Photo: P. Schuette.

Sampling

The 30 x 30 km study area was divided into 2 x 2 km cells and coded by numbers in the X
axis and by letters in the Y axis. Except during training or when on overnight surveys with
camels, team members were tasked to cover at least two cells during daily survey trips, a
sampling practice that provided a good compromise between detailed surveying and
inclusion of adequate habitat heterogeneity. Following the presence/absence method of
occupancy (MacKenzie et al. 2002), the presence of prey species and large carnivores
was recorded using the general location given by a cell code, and once a species or its
signs were found in a given cell, it was scored as containing the species. Each sign of
leopard had its exact coordinates recorded, thus allowing the team to return to the same
exact location if needed, either to check the signs or to install camera traps where judged
suitable. The ‘accountancy’ of every leopard sign coupled with the distance surveyed then
made possible calculation of rates of sign following the recommendations of the Snow
Leopard Information Management System (SLIMS) given by the International Snow
Leopard Trust (ISLT) (Jackson & Hunter 1996).
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As with any animal able to move, the absence of records of a species in a certain cell does
not necessarily mean the species itself is absent. That is why resampling is required to
provide a reliable scenario of species’ occupancy (McKenzie et al. 2002). During the
expedition, however, little resampling was actually done, because signs remained in situ
for long periods before being erased (unlike in rainy areas) and because multiple
simultaneous sampling (groups formed by several team members, spread out in the wadi
and over the ledges) compensated for the absence of resampling.

Sampling was designed to provide a scenario of the presence/absence and habitat
preferences of leopard, its main prey species, and those whose presence/absence could
provide information on habitat integrity. Species that were often recorded, such as gazelle,
ibex, hyrax, and hyaena provided sufficient quantitative information for a more complete
spatial analysis of presence/absence in the study area. The greater amount of information
recorded for these species does not necessarily imply that they were the most abundant or
that there were not enough signs of other species. Indeed, issues related to the correct
identification of signs of other species may have hampered a broader scope.

Regarding information on habitat preferences, the main landscape features were
categorized into wide wadi, narrow wadi, ridge, ledge, slope and escarpment. One feature,
wadi bottom, was added to the sheet for future surveys (see appendix 3). Wide wadis
were consided to be those of 100 m width or more, such as found in most of the
extensions of the main Wadis Amat and Uyun. Secondary wadis (those that branched from
the main wadis) were usually where narrow wadis, saddles, and gorges were found.

Sampling was by and large done on foot and usually started at the bottom of the wadi. At
least two promising ledges (Fig. 2.3h) (those that were long enough to be used as trails)
were also sampled in each cell.

Figure 2.3h. Sampling a ledge on the bottom of an escarpment. Photo: M.V. Reenen.
Notice the ‘slope’ in the bottom right of the photo.


