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Abstract: Fog moisture plays a critical role in the maintenance of the desert ecosystem of the Arabian Oryx 
Sanctuary, in Oman, on the southern edge of the Arabian peninsula. The Sanctuary is the site of the White 
Oryx Reintroduction Project, the world's foremost large mammal reintroduction, whose success depended 
upon having a viable and productive habitat. Fog yields and other climatic observations have been maintained 
at Jaaluni, the Project's field base, since 1980 as part of an on- going programme of environmental monitoring. 
Four measurements of available moisture are made: fog collection from an omni-directional mesh-screen 
collector (since 1990); fog and dew collection on a horizontal solid surface; fog and dew collection on the 
vertical surfaces of four plates raised at different heights on a single tower and rain in a standard gauge. 
Construction of the recorders is described. Analysis shows that fogs, primarily radiation fog derived from 
overnight cooling, are the most reliable source of water for the ecosystem. Rainfall is erratic and often 
extremely localised. Between 1990-1997, rainfall at Jaaluni averaged only 60.5 mm. per year (~ 47.5 mm. per 
year) For the same period, fog yields averaged 23.6 litres/m2/year (~ 7.9 litres/m2/year). Fogs also produce 
significantly higher amounts of water than dews alone. Fogs are essentially seasonal with two peaks, one in 
March and a second in October. These seasonal peaks are important as they provide the ecosystem with a 
life-sustaining amount of moisture after a maximum of seven months. The fogs support growth of an unusual 
variety of perennial trees, shrubs and grasses which are essential for both wildlife and domestic stock, though 
the fogs do not produce enough water to meet human needs or to induce germination. The special ecology of 
the region is one of the factors that influenced its inscription on the UNESCO World Heritage List.  
 
INTRODUCTION  
Oman lies on the south eastern edge of the Arabian peninsula. The Arabian Oryx Sanctuary (AOS) is a 
protected area of 33 920 km2 in Oman's central desert. The core area of the AOS is a raised stony plateau, 
approximately 150 m. above sea level. There is little relief and there are no surface water sources in the 
Sanctuary. The Arabian Sea forms the southern and eastern borders of the AOS, whilst the western border 
joins with the Rub al Khali, the vast sand-sea of the Arabian peninsula. The climate is seasonal; summer 
maximum temperatures can reach 47°C with 0 % relative humidity but temperatures may fall to 6 °C in winter. 
In terms of rainfall, the AOS is classified as hyper-arid, receiving less than 50 mm. per year.  
The major influences on the climate of the region are its proximity to the sea, the cooling south-west monsoon 
and the aridity of the Rub al Khali. The south-west monsoon provides Oman's southern region with significant 
amounts of water (Schemenauer, 1994) and decreases the sea temperature. The heat of the Rub al-Khali 
causes an area of low pressure to form, which draws denser air off the ocean. The fogs in the AOS are 
primarily radiation fogs, derived from overnight cooling of moist onshore winds.  
The biomass of both flora and fauna in the AOS is unusually high for an hyper-arid area. Clearly the 
environment is more benign than the rainfall and temperature figures would suggest. Six mammalian orders 
are represented, divided into II families. There are reptiles, invertebrates and a varied avian flora. The 
vegetation is diverse but dominated by three tree species and perennial shrubs and grasses.  
The diversity of the vegetation and its availability year-round, contributed to the selection of the area as the site 
of the Arabian oryx (Oryx leucoryx) reintroduction (Jungis, 1977). The oryx is a charismatic and culturally 
important antelope that had been exterminated in the wild but maintained in captivity. A reintroduction project 
was started in 1980 to return captive bred animals to the wild. Currently, the wild population numbers over 300 
oryx and is considered self-supporting. The reintroduction is regarded as one of the world's foremost 
conservation projects.  
The reintroduction's success depended, to a large extent, upon the productivity of the fog- desert ecosystem.  
 
MATERIALS and METHODS.  
Climatic records have been maintained at Jaaluni, the reintroduction project's field base, since 1980. Four 
measurements of available moisture are made: fog collection on a omni- directional 1 m2 mesh-screen (since 
1990); fog and dew collection on the vertical surfaces of four 0.25 m2 plates raised at different heights on a 
single tower (known as a precipitation tower); fog and dew collection on a 1 m2 horizontal sheet and rain in a 



standard gauge. The design of the omni-directional fog collector follows Barros and Whitcombe (1993) and is 
intended to mimic biological material. The collector stands 3 m. high. Its collecting surface is a double 
thickness of 47% polypropylene shade netting, attached to a wind vein. A gutter channels water, collected 
1i'011l the mesh-screen, into containers positioned to correspond with the eight major compass points (i.e. 
north, north-east, east etc.). It was built locally and is easy to use and maintain. The plates on the Precipitation 
Tower all face south and are set at heights of 0.9, 2.0, 3.1 and 4.2 m. The horizontal m2 stands 2.3 m. high.  
Other climatic observations, made daily, are temperature, humidity, wind speed, solar radiation and 
evaporation.  
 
RESULTS  
Rainfall at Jaaluni. 1990-1997, was 60.5 mm/year  47.5 mm/year S.D., though the volume was significantly 
different between years (X27 53.8 P < 0.01). There were 48 fogs/year S.D. which yielded 23.6 litres/m2/year 
S.D. into the omni- directional collector. There was no significant difference in the amount of water collected 
from fogs or in the number of days on which fogs occurred, per year (X27 9.7 NS and Xl7 4.9 NS, 
respectively). Fogs produced significantly higher amounts of water than dews alone (z-test, P < 0.01). Figure 1 
contrasts rainfall and fog collections between 1990 and 1997.  
 
DISCUSSION  
It has been argued that, in deserts, the mean yearly rainfall figure is of limited significance. How long an area 
must survive before it receives some water has greater implications for the plants and animals found there 
(Cloudsley- Thompson, 1965). The fog-desert of the AOS exemplifies this point. The amount of rain received 
tends to be highly variable, seasonally unpredictable and eX1remely localized. By comparison, fogs are 
widespread and largely predictable, both in quantity and in time. Fewer fogs form during the summer months 
(May-August) because the sea breeze is strongest during those months (Stanley Price et a/. 1988). Proximity 
to the sea and the direction of the prevailing wind ex-plain the greater volume of water collected from southerly 
winds. Though they have seasonal peaks, fogs occur throughout the year and are the most reliable source of 
water for the AOS. As such, fog moisture plays a critical role in the maintenance of the ecosystem.  
The vegetation of the AOS, its type, distribution and abundance reflect the presence of fogs. The most 
common tree, Acacia tortilis, stands up to 4 m. high, but more commonly 2.5 - 3 m., it has a flat canopy formed 
from a dense network of small pinnate leaves which greatly increase its surface area. Its root system is shallow 
but wide, mirroring the canopy above so as to catch any water that drips down; all are ideal adaptations for the 
interception of fog. The tallest trees of the AOS, Prosopis cineraria can absorb atmospheric water through their 
foliage (Brown, 1992) and it is likely that A. tortilis can too. This would explain their distribution. A. tortilis trees 
are common in the south and central areas of the AOS but phase out to the north and west, at what appears to 
be the general (though not absolute) limit of inland fog formation. The presence of so many trees in the 
Sanctuary is probably explained by the relationship between height and shape and fog entrapment. Grasses 
are also able to utilize fog moisture; the regular occurrence of fogs helping to maintain a background level of 
primary productivity. Spalton (1995) showed that the crude protein content of the most common perennial 
grasses decreased with time after rain but never went below a level of approximately 5 %. It is believed that 
moisture from fogs and dews is responsible for holding this level by supporting re-growth.  
The animals of the AOS benefit from the effects of fog moisture on the vegetation and directly from the fogs 
themselves. P. cineraria and A. tortilis provide browse and shade. During the hottest months, the oryx 
population's range contracts into the A. tortilis zone. Fogs provide a small but valuable water source for the 
animals of the AOS. The oryx, which may go up to three years without drinking water, are regularly reported 
grazing in the early morning when fog and dew deposition are at their highest. The water content of forage is 
known to increase by at least 10 % overnight (Stanley Price, 1989). The perennial grasses' base level of 5 % 
crude protein content, maintained by fog moisture is nutritionally sufficient to carry herbivores through times of 
drought (Spalton, 1995).  
Fog moisture seems to be utilized by the vegetation to support growth but not for germination. In the absence 
of rain, the biggest problem for the animals of the AOS becomes one of food availability, not nutrient value. 
Without germination, the palatable species gradually disappear, increasing competition between wild 
herbivores and domestic stock, particularly goats. Fogs might help to mitigate against this; "this very heavy 
grazing pressure produces a strong re-growth from fog moisture some months after the goats have left, to the 
oryx's advantage" (Stanley- Price, 1989).  
Fogs do not produce enough water to meet the needs of the modern pastoralistst though, historically, they 
were more important. The local Bedouin tribe used to collect fog moisture in blankets draped under trees. The 
traditional water economy of the tribe, however, has been upset by the provision of wells and desalination 
plants. Numbers of people, goats and camels have all increased in recent times, alongside Oman's 
development and the demand for water is now much greater than before. The comparatively small yields from 



fogs and the supply of free fresh water from government wells make labour intensive forms of water gathering 
no longer viable. Modem adaptations of traditional methods may, however have a role to play in the lives of the 
Bedouin. For example, casual observations have shown that grass growth and germination is encouraged 
along fence lines, as a result of fog and dew moisture condensing and dripping off the wire.  
The habitat of the AOS is under pressure from over-grazing, track damage, oil exploration, human settlement 
and development. More efficient utilisation of fogs might go some way to lessening these impacts. It is 
proposed that more detailed studies of fog-vegetation interactions are conducted, particularly to delineate the 
relationship between the A. torti/is zone and fogs and to determine, prcdsely, to what extent fogs can support 
the growth of the most palatable plant species. Such research would help with the adoption of more 
sustainable grazing patterns. The potential to use fog moisture to restore degraded land should also be 
investigated.  
Fog moisture ameliorates the harsh climate of this region and has helped create an ecosystem that is 
unusually complex for an hyper-arid environment. The special ecology of the region is one of the factors that 
influenced its inscription on the UNESCO World Heritage List. Inscription should help safeguard the integrity of 
the area and promote further research into fog-desert ecology.  
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