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Abstract – This study evaluates the size frequency distribution of 11 trees and shrubs in the

cloud forest in Wadi Garziz, southern Oman, in order to assess their current situation,

which is affected by cutting, overgrazing and other constraints. A size class distribution

and a vegetation structure analysis were applied in order to analyze the dynamics of this

forest using census data from 51 plots selected across 5 transects covering the hill-slope

and wadi-bed habitats. Some of the trees inhabiting the hill-slopes (e.g. Acacia senegal and

Commiphora spp.) were found to exhibit an inverse J-shaped distribution with constant

regeneration, whilst in the wadi bed these same trees exhibited a J-shaped distribution (i.e.

of declining populations). On the other hand, Acacia etbaica inhabiting the hill-slopes

exhibited a tendency towards a J-shaped distribution and an inverse J-shaped distribution

in the wadi-bed. All the populations (i.e. inhabiting the hill-slopes and the beds) of

Anogeissus dhofarica had a J-shaped distribution whereas all the populations of Blephari-

spermum hirtum had a more or less inverse J-shaped distribution. The Ziziphus spina-

-christi and Acacia tortilis populations, meanwhile, exhibited the bi-modal shape of size

distribution. The shrubs inhabiting the hill-slopes (e.g. Coroton confertus and Ormocar-

pum dhofarense) exhibited a tendency towards a J-shaped distribution; such distribution

characterizes a declining population with a limited regenerational capacity. Overall, most

of the examined populations, except those of Acacia etbaica in wadi-bed and Blepha-

rispermum hirtum, seemed to be under stress from both environmental and human factors,

particularly in the wadi bed. This type of study can provide a basis for the development of a

management plan to support the conservation and sustainable use of forest vegetation in an

arid region.
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Introduction

Oman is situated in the latitudinal belt of subtropical deserts of the Northern Hemi-

sphere. Water is generally considered to be the most important limiting factor for the
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germination, growth and productivity of woody plants in desert ecosystems like those of

Oman (BAXTER et al. 2005, SHALTOUT et al. 2009). In the forests of northern Oman, for

example, FISHER and GRANDER (1995) have identified variations in the population size and

regeneration of juniper woodlands as being affected by the microclimate, topography and

hydrology of the area. In addition to these environmental and climatological factors,

however, human activities (primarily over-grazing by livestock and related disturbances)

are one of the principal influences on woodland species (OLIVER 1980, AGREN and ZACH-

RISSON 1990, SKARPE 1990, STEWART and ROSE 1990, WELDEN et al. 1991, VEBLEN 1992,

SAKIO 1997, LYKKE 1998, SAKIO et al. 2002, TANAKA et al. 2008).

Even within desert regions, there may be significant local variations in water limitation.

In cloud forests, for example, cloud condensation in fog-affected escarpment mountain

slopes and fog precipitation during the summer season create a niche for moist woodland

vegetation within the surrounding desert. In a cloud forest, woodland vegetation is able to

gain enough water for survival through enhanced capture (filtering) of cloud water by tree

canopies or from horizontal precipitation. This is the case in parts of the Dhofar Mountains

of Oman, which are a remnant of a much more extensive moist vegetation belt, which once

spread across the Arabian Peninsula (RADCLIFFE-SMITH 1980).

The cloud forest of the Dhofar Mountains is classified as a centre of plant diversity in the

Arabian Peninsula, with approximately 750 species, of which some 60 are endemic

(RADCLIFFE-SMITH 1980, MILLER 1994). Dhofar, like other areas of Oman, is developing

rapidly, and this development has the potential to put the ecosystem under stress through

increased human activities, such as cutting for firewood, housing, road building, and also

from overgrazing. One of the features of a cloud forest is that a large proportion of total

precipitation is filtered by the very presence of vegetation. Once vegetation is degraded,

therefore, it becomes more difficult to re-establish due to the reduced level of filtered

precipitation. Over-use of the Dhofar cloud forest has the potential, therefore, to seriously

threaten this diverse ecosystem (MILLER and MORRIS 1988, GHAZANFAR 1998).

Throughout Dhofar an urgent need exists for conservation measures and the adoption of

sustainable utilization methods for keystone tree species, so that further degradation of

natural resources can be avoided. This is especially the case since trees and shrubs can be of

high ecological, economic and medicinal importance in arid regions (MILLER and MORRIS

1988, SHEDED et al. 2006, BRIGGS et al. 2007, SHALTOUT et al. 2009). Efficient management

plans, however, must be based on knowledge of the current situation and the trends towards

change in that situation.

The present work assessed the actual status of tree and shrub populations in the Dhofar

cloud forests on the basis of static vegetation data. For this, the size structure of 11

populations of trees and shrubs in Wadi Garziz, southern Oman, were analyzed. Based on

this analysis, factors affecting the survival of individuals in each population were identified

and the regeneration, stability and decline status of these populations were described. The

paper uses size-class distribution to consider the nature of the population changes in

severely disturbed sites in the cloud forest and seeks to identify causes of population stress

in order to inform subsequent population management plans.

The structure of a population of plants may be described in terms of the age and size of

the population, and the form of its life stages. Since the fecundity and survival of plants are

much more closely related to size than age (HARPER and WHITE 1974, HARPER 1977, WEINER

1986), some authors, e.g. (WERNER and CASSWELL 1977, CASSWELL 1986, SHALTOUT and

98 ACTA BOT. CROAT. 72 (1), 2013

EL-SHEIKH M. A.

534 El-Sheikh.ps
U:\ACTA BOTANICA\Acta-Botan 1-13\534 El-Sheikh.vp
14. o ujak 2013 10:43:29

Color profile: Generic CMYK printer profile
Composite  150 lpi at 45 degrees



AYYAD 1988, SHALTOUT et al. 2009) have argued that it is preferable to classify the life

history of a plant by size rather than by age. Size-class distribution of trees has traditionally

been employed in studies of forests specifically as an indicator of changes in species

composition (ANONYMOUS 1983, NEWBERY and GARTLAN 1996, POORTER et al. 1996, LYKKE

1998). A reverse J-shaped size-class distribution curve is usually characteristic of a species

with good regeneration and continuous replacement, whereas distribution curves deviating

from such a reverse-J shape tend to indicate a lack of recruitment and may indicate changes

in species composition (HALL and BAWA 1993, LYKKE 1998).

Like all ecosystems, forests undergo changes brought about by a combination of

endogenous and exogenous processes (RICHARD and DANIEL 2004). The population size

structure of a woody species reflects regeneration processes and, when compared with the

spatial structure of the forest, can reveal important insights regarding forest dynamics

(TAKAHASHI et al. 2001, HOU et al. 2004).

Study area

The study area is Wadi Garziz, 17° 07' 55" N, 54° 01' 59" E, which is a part of the Dhofar

region, southwest Oman. Along the southern coast, there is a range of limestone mountains

covered by a woody vegetation type unique in Arabia (MILLER and MORRIS 1988). The

mountains extend eastwards from the Yemen border as a crescent-shaped escarpment with a

length of about 290 km (Fig. 1). The top of the range consists of a rolling plateau rising to

over 2100 m, dissected by deep wadis (EL-BAZ 2002). There are no permanent water-

-courses, but pools persist in the wadi beds and a series of spring-fed pools can be found

along the foot of the mountains. From June to mid-September the south-facing escarpments
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Fig. 1. Map of Oman showing the study area of Wadi Garziz (a), and a topographical map showing

wadi Garziz and a part of plain of Dhofar with 5 transects (b).
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are blanketed by moisture-laden clouds, fed by southwest monsoon weather patterns (Fig.

2). Due to this, the region hosts a unique seasonally water-limited cloud forest, sustained by

water droplets from the foggy clouds that condense on the plant surfaces and thence supply

water to the soil. During the dry season, the trees can take up the required water from the

supplemental water reserves percolated down to the ground water (RADCLIFFE-SMITH 1980,

MILLER and MORRIS 1988, HILDEBRANDT and ELTAHIR 2006).

Meteorological data for the region from the period 1942–1972 (SALE 1980) indicate that

mean temperatures at the coastal plain of Salalah reach a high of 32 °C in May and June, and

a low of 27 °C in January and February. The highest relative humidity (97%) is in July and

August during the period of monsoon currents, and the lowest (40%) is in February.

Unfortunately no data from continuous measurements are available for the mountains.

However, at 'Qayrun Heriti' village, near the mountain, the total rainfall during the monsoon

season is more than 200 mm in June, July and August (Fig. 3) (ANONYMOUS 2004). The soil

of the wadi beds is alluvial with fine particles (EL-BAZ 2002).
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Fig. 2. Meteorological situation in Dhofar during the monsoon, and a diagrammatic representation

of a section through Dhofar showing the main habitats from sea to desert: 0 – ocean, 1 –

coastal, 2 – foothills, 3 – escarpment, 4 – dry plateau, 5 – north cliffs, 6 – desert (modified

from HILDEBRANDT et al. 2007).
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Fig. 3. Mean rainfall (in mm) in Salalah (elevation: 25 m) and the mountain village 'Qayrun Heriti'

(elevation: 880 m a.s.l.).
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Materials and methods

A field survey was carried out in the western slope (600–1200 m a.s.l.) and the wadi-bed

(500–600 m a.s.l.) of Wadi Garziz. The study was carried out during winter in 2007 after the

monsoon season. Five W–E transects were established in the study area (Fig. 1a and b) and

51 plots of 20 x 20 m size were selected (27 plots on the hill-slope and 24 on wadi-bed) with

the variation in the number of plots depending on the habitat heterogeneity. In each plot

eleven taxa of trees and shrubs of the cloud forest were sampled (Tab. 1). These species

were selected as they are the most common species, they are native and endemic woody

species and constitute the main body of the forest, which is under severe anthropogenic

disturbances. These species were identified according to MILLER and MORRIS (1988) and

include eight trees (Acacia tortilis, Acacia etbaica, Acacia senegal, Anogeissus dhofarica,

Commiphora habessinica, Commiphora gileadensis, Blepharispermum hirtum and Zizi-

phus spina-christi) and three shrubs (Croton confertus, Ormocarpum dhofarense and

Sideroxylon mascatense). Seed and fruit dispersal types were described according to the

scheme of DANSEREAU and LEMS (1957), which distinguishes dispersal types primarily

according to the morphology of the diaspore. The seed dispersal types recognized in the

present study are: ballochore: parent plant with a mechanism for diaspore expulsion;

sarcochore: diaspore with juicy or fleshy outer layer; pterochore: diaspore with scarious

winglike appendages; desmochore: diaspore with short, stiff or hooked appendages; and

pogonochore: with long hair-like appendages. The species dispersal frequency was calcu-

lated in each plot; the ratio between the number of individuals of the species and number of

individuals of all species of dispersal types in the habitat. Impacts of human activities such

as cutting, firing, grazing and resultant gaps were recorded in each plot.

In the concerned plot, the height (H) and mean crown diameter (CD: based on three

crown diameters depending on the uniformity of the measured individual) of each indi-
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Tab. 1. Characteristics of the sampled species in Wadi Gerziz, Oman showing their families and

dispersal type. Endemic species according to (MILLER and MORRIS 1988) are in bold.

Species Family Dispersal type

TREES

Acacia tortilis (Forssk.) Hayne Fabaceae Fruit legume, Seed 6 mm 'Ballochore'

Acacia etbaica Schweinf. Fabaceae Fruit legume, Seed 6 mm 'Ballochore'

Acacia senegal Willd. Fabaceae Fruit legume, Seed 6 mm 'Ballochore'

Anogeissus dhofarica A. J. Scott Combretaceae Two winged 'Pterochore'

Blepharispermum hirtum Oliv. Asteraceae With pappus and bristle 'Pogonochore'

Commiphora habessinica (Berg.) Engl. Burseraceae Drupe 9 mm 'Sarcochore'

Commiphora gileadensis (L.) C. Christ Burseraceae Drupe 8 mm 'Sarcochore'

Ziziphus spina-christi (L.) Willd. Rhamnaceae Drupe 1cm, Seed 5 mm 'Sarcochore'

SHRUBS

Croton confertus Baker Euphorbiaceae Capsule with hairs, seed 7 mm 'Desmochore'

Ormocarpum dhofarense Hillcoat et Gillett Fabaceae Legume 'Ballochore'

Sideroxylon mascatense (Falc.) A. DC. Sapotaceae Berry 15 mm 'Sarcochore'
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vidual belonging a certain species were measured (cm). Species size index was calculated

as: H+CD)/2 (modified from CRISP and LANGE 1976, by SHALTOUT et al. 2003). The size

index values of each species were used to determine the frequency distribution of the

different age (size) cohorts. In order to evaluate the characteristics of each size class, the

total density of the plant species per ha was also calculated. Mean and coefficient of

variation of density, height, crown diameter and size index of each species were calculated.

Results

Vegetation structure

In the vegetation of Wadi Garziz, Acacia species represented the greatest proportion of

the dominant family Fabaceae, followed by Burseraceae species (Tab. 1). Concerning seed

and fruit dispersals, pogonochore (e.g. Blepharispermum hirtum) species, which depend on

wind dispersal, attained the highest individual density in the study area, followed by

sarcochorous species that usually depend on dispersal by animals (Fig. 4). Because of the

human impact, the cloud forest is a disturbed environment, the wadi-bed more so than the

hill-slope (Fig. 5).
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Fig. 4. The relative species dispersal frequency in the two habitats of cloud forests. Ball – Ballochore,

Saro – Sarochore, Pter – Pterochore, Desm – Desmochore, Pogo – Pogonochore.
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Acacia etbaica exhibited twice as many individuals per hectare in the wadi-bed area

(105 individuals ha–1) as on the hill-slopes (53 individuals ha–1). On the other hand, the

density of most other taxa was distinctly higher on the slope plots. Sometimes, they were

exclusively present on slope plots. The trees Acacia tortilis and Ziziphus spina-christi,

however, exhibited almost the same density of individuals at the hill-slope and the wadi-bed

sites (Tab. 2). The highest density of occurrence (398 ind./ha) was found in the Blepha-

rispermum hirtum population, followed by that of Commiphora gileadensis established on

the hill-slope, while the population of Ormocarpum dhofarense showed the lowest density

(67 individuals ha–1), being found exclusively on the hill-slopes. The height of most tree

species exceeded five metres. In most cases relationships between the individual crown

diameter and the height of the 11 studied species are simple linear with r values > 0.7 except

for »Sideroxylon mascatense and Ormocarpum dhofarense«. The mean height/crown

diameter ratio is >1.0 for all species (Tab. 2)

Population size classes frequency distribution

The size class frequency distribution of some trees inhabiting the hill-slopes (e.g. Acacia

senegal and Commiphora spp.) showed an inverse J-shaped distribution, while they at-

tained a J-shaped distribution in the wadi-bed populations (Fig. 6). On the other hand,

Acacia etbaica inhabiting the hill-slopes demonstrated a J-shaped distribution, while in the

wadi-bed it showed an inverse J-shaped distribution. The entire populations (i.e. inhabiting

both of the hill-slopes and wadi-beds) of Anogeissus dhofarica attained a J-shaped distri-

bution, whereas all the populations of Blepharispermum hirtum had more or less an inverse

J-shaped or positively skewed size frequency distribution. Meanwhile, all the populations

of Ziziphus spina-christi and Acacia tortilis exhibited a bi-modal shaped size frequency

distribution.
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Tab. 2. Mean values of some demographic variables of the common shrubs and trees in Wadi Gerziz,

Oman. B: Wadi-bed, S: Wadi slope, H: Height and CD: Crown Diameter.

Species

Density

(ind ha
–1

) Height

(cm)

Crown

diameter

(cm)
H:CD

Size class

index

(cm)

r-value

between

H and CDS B

Trees

Acacia tortilis 117 106 538 341 1.57 440 0.89

Acacia etbaica 53 105 413 281 1.47 348 0.92

Acacia senegal 303 116 522 376 1.38 450 0.86

Anogeissus dhofarica 194 139 680 462 1.47 572 0.79

Blepharispermum hirtum 398 170 296 163 1.81 230 0.88

Commiphora habessinica 130 35 154 100 1.53 127 0.89

Commiphora gileadensis 311 — 72 18 3.90 45 0.97

Ziziphus spina-christi 147 133 568 396 1.43 482 0.88

Shrubs

Croton confertus 258 — 592 393 1.50 493 0.82

Ormocarpum dhofarense 67 — 210 179 1.17 195 0.69

Sideroxylon mascatense 215 — 145 75 1.94 110 0.27
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Fig. 6. Size-frequency distribution of the 11 common woody populations in the Dhofar region of

Oman. The ranges of size index classes are as follows: for 8 trees are 1=<100, 2 =100–250,

3=250–400, 4= 400–550, 5=550–700 and 6=>700. For the 3 shrubs are 1=<50, 2 =50–100,
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The shrubs inhabiting the hill-slopes (e.g. Coroton confertus and Ormocarpum dhofa-

rense) have a tendency towards the J-shaped distribution while Sideroxylon mascatense

population showed a bell-shaped distribution. (Fig. 5).

Discussion

The size differences in plant populations revealed in this study may be caused directly or

through differences in growth rates due to age differences, genetic variation, heterogeneity

of resources, competition and herbivory (WEINER 1985). As reported by GRAY (1975), the

topography and relative abundance of plants with a dense crown, along with the frequency

and abundance of rainfall and human impacts are among the important variables to be

accounted for in an attempt to quantify the capacity of species for regeneration. Human

impact in forest environments frequently leads to vegetation changes that take place faster

than natural vegetation transformations, as human impact-caused disturbances often occur

in the form of continuous and widespread stress, e.g. cutting, frequent fires, grazing, and

construction of roads and buildings. In environments where population changes are signi-

ficant, the impact of population change on vegetation structure might override other

demographic parameters (LYKKE 1998). This discussion will consider the significance of

the population changes in the species surveyed in this study.

Populations of Acacia senegal, Commiphora spp. and Blepharispermum hirtum showed

a greater density with a size distribution positively skewed or an inverse J-shaped size

distribution towards the smaller individuals on the hill-slope as compared to the wadi-bed.

The pattern of distribution of these species may represent rapidly growing populations with

high reproductive capacity. While such distributions would tend to suggest a high level of

juvenile mortality (HARPER 1977, EL-SHEIKH 2005), this does not contra-indicate long-term

population stability, since in most stable populations one would expect excess juveniles

over mature individuals (CRISP and LANGE 1976, GOLDBERG and TURNER 1986, SHALTOUT

and AYYAD 1988, EL-SHEIKH 2005).

If human activities increase in the hill-slope areas, however, small individuals will

inevitably die before maturity (LYKKE 1998). This is well demonstrated by the Commiphora

spp., for example, which occurred in greater densities on the hill-slope than in the wadi-bed.

Whereas the steeper and less accessible hill-slopes tended to exhibit fewer signs of human

activity, Commiphora spp. in the wadi-bed appeared subject to over-cutting by natives on

account of its aromatic secretions, which are used in folk medicine (BATANOUNY 1987,

MILLER 1994).

A further advantage provided by the steep hill-slopes was that the tree crowns were

generally arranged in a step-like fashion and tended to be asymmetrical. This imbricate

arrangement allowed more sunlight to penetrate from all sides and enabled individual

densities to increase through creating different microhabitats and therefore greater hetero-

geneity in the substrate (WEISSENHOFER 2005).

Turning now to the endemic shrub Ormocarpum dhofarense, this species demonstrated

a lower density and a J-shaped size distribution on the hill-slopes and disappeared totally

from wadi-bed. The Ormocarpum dhofarense shrubs were particularly vulnerable to human

impact in the wadi-bed, e.g. through overgrazing due to the palatability of this plant, its
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edible fruits, and cutting for folk medicine, firing and construction materials. Moreover, on

the hill-slopes, the presence of tall trees represented a limiting factor for the shrubs with a

negative influence on individual density. Therefore, overall, Ormocarpum dhofarense was

found to be suffering from poor regeneration and insufficient seed dispersal »ballochorous«

(WEISSENHOFER 2005).

Among the regional endemic species Blepharispermum hirtum had the highest density

in the study area with an inverse J-shaped distribution. This may be because it has minute

pogonochores for seed dispersal that allow dispersal by wind distribution. Consequently the

seeds of the plant are able to invade large areas, including those less used by human

inhabitants. This suggests that micro-environmental sites are suitable for their establish-

ment, growth and survival (GRIME 1979; GREEN and JOHNSON 1996; WANG et al. 1999, 2000;

MANABE et al. 2000; HOU, et al. 2004; EL-SHEIKH 2005).

On the other hand, only Acacia etbaica, had a wide range of occurrence positively

skewed towards small individuals in the wadi-bed rather than the hill-slope. This plant has a

higher water demand than other Acacia spp. It tends to proliferate in open environments

such as hillsides and the mouths of wadi openings (delta) with deep alluvial soils that receive

seasonal flood waters (BATANOUNY 1987, MILLER 1994, FETENE 2003). Wadi mouths store a

significant amount of shallow groundwater where seepage of moisture and runoff collect

from the hill-slopes (MILLER and MORRIS 1988, HILDEBRANDT and ELTAHIR 2006). More-

over, the ground surface of this habitat is covered with conglomerates and boulders which

decrease evaporation and provide shelter for saplings. Acacia etbaica also has a hard stem

nature to encroacher overgrazing and has a capacity to recover these degraded sites

following enclosures of a few years (FETENE 2003). Field observation confirmed that this

plant is able to regenerate following significant disturbance, such as cutting and overgrazing

– events which also lead to a clumped distribution of young trees around older mother trees,

as well as re-sprouting from dormant stems. Overall, Acacia etbaica ability for vigorous

regeneration is a strategy well adapted to the environmental disturbance which is common

in the contemporary cloud forest.

The entire population of Acacia tortilis and Ziziphus spina-christi had the same density

and bi-modal bell shaped size distribution, which tends to indicate a comparable proportion

of juvenile and mature individuals. If the current situation continues, however, the bimodal

size distribution would tend to predict a reduction in the population size of this species in the

future (SHALTOUT and MADY 1993, AL-SODANY 2003, EL-SHEIKH 2005). This distribution

might have resulted from an initially unimodal size distribution with a discontinuous

variation in exponential growth rates among individuals. Sources of discontinuous variation

may be due to environmental heterogeneity, gaps, variations in pedo-topography, altitude,

impact gradients, undulation, light and soil conditions. It is known that the size structure of

some species decreases with increasing undulation and decreasing soil depth (TAKAHASHI

1994, PELISSIER and GOREAUD 2001, NISHIMURA and KOHYAMA 2002). In addition, fluctu-

ation in the availability of water from the short, wet, monsoon season to the long dry season

may cause a variable input of new seedlings to the population each year (SHALTOUT and

AYYAD 1988). Regarding the gaps, once vegetation is degraded, it becomes more difficult to

re-establish due to a reduced level of filtered precipitation by trees, which creates an

unbalance in the availability of water (HUSTON 1986, GHAZANFAR 1998, MASAKI et al. 1992,
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TANAKA et al. 2008). Moreover, mature trees change the conditions within their own

microsite, which affects the establishment of the same or other species (WILSON and AGNEW

1992) and thus the distribution of saplings is spatially associated with canopy crowns (either

conspecific or heterospecific). Some sapling distributions overlap mature trees of the other

species along complex environmental gradients (STOHLGREN et al. 1998).

The dominance of Acacia species (as opposed to open canopy species) in the Dhofar

forests is reflective of their ability to survive and succeed in such adverse conditions

combining long dry periods and increasing human activities. In particular it is recognised

that the acacia's ability to utilise dormancy as a means of avoiding climatic stress is of great

importance in allowing the colonization of habitats unfavourable for growth at certain times

of the year (MAHMOUD 1977). In addition, the performance and vigour of acacia trees, as

indicated by the density and size of individuals, is known to differ according to the type of

habitat, altitude, relative ground water content in dry periods, and human activities (MAH-

MOUD 1977, BATANOUNY 1987, FETENE 2003). Moreover, acacias are able to increase as the

main encroacher in overgrazed habitats due to their large shallow lateral roots. TOLSMA et al.

(1987) and SKARPE (1990) attribute the success of shallow-rooted acacias as compared to

deep rooted species in encroaching overgrazed areas to their better access to nutrients,

including nitrogen fixation by Rhizobium. This is probably of particular significance in a

nutrient poor environment, such as a wadi-bed, but access to water is likely to be at least as

important. Therefore, the increase of Acacia spp. in the cloud forest may give a good

indication of the progress of wider vegetation changes that occur in the disturbed sites of

this forest, from a wet closed forest habitat to more open dry savanna conditions. This

steady replacement of the common and endemic woody trees and shrubs typical of the wet

cloud forest is well illustrated by the case of Anogeissus dhofarica (a closed canopy species)

which exhibited a J-shaped distribution towards larger individuals in all habitats of the wadi,

tending to indicate a declining population with limited regeneration capacity or higher

mortality of young individuals. (NARUKAWA and YAMAMOTO 2002, EL-SHEIKH 2005, COOMES

and ALLEN 2007, TANAKA et al. 2008).

In conclusion, most of the studied woody trees and shrubs in the cloud forest, especially

in the wadi-bed site, have been facing many stresses from human activities in southern

Oman during the past 40 years, due to modernization and road construction inside this

natural cloud forest. Some of these studied populations are the endemic species Anogeissus

dhofarica, Maytenus dhofariensis, Ormocarpum dhofarense and it is these that are con-

sidered to be among the most threatened species in the cloud forest of Dhofar region due to

their widespread collection for fodder, medicine, buildings and firewood (MILLER and

MORRIS 1988, GHAZANFAR 1998, BRINKMANN et al. 2009). In general, different types of

human impacts, mainly obvious, cause degradation in the cloud forest in Wadi Garziz. The

size structure frequencies of these woody species give a good indication of the vegetation

changes consequent to this human activity and further indicate that these are occurring

especially in the wadi-bed, which seems to be experiencing a greater level of disturbance

than the hill-slope areas, with a number of threatened species. This information on species

distributions and threats is important for formulating management plans, and the size-class

assessment method can be recommended for use in disturbed environments where changes

are occurring quickly and where environmental management plans are therefore needed

urgently.
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