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Many regions in Libya have begun to show signs of rangelands degradation, the major
causes of which are drought and overgrazing. It has been documented that rangelands
deterioration has led to a reduction in the variety of plants and a decrease in yield, and
this decreases the regenerative capacity of rangeland ecosystem. This study was
conducted on the southern slope of Al- Jabal Al- Akhdar, northeast Libya. The main
objective was to assess shrub rangeland recovery to determine whether or not
exclosures (fenced areas) are an effective method or strategy for the restoration and
rehabilitation of rangelands at the regional level.

Four research areas with moderate to severe degraded soil and vegetation, namely
Madur Zetun, Omguzlan, Thahar Altair, and Ajramiah, were selected along a strong
north-south rainfall gradient, which include a diverse range of soil and vegetation
types. A total of 28 monitoring sites were re-installed and assessed between May and
December 2014. These sites were initially installed and assessed between May and
December 2006. The monitoring sites were installed within the exclosures and in open
rangelands for grazing. The monitoring layout is based on the Western Australia
Rangeland Monitoring System (WARMS). In order to achieve the research objective,
Landscape Function Analysis technique (LFA) and selected Vegetation Indices (VIs)
were employed.

The outcomes of the LFA field data calculations show that the ecosystem function
increased positively with the increase in rehabilitation time of the protected areas
where fences is taking places. The results also indicate an increase in the three indices
of soil surface condition (SSI, Wil and NCI) inside the fenced rangelands. The findings
demonstrate a good linear relationship between the LFA-SSA indices and the selected
Vegetation Indices. NDVI (Normalized Difference Vegetation Index) and MSAVI
(Modified Soil-Adjusted Vegetation Index) were closely correlated to the field data.



Additionally, the results indicate that the vegetation cover did not change or increase in
a large portion of the regions under study even with 80% of the study area still under
severe to very severe conditions of degradation. Finally, estimates show that a period
of 10 years, meant to protect the vegetation from animal grazing may be needed in the
higher rainfall location at the north (Maduar Zetun). Regions that experience low
rainfall situated in the south prior to the recovery of vegetation, and soil surface
condition at the time of grazing, require a long period of protection. Grazing must be
controlled to facilitate the conservation and rehabilitation of rangeland natural
resources.
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ANALISIS PEMULIHAN PADANG GEMBALA DI SELATAN AL-JABAR AL-
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Banyak wilayah di Libya telah mula menunjukkan tanda-tanda degredasi padang
gembala. Antara penyebab utama degredasi ini adalah kemarau dan ragutan lampau.
Terdapat rekod yang menunjukkan bahawa kemerosotan padang gembala telah
menyebabkan penurunan dalam keanekaan tumbuh-tumbuhan dan pengurangan hasil,
dan ini mengurangkan kapasiti jana semula ekosistem padang gembala. Kajian ini telah
dijalankan di cerun selatan Al-Jabar Al-Akhdar, timur laut Libya. Objektif utama
kajian ini adalah untuk menilai pemulihan pokok renek padang gembala bagi
memastikan sama ada exclosures (kawasan berpagar) adalah kaedah atau strategi
efektif untuk pemulihan semula dan rehabilitasi padang gembala pada peringkat
wilayah.

Empat kawasan kajian dengan tanah dan vegetasi pada tahap degredasi sederhana
hingga teruk, iaitu Madur Zetun, Omguzlan, Thahar Altair, dan Ajramiah, telah dipilih
sepanjang utara-selatan kecerunan taburan hujan yang banyak, yang turut mempunyai
pelbagai jenis tanah dan vegetasi. Sebanyak 28 tapak pengawasan telah dipasang
semula dan dinilai dari bulan Mei hingga Disember 2014. Tapak pengawasan ini pada
asalnya dipasang dan dinilai antara bulan Mei dan Disember 2006. Tapak pengawasan
ini dipasang dalam exclosure dan di padang gembala terbuka untuk ragutan. Pelan
susun atur tapak pengawasan didasarkan kepada Sistem Pengawasan Padang Gembala
Australia Barat (SPPGAB). Untuk mencapai objektif kajian, teknik Analisis Fungsi
Lanskap (AFL) dan Indeks Vegetasi (1V) terpilih telah digunakan.

Hasil kiraan data lapangan AFL menunjukkan bahawa fungsi ekosistem meningkat
secara positif seiring dengan peningkatan masa rehabilitasi untuk kawasan terpelihara
berpagar. Keputusan turut menunjukkan peningkatan dalam tiga indeks keadaan
permukaan tanah (kestabilan, penyusupan, dan nutrien berkitaran) dalam kawasan
padang gembala berpagar. Keputusan juga menunjukkan hubungan linear yang baik



antara indeks AFL-SSC dan Indeks Vegetasi terpilih. IVPT (Indeks Vegetasi
Perbezaan Ternormal) dan IVTTT (Indeks Vegetasi Tanah-Terlaras Terubah suai)
berkolerasi rapat dengan data lapangan.

Di samping itu, keputusan menunjukkan penutup vegetasi tidak berubah atau
meningkat dalam kebanyakan kawasan yang dikaji, walaupun 80% kawasan kajian
masih berada pada tahap keadaan degredasi yang teruk hingga sangat teruk. Akhirnya,
anggaran kajian ini menunjukkan bahawa jangkamasa 10 tahun, untuk memelihara
vegetasi daripada ragutan haiwan, mungkin diperlukan di lokasi taburan hujan tinggi di
utara Libya (Maduar Zetun). Kawasan yang mengalami taburan hujan rendah yang
terletak di selatan sebelum pemulihan vegetasi, termasuk keadaan permukaan tanah
pada masa ragutan, memerlukan jangka masa pemeliharaan yang lama. Ragutan mesti
dikawal untuk memudahkan pemuliharaan dan rehabilitasi sumber asli padang
gembala.
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CHAPTER 1

INTRODUCTION

1.1  Background

A rangeland is any area of land that is occupied by native herbaceous or shrubby
vegetation, which is grazed by domestic or wild herbivores. The vegetation of
rangeland may include tall grass prairies, steppes (short grass prairies), desert
shrublands, shrub woodlands, savannas, and tundra. Temperate and tropical forests that
are used for grazing can also be considered rangelands (Britannica, 2014). Rangelands
are important resources that support the national economy. They are an essential
foundation that support and develop the animal products industry. Sustainable and
renewable if tended to properly, rangelands can cover an area of over 37.5 million km?
or almost 61% of all dry lands in the world. However, land areas considered as
rangelands vary from 18% to 80% (Lund, 2007; Middleton and Thomas, 1997). The
most common form of land utilization activities in arid and semi-arid rangelands is
ranching (Middleton and Thomas, 1997). Rangelands offer infrastructure for two main
industries including the meat industry, which supplies food for many people around the
world, and the wool industry, which utilizes sheep wool. In regard to semi-arid areas,
rangelands provide an opportunity for socio-economic activities because they support
pastoralist culture and the economy (Conner et al., 2001; Svoray et al., 2013).
Nevertheless, in spite of their relevance, rangelands are still under constant threat from
human encroachment, erosion, wearing, and the effects of drought.

The process of degradation in African rangelands is a result of human practices and
changes in climate; about 31% of rangelands and 19% of forests and woodlands on the
continent are considered degraded lands (Kapalanga, 2008). Erosion and exposure to
chemical and physical damage have degraded 65% of agricultural land. Previously,
overgrazing was cited as a major factor influencing degradation on the African
continent. The degradation rate of Mediterranean steppes in North Africa is 1% per
year, and this correlates to a high rate of degradation (Le Houerou, 2000; Le Houerou,
2001). Rangelands present in the western part of North Africa are found in the region
between the Sahara desert and marine coastal areas where harsh conditions prevail
over the environment. Low and erratic rainfall, high temperatures with high rates of
evaporation, and shallow and poor soils characterize the environmental conditions in
these regions. Management of the aforementioned rangelands in terms of sustainable
forage production remains a major challenge.

Libya is an area that spans 1.7 million km?; 148,330 km? is rangeland and 3,380 km? is
forest and woodland (Figure 1). There is privatization of production, with some
projects owned by the government, including irrigation of cereals and production of
forage in arid regions. In North East Libya, the South Al-Jabal Al-Akhdar Project,
initiated in 1973, is still on going and is currently referred to as the ‘Pasture
Development Project’ (PDP). This major governmental project has attempted to



improve the condition of large areas of rangelands through a variety of strategies
including seasonally-controlled grazing, construction of numerous check dams,
digging of channels, establishment of cereal and fodder farms, and substantial
associated infrastructure such as houses, roads, electricity, wells, and irrigation. More
recently, the project has protected at least 6,000ha from grazing and has re-planted or
reforested much of this area.
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Figure 1. Land Cover and Vegetation Map of Libya
(GLCN, 2010)

As mentioned in the last line of the previous paragraph, the Pasture Development
Project has established a series of fenced, protected areas known as exclosures, many
of which are planted with exported species. There are also exclosures where natural
vegetation recovery is allowed to occur. In 2006, 28 monitoring sites were installed
and assessed inside and outside selected exclosures. This provides an opportunity to
assess and analyze rangeland recovery and degradation within areas protected from
grazing, as well as open areas for grazing.

1.2 Importance of the Study

Approximately 90% of the area occupied by Libya is desert, with the exception of the
Al-Jabal Al-Akhdar region and the coastal strip. Al-Jabal Al-Akhdar (the green
mountain) is a range in northeastern Libya in Cyrenaica, a province long renown for
verdant mountains, a spectacular Mediterranean coastline, and well-preserved ancient
Greek architecture. The mountain is the highest range in northern Libya and forms a
broad promontory in the Mediterranean Sea, bound to the west by Wadi Al Bab and
the east by the Bay of Bombah (SWECO, 1986).
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According to the World Conservation Monitoring Center, the total species number of
existing plants tends to 2059. These plants cannot be categorized as rich flora when
compared to the country at large. The Maquis is the natural existing vegetation that
occupies the Al-Jabal Al-Akhdar region. Even though the Al-Jabal Al-Akhdar region
covers almost 1% of the entire area of Libya, it is still the richest part of the country
with respect to biodiversity. There are over fifty percent of total plant species present
in this region, making up 1100 different plant species, 75 of which are endemic  (El-
Darier and EIl-Mogaspi, 2009). It should also be noted that this region is home to a
variety of medicinal and aromatic types of flora (Eldoumi et al., 2002).

1.3  Significance of the Study

This study used quantitative assessment methods for evaluating the effectiveness of
exclosures (fenced areas) in rangeland restoration by assessing vegetation and soil
condition inside and outside the exclosures. The study provided updated and
documented information which will help the decision makers to take appropriate
decisions regarding rangeland rehabilitation and conservation. The moral of this
research lies in the continuity of previous work carried out in the region and a
reference for future studies. The study may also be helpful in improving vegetation
regeneration and developing strategies in order to eventually implement the exclosures
as sustainable utilization.

1.4 Problem Statement

Many factors and human activities have caused rangeland degradation, leading to
significant changes in landscape and original flora of the southern Mediterranean
countries over the past 100 years (Le Houerou, 2000; Zatout, 2014). These activities
include overgrazing, deforestation, inappropriate agricultural practices, fire, urban
expansion, and industrial activities. However, the overgrazing factor has had the
strongest effect on degradation (Figure 2). All the above-mentioned activities have led
to destruction of native flora and has caused an increase in blowing sands and
emissions of dust.

In the south Mediterranean area, overgrazing and wind erosion are the main reasons of
desertification. Also, incorrect policies regarding control of desertification have
paradoxically increased the amount of area prone for desertification. These policies
have also delayed recovery of degraded land. About 12,672 km? of the Libyan
rangelands are considered to be degrading areas, in which about half a million people
are affected (Bai et al., 2008). Sheep, goats, and camels extensively graze the southern
slope of Al-Jabal Al-Akhdar rangelands. Severely degraded soil and vegetation are
widespread (Gebril and Saeid, 2012; Mahmoud et al., 2008). The amount of grazing
animals in the region is considered so large that the natural rangeland areas cannot
provide the livestock with its full forage requirements. The number of grazing animals
has increased rapidly from 119,800 in 1980, to 152,930 in 2008 (Abdalrahman et al.,
2010).
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Figure 2. The Factors That Affect Vegetation Cover in Al-Jabal Al-Akhdar
(Abdalrahman et al., 2010)

The ecosystem of Al-Jabal Al-Akhdar is considered at risk of desertification due to
Libya’s prevalent climatic conditions, but the rangelands that are situated to the south
of the Al-Jabal Al-Akhdar zone are still in pristine state and so self-sustainable such
that the area can deal with minor ecosystem problems (Zatout, 2014). Degradation
effects worsen due to processes that arise as a result of inappropriate or unsustainable
land use practices, eventually resulting in very substantial, near permanent decline in
ecosystem health and productivity. In a thoroughly comprehensive study, SWECO
(Swedish Environmental Consultancy) reported that pasture yield in the Al-Jabal Al-
Akhdar rangelands falls somewhat below the average of the Mediterranean Basin
(SWECO, 1986). At the time, the measured productivity in terms of carrying capacity
and forage biomass energy yield for 1986 and forecast productivity improvement in 15
years (by 2001) subject to the SWECO range management plan was set to be
implemented. Unfortunately, the plan did not follow through and much of the
rangelands continued to be utilized unsustainably resulting in continued soil and
vegetation degradation. Forage Production was found to be very low in the grazing
areas compared with the exclosures in the Al-Jabal Al-Akhdar rangelands (18.69 and
6.66 gm/m? respectively), as reported in one notable research conducted in 2006
(Sanosi, 2008).

Signs of desertification in the Al-Jabal Al-Akhdar rangelands include marked
reduction or complete loss of vegetation cover, accelerated soil erosion, and increased
frequency of dust storms, edaphic drying, reduced biodiversity, reduced habitat
diversity, and reduced primary productivity (crop yield, animal productivity). The
principle behind this is that the natural vegetation cover is being degraded and specific
ecosystems become highly susceptible to further degradation. Hence, major effort to
conserve and reestablish the natural vegetation in the Al-Jabal Al-Akhdar rangelands is
called for. It has been documented that the deterioration and degradation of land
quality has led to a decrease in the growth of palatable plant varieties; ultimately they
become extinct. Consequently, due to the ongoing reduction in the variety of plants and



a decrease in yield, a disparity is created and this decreases the regenerative capacity of
an ecosystem. So, the ecosystem finally reaches a stage where the changes are
irreversible and then gradually ceases to exist. Rangeland management is crucial in the
control of animal grazing and in achieving the maximum integration of both supply
and regulation of ecosystem services.

As mentioned in the background, 28 monitoring sites were installed in the study area to
produce a considerable amount of information and data base, useful in monitoring the
desertification process in the Libyan rangeland. In regard to the project’s development,
it is necessary to mention that gaps of eight years are unacceptable. Although, the
project was intended to be a long term continuous monitoring, the data base was never
utilized until the date of this research. Therefore, through the use of this data base, the
intention is to fill these gaps. One of these gaps is represented by the fact that remote
sensing was never applied in the southern Al-Jabal Al-Akhdar rangelands, in
particular, for grazing analyses.

1.5  Objectives of study

This study aims to monitor and assess shrub rangeland recovery in the southern slope
of the Al-Jabal Al-Akhdar rangelands to determine whether or not exclosures (fenced
areas) are an effective method or strategy for the regeneration and rehabilitation of
rangelands. From the main objective, the following specific objectives are formed:

1- Toinvestigate changes in perennial plants, landscape function, and soil
surface condition in open grazing and protected areas.

2- To quantify the recovery rate of perennial plant cover in rangelands in the
study area.

3- Toassess selected Vegetation Indices for mapping the degradation status of
rangelands.

4-  To assess the ability of selected VVegetation Indices for predicting landscape
function indices.

5-  To propose rehabilitation and conservation strategies for the study area.

1.6  Scope and Limitations

The southern slope of the Al-Jabal Al-Akhdar experience a strong north-south rainfall
gradient and contain a variety of land systems (vegetation — soil — landform
associations). Three main revegetation techniques are presently used in the region in
areas protected from grazing (exclosures), namely, tree planting (plantations), shrub
replanting and natural vegetation recovery. The research strategy was to undertake
comparative study of selected exclosures and open areas for grazing in order to
document the difference in rangeland condition. It is principally a quantitate study of
measurable plant and soil attributes, but also produced comprehensive supporting
material (Peter, 2006). Four areas have been selected so as to encompass:

e Rainfall gradient from about 250mm per year in the north to less than 50mm
in the south.



e  Shrub replanted and natural vegetation recovery techniques.

e  Soil types from upland, stony reddish brown loam to light brown silty desert
loam on the low flat alluvial plains.

o Vegetation formations from dwarf shrub steppe to stem and leaf succulents
steppe.

The study focus was principally on the lower rainfall zones where revegetation is
technically more difficult. Here only shrub replanting and natural vegetation recovery
techniques are practiced, and it is in these areas that PDP Authority has the most
difficultly in convincing local communities to adopt sustainable land use practices
(controlled grazing), and the benefits of protecting areas from grazing. In the higher
rainfall zone closer to the catchment divide, tree replanting is successfully practiced
without much technical difficulty and local community acceptance is much higher. In
the future, it is anticipated that the PDP will progressively incorporate more exclosures
to the east within the PDP Authority management region. Selection of these exclosures
will probably utilize the same criteria given above.

The research was structured initially as two complementary parts. Each part is self-
contained and manageable study in three years, but each part was contributed to the
overall research objective and linked to the other. The two component parts are:

1- Landscape Function Analysis (LFA).

This study aimed to document differences in landscape functioning (macro-scale
nutrient and water capture process) and soil surface condition (SSC) between
exclosures and open areas for grazing. It entailed detailed measurements of landscape
and soil surface attributes at numerous transects monitoring sites, data analysis and
interpretation.

2- Remote sensing technology.

The goal of this part was to assess and map rangeland degradation on south slope of
Al-Jabal Al-Akhdar region using satellite imagery and Geographic Information System
(GIS).

The research has proceeded well, despite unavoidable and considerable limitations.
Firstly, the number of monitoring sites installed in 2006 (28 sites in four locations) is
smaller compared to the overall study area. The impact of this limitation was reduced
by analyzing the data for each sub-study area. As such, for future studies, the number
of monitoring sites should be increased in order to insure that there is a limited level of
experimental errors.

The second limitation is the exclosure's management, where the rangeland is not
protected completely and, in some situations, the grazing animals can be observed
inside a fenced area. However, this was not a frequent encounter.



Another inherent limitation to the study was the time, as the work field had to be
performed in limited time, according to the study area in Libya and the University in
Malaysia. Also, data regarding rainfall and temperature during the period between
2006 and 2014 was not found. As such, this limitation was solved by using the general
trend of the rainfall in the study area, as well as the changes encountered within the
map of Precipitation in Africa. This information revealed that there were no changes in
the study area regarding the rainfall (Appendix F1).
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