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1.0 Introduction
 

This draft environmental profile summarizes information
 
available in the United States on the natural resources
 
and environment of the Democratic Republic of Sudan. The
 
report reviews the major environmental problems of Sudan
 
and the impact of the development process upon resources 
and the environment. This draft report represents the 
first step in developing an environmental profile for use 
by the U.S. Agency for International Development (U.S.
 
AID) and Sudanese government officials. The next step in
 
this process should be a field study to evaluate the 
information presented here, obtain additional 
information, and define the issues, problems, and 
priorities in greater detail. This entire process should
 
help provide direction in future efforts to deal with the
 
management, conservation, and rehabilitation of the
 
environment and natural resources.
 

The information and interpretations in this report are
 
preliminary and are not intended to attain the detail and
 
accuracy required for development planning. The report
 
represents a cooperative effort by the Man and the
 
Biosphere (MAB) project staff of the Arid Lands
 
Information Center (ALIC). The primary research,
 
writing, and analysis of most of this profile were .ne
 
by Mark Speece, through the resources of ALIC and the
 
University of Arizona Library. Steven L. Hilty did the
 
work on sections pertaining to fauna and conservation
 
measures. The cooperation of James Corson, AID/MAB
 
Project Coordinator, and other AID personnel is
 
gratefully acknowledged.
 

Arid Lands Information Center (ALIC)
 
MAB Project Staff 

Charles Hutchinson Director, Arizona Remote Sensing 
Center; Profile Coordinator 

Mark Speece Profiler 
Steven L. Hilty Profiler 
Mercy Valencia Profile Editor 
Robert G. Varady Profiler 
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2.0 General Description
 

2.1 Geography and Climate A/
 

The Democratic Republic of Sudan covers an area of
 
approximately 2,506,000 sq km in northeast Africa. The
 
country possesses a coastline on the Red Sea, with one
 
important port (Port Sudan), but is actually not
 
particularly seaward oriented. Bordering countries
 
(clockwi.,e from the Red Sea Coast) are Ethiopia, Kenya,
 
Uganda, Zaire, Central African Republic, Chad, Libya, and
 
Egypt. According to O'Conner (1978), Sudan spans three
 
major African ecological zones: desert, semi-desert,
 
savanna. The northern half of Sudan is classified as
 
arid to hyperarid by UNESCO (1977). Most of the rest of
 
the country ranges from semiarid to subhumid in UNESCO's
 
classification. Only the southwest corner does not
 
suffer from any significant moisture deficit. Figure 2.1
 
gives an overview of climatic regions in Sudan.
 

Sudan has few highland areas, and most of these are found
 
on the fringes of the country. In Darfur, Jebel Marra's
 
elevation is nearly 3,100 m, and Mt. Kinyeti on the
 
frontier with Uganda reaches nearly 3,200 m. The Red Sea
 
hills range from between 2,200 to 2,700 m. Aside from
 
these three areas of highlands, only Jebal an-Nuba is
 
particularly distinctive in Sudan's relief, but the
 
highest point is only around 1,450 m. The vast majority
 
of the country is under 800 m, and most of the Nile
 
Valley lies between 300 and 400 m (Figure 2.2). Several
 
geographical regions are usually distinguished, based on
 
a combination of climatic zone and topography. They
 
include:
 

Northern Desert region (approximately D1.1, D1.2, r2 of
 
Figure 2.1) is nearly uninhabited except for the densely
 
populated Nile Valley which runs through it.
 

Plains include most o' the country outside of mountainous
 
regions, the Nile Valley, and the northern desert region.
 
These plains are relatively featureless, characterized by
 

1 Sources: Buursink. 1971.
 

Europa. 1981.
 
Nelson. 1973.
 
Oliver. 1965.
 
Oliver. 1969.
 
Thimm. 1979.
 
el-Tom. 1969.
 
U.S. AID. 1981a.
 
Whiteman. 1971.
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low rolling hills cr stabilized sand dunes. Savanna
 
vegetation 	 varies from relatively sparse on the f::inges 
of thu desert to fairly lush in the south.
 

Mountains include those highlands described above. The 
Red Sea Hills are arid and inhospitable to human 
settlement. The Jebel Marra area is somewhat better 
watered, and supports sedentary agriculture, as does the 
Jebel Nuba region of Kordofan. The Immatong and 
Dongotona Mountains along the southern border are 
relatively sparsely populated, and are covered partially 
by rainforest. 

The Sudd swamp region of southern Sudan is sometimes 
distinguished separately, as is the Nile Valley.
 

Rainfall averages less than 25 mm annually in the
 
northernmost part of the country (Figure 2.3). It 
generally increases toward the south, averaging 200 mm
 
annually around Khartoum, and 800 mm on the northern
 
fringes of 	the swamps. The southern borderlands receive
 
over 1,400 	nun annually. The rainy season lasts from
 
April to October in the south, decreasing in length
 
toward the north. At Atbara July and August are
 
generally 	 the only months to receive substantial
 
rainfall. 	 The reliability of rainfall also decreases
 
rapidly f£om south to north.
 

Mean daily temperatures are fairly high throughout Sudan 
(Figure 2.4). Mean daily maximum in the hottest month is 
above 400 C throughout the northern half of the country, 
and generally in the high 30s throughout the rest of the 
country except the highlands along the southern border.
 
The mean daily minimum generally ranges from 100 to 200 C
 
except in Jebel Marra, where it is about six to eight
 
degrees C (cf Figure 2.1, legend). Additional climatic
 
data may be found in Appendix I.
 

2.2 Population Characteristics Z/ 

U.S. AID (1980) estimates, which agree fairly well with
 
most other figures, placed Sudan's population at
 
approximately 18,340,000 in mid 1980. The growth rate is
 
apparently unknown; estimates range from 2.1 (U.S. AID
 
1978) to 2.6 (U.S. AID 1981a) to 3.0 (U.S. AID 1980).
 

2 Sources: 	 el-Bushra and el-Sammani. 1977.
 

Europa. 1981.
 
U.S. AID. 1978.
 
U.S. AID. 1580.
 
U.S. AID. 1981a.
 
World Bank. 1981.
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2.2.1 Distribution
 

Based on the 1973 census, which has not been
 
officially accepted, 17 percent of Sudan's
 
population was considered urban in that year.

Urban growth rates averaged around 7.2 percent
 
annually, so that by 1978, 24 percent was urban.
 
A projected 31 percent of Sudan's 20.3 million
 
people will live in urban areas by 1985, according
 
to U.S. AID (197q). The proportion of urban
 
population is usua±ly higher in the north than in
 
the south (Tables 2.1 and 2.2). Principal urban
 
centers are 	noted in Table 2.3.
 

Average population density is estimated at about
 
seven persons per sq km with rates rising to 55
 
persons per sq km on arable land (U.S. AID 1980).
 
The areas of highest concentrations are around
 
Khartoum and along the Blue Nile south of Khartoum
 
(Figure 2.5). The northernmost part of the
 
country is nearly uninhabited except for villages
 
along the Nile River.
 

2.2.2 Composition /
 

The 1955/56 census listed 56 separate ethnic
 
groups, subdivided into 597 subgroups. The
 
results also indicated that 115 different
 
languages were spoken in Sudan. Ethnic group and
 
language do not always coincide, and distinctions
 
are often confusing between similar groups or
 
languages. A rough division can be made between
 
Arabs and arabized northern Sudanese, and the
 
African southerners. Differences have been so
 
great that civil war broke out along these lines
 
in the mid 1950s. The conflict was not resolved
 
until 1972, when a negotiated settlement was
 
reached.
 

Arabs had been migrating to Sudan at least since
 
the first century AD, but only moved into the
 
region in great numbers after the decline of the
 
Nubian Kingdoms in the thirteenth century. They
 
soon spread throughout the area north of the Sudd,
 
and mixed with indiginous ethnic groups. They now
 
form the largest single group in Sudan,
 
constituting 38.8 percent of the population
 
according to the 1955/56 census (Table 2.4).
 

3 Sources: 	Europa. 1981.
 
Nelson, et al. 1973.
 
U.S. AID. 1981a.
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Table 2.1. Population, Urbanization and Growth
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Urban 
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"- 3c) 
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Source: 
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Table 2.2. Projection of Urban/Rural Population in the Sudan
 

'"r a.n ?=mulat.ion
 

Towns 20,000-


Towns 10-20,000 


Towns under 10,000 


Total Urban 

(3rcwtn Rate) 

Rural Pozulaticn 

(Growth Rate) 

Total Sudan 

(Growth Rate) 

19",3_____ 
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2,736.9(18%; 
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{-.2%Ivr (-1.2%/vr 

16,876.9 20,348.5 

(+2.6%/yr) (+ 2 . 7 %/yr) 

Source: U.S. AID. 1978.
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10.7 19.8 56.7 


26.2 40.5 54.5 


8.0 14.8 53.4 


11.8 20.7 38.6 


9.7 17.9 37.1 

8.1 17.6 32.6 


16.5 19.8 27.6 


12.3 15.9 26.8 


8.7 12.1 24.3 


11.4 16.7 22.3 

6.3 8.9 20.7 


660.4 1074.4 1894.1 


*The 13 cities given priority in the Six Year Plan
 

Source: U.S. AID. 1978.
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Table 2.4. Major Ethnic Groups in Sudan, 1955/56 Census
 

PrincipW 

Lovtion 


Ethnic Group (by ptovineat 


Northern Region 
Araba .....................Blue Nile
 

Northern 
Khartoum 
Kordofan 
Darfur
 

Nubians .... ...... . ....... Northern 

Beja ..................... Kassala 

Nuba ......................... Kordofan 

Fur............................ Darfur 

Zaghawa......................... do.. 

Darfung peoples ................ Blue Nile 

W est Africans .... .......... Ka a6 


Blue Nile 
Other ..........................Various 


Southern Region
 
Dinka ......................... Bahr el Ghazal 

Nuer .......................... Upper Nfile 

Shilluk ....................... ...do ...... 

Bari ......................... Equatora 

Lotuko .................... do .... 


Toposal......... ................ do. 

D idinga ....... .................. do... 

Azande.......................... do.'... 

M oru ........................... do 

Bongo and Baka ................ Bahr elGhazal-

Equatoria 
Ndogo' ........................ Bahr el Ghazal 
Other .......................... Various 

Total ...................................... 


'Afriecm oriwnating in countrim of Sudan. 
'And related peoplm.
'Dow ot 100 beeguw of roudjns. 

Source: Nelson et al. 


Pamutaus
 
Nunb oi of Total 

Pensome Population 

3,990,000 38.8 

330,000 .3.2 
646.000 6 3 
573,000 5.5 
170,000 1.6 
60,000 0.6 

173,000 1.6 

2 0 5

602,000 5.8 

936,000 9.0
 

1,152,000 11.2
 
460,000 4.5
 
100,000 1.0
 
211,000 2.0
 
116,000 1.0
 
120,000 1.2
 

51,000 0.5
 
212,000 2.0
 
110,000 1 1
 

47,000 0.5
 
71,000 0.7
 
133,000 0.1
 

10,263,000 98.21 

1973.
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Arabs are still found in all areas of Sudan north
 
of the Sudd, but still have not penetrated the
 
southern provinces in any great numbers (Figure
 
2.6). Arabic language is even more widespread;
 
over half the population of Sudan uses Arabic as
 
their primary language, and everywhere but in the
 
southern provinces it serves as a linga franca.
 
Arabic is one of Sudan's official languages.
 

The Nubians were concentrated primarily in the
 
Northern Nile Province along the river. However,
 
a tendency to migrate for better work
 
opportunities as well as resettlement schemes to
 
compensate for land lost to Lake Nasser has spread
 
them to many other areas. Khartoum, Kassala, and
 
Khashm al-Girba are three areas of particularly 
high Nubian concentrations. Nubians 
enthusiastically adopted Islam after the 
thirteenth century, and eemain thoroughly Muslim
 
today. Their continual striving Lor education,
 
combined with a willingness to migiate has given
 
the Nubians somewhat more influence in government
 
and the economy than their 3.2 percent of the
 
population would lead oni to expect.
 

The Beja are another northern Muslim people found
 
mostly in the Red Sea and Kassala Provinces.
 
While Nubians are mostly sedentary cultivators,
 
Beja are mostly nomads. The third major non-Arab
 
northern people are the Nuba, who are mainly
 
sedentary and inhabit Kordofan, particularly the
 
southern part. Like the other northern peoples,
 
the Nuba are Muslim. Darfur, in western Sudan,
 
also contains a number of peoples who are included
 
in the overall category of northern Muslims,
 
although they are generally less Arabized than
 
most other non-Arab northerners. The Fur and the
 
Daju are sedentary, while the Zaghawa are nomadic.
 

While the southern non-Muslim peoples often have
 
little in common, they may be contrasted with the
 
Muslim and fairly Arabized north. Southern ethnic
 
groups are often grouped into Nilotes and
 
"Sudanic" peoples. Both groups are more closely
 
related to the Black African cultures in
 
surrounding countries than to the Arabized Muslim
 
culture of the northern part of Sudan. Various
 
African religions predominate, with some Christian
 
influence. Arabic is not widely understood, and
 
there is fairly great resistence to importing
 
Arabic or other aspects of northern culture.
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A Arabs 15 Gule 30 Nyangbara
1 Nubians 16 West Africans 31 Mandari 
2 Berkid 17 Dinka 32 Toposa
3 Midob 18 Nuer 33 Didinga 
4 Hill Nubians 19 Atuot 34 Beir 
5 Beja 20 Shifluk 35 Murle 
6 Nuba 21 Anuak 36 Azande 
7 Fur 22 Thuri 37 Belanda 
8 Daju 23 JoLuo 38 Moru 
9 Zaghawa 24 Acholi 39 Madi 

10 Berti 25 Bari 40 Bongo 
11 Ingaumna 26 Lotuko 41 Baka 
12 Berta 27 Kakwa 42 Ndogo 
13 Koma 28 Pojulu 43 Feroge 
14 Uduk 29 Kuku 

Figure 2.6. Principal Ethnic Concentrations in Sudan, 1972
 

Source: Nelson et al. 1973.
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Since the negotiated end of the civil war in 1972,
 
English has been given semi-official status in
 
Sudan in deference to southern wishes.
 

Major Nilotic peoples include Dinka, the second
 
largest single group in Sudan after Arabs; the
 
Nuer; and the Shilluk. Numerous other smaller
 
groups are also classified as Nilotic. Dinka are
 
primarily found along the Bahr al-Arab, Bahr al-

Ghazal, and along the White Nile north of Malakal.
 
The Nuer primarily inhabit the area around the
 
Bahr az-Zaraf, and the Shilluk inhabit the area to
 
the north near the mouth of the Sobat. The
 
economy of 	all of these tribes is based on various
 
combinations of cattle herding and cultivation.
 

The Azande are the largest Sudanic group. They
 
inhabit the Western Equitoria Province, but most
 
Azande are found in Zaire. Other Sudanic groups
 
also found in the border regions of the south,
 
likewise inxhabit both Sudan and neighboring
 
countries. Most practice various forms of
 
cultiv&tion.
 

2.2.3 Migration and Urbanization 4/
 

As noted in Section 2.2.1, urbanization is
 
proceeding quite rapidly in Sudan. The three city
 
area of Khartoum, Khartoum North, and Omdurman
 
forms the largest urban cluster, and projections
 
indicate a population of over five million by the
 
year 2,000 (Table 2.5). The three cities area may
 
be the largest urban concentration in Sudan, but
 
other cities are growing much faster. Juba and
 
Waw, in particular, showed very high growth rates,
 
and in general the urban growth rate is higher in
 
the southern part of the country (Figure 2.7; cf
 
Table 2.3; Appendix II, Table 2).
 

Migration from rural areas is clearly the primary
 
factor, but a significant proportion of migrants
 
in some cities come from abroad. Sudan is on the
 

4 Sources: 	 el-Bushra. 1979.
 
el-Bushra and el-Sammani. 1977.
 
Heinritz. 1981a.
 
Heinritz. 1981b.
 
Nelson et al. 1973.
 
U.S. AID. 1978.
 
U.S. AID. 1981a.
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Table 2.5. Projection of Population in Selected Cities (thousands)
 

1973 

Khartoum 
(3 city Area) 800 

(+7.3%yr) 

Por: Sudan 135 

(6.5%/yr) 

Obeid 92 

(4.7%/yr) 

Juba 57 

(+13%/yr) 

Source: 

1978 


1,050 (1) 


(#5.6%/yr) 


250 (2) 


(413.1%/yr) 


107 (3) 


(+3.5%/yr) 


90 (4) 


(9.6%/yr) 


U.S. AID. 


1985 


1,740 


( 7.5%/yr) 


388 


(+6.5%/ r) 


136 


(+3.5%/yr) 


150 


(+7.5%/yr) 


1978.
 

1990 2000 

2,500(1) 

(+7.5%/yr) 

5,150 

(+7.5%/yr) 

530 

( 6.5%/yr) 

1,000 

(+6.5%/yr) 

165 

(+4.0%/yr) 

245 

(+4.0%/yr) 

215 

(&7.5%/yr) 

440 

(-7.5%/yr) 
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pilgrim route for West Afrcian Muslims traveling
 
to Saudi Arabia. A sample survey of migrants to
 
the Khartoum area revealed that nearly 30 percent
 
were from abroad, nearly all from Chad, Nigeria,
 
Niger, and Upper Volta (Table 2.6). Within Sudan,

the majority of migrants in the Khartoum area come
 
from Darfur and Kordofan.
 

2.2.4 Public Health 5/
 

Sudan has given health care high priority since
 
independence in 1956, and many experts consider
 
Sudanese health planning activities to be an
 
excellent example of health care development at
 
its best (U.S. AID 1976). Rapid progress has been
 
made in combatting many diseases, such as typhus.
 
plague, yellow fever, cholera, and small pox.

Nevertheless, the overall health situation still
 
requires much progress, and many serious problems
 
have yet to be overcome. The crude death rate was
 
estimated at about 18 per 1,000 in 1978, 
 an
 
improvement from 25 per 1,000 in 1960. Death
 
rates among children one to four years of age were
 
about 31 per 1,000 in 1977, also down from 46 per

1,000 in 1960. The infant mortality rate in 1973
 
was around 132 per 1,000 and life expectancy at
 
birth in 1978 was about 46 years. Poor health
 
conditions, particularly outside the major urban
 
areas, may be partially attributed to
 
malnutrition, lack of sanitation facilities, and
 
absence of knowledge about personal hygiene or
 
preventive health measures. Shortages of medical
 
personnel and facilities further exacerbate public
 
health problems.
 

Diseases (Table 2.7). Malaria is endemic
 
throughout most of Sudan, with sporadic epidemic
 
out-breaks. Once largely seasonal in incidence,
 
malaria now occurs year round, due to irrigation
 
development over the last several decades. Sudan
 
was one of the first countries in the world to
 
institute 	malaria control programs over 30 years
 
ago, and 	by 1960 was receiving substantial aid
 

Sources: 	 Hasseeb et al. 1972.
 
Nelson et al. 1973.
 
U.S. AID. 1976.
 
U.S. AID. 1980.
 
U.S. AID. 1981a.
 
U.S. AID. 1981b.
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Table 2.6. Birthplace of Migrants in Khartoum by Province
 

Region/Province 


West 


by Province
 
Northern Darfur 

Northern Kordofan 

Southern Darfur 

Southern Kordofan 


South 


by Province
 
Bahr el Ghazal 

Eastern Equatoria 

El Buheyrat 

Jonglei 

Upper Nile 

Western Equatoria 


Central 


by Province
 
Blue Nile 

Gezira 

Khartoum 

White Nile 


North 


by Province
 
Kassala 

Red-Sea 

Nile 

Northern Province 


Foreign 

Nigeria 

Upper Volta, Niger 

Chad 

Zaire 

Central African Republic 


Unknown Origin 


Source: Heinritz. 1981a.
 

Numbers
 

98 


16 

26 

34 

22 


35 


26 

1 

1 

3 

1 

3 


55 


17 

11 

10 

17 


46 


46 

0 

0 

0 


98 

15 

6 


75 

1 

1 


1 


21
 

29.3
 

4.8
 
7.8
 

10.2
 
6.5
 

10.5
 

7.8
 
0.3
 
0.3
 
0.9
 
0.3
 
0.9
 

16.5
 

5.1
 
3.3
 
3.0
 
5.1
 

13.8
 

13.8
 
0
 
0
 
0
 

29.3
 
4.5
 
1.7
 
22.4
 
0.3
 
0.3
 

0.3
 



Table 2.7. Common Diseases in Sudan, 1972
 

Di 

Bilhuital ow aclled 

Schuroolii or admaL
fever,' 

Choler. 
DiDnrerin 

DYsenter ' 
Amenisi 

shigliosau 


Ftariaias
(including iotasi 

and oncrxerc laus, 


HoOicor. 


K-Ja ar (visceral ietinmanua 

Lepr.o 

Ma.,ar. 
.eningiitn 

Onenta soe (cutaneous' 


IfntimanitawIs
 
Po-o~ 

Relsamt fever • 


Sandfi ever 
Slepig sicknes stry:an.aomisli 

Smanox 


Trachoma 

Tuberculosis 

Typhoid and paratvphoid fever 

Venereal disease 
Gonorrhea 
Syphiiii 

Ytaws iionvenereal trepnematoia, 

Yellow ferv 

U."sd T 	 Am is G,15ii 1.. 

nonated Memlylnfwion aequred from rster cont with in the north along the3lie Nile and 
hfrvaJ forms(ere rae) d"ved from irail. 	 White Nilesad in Jamist. Qadrif. and some 

puts of Darfur. 
Ingestion of contaminated ,ateror food. ".omajor outhruak since 1898.
 
Contact with 3 patient or earner Ras milk can Mainly northern ann etern provinces
 

serveas a vehicle
 

Contamtnatel water 	 Prevalent thrulhout 
Contamiated food. milk. water direct contact. Do 
spread~
by Oles. 

3v bite of mosquito infected "mngrove fly." or Nubit Mountan and southern provinces. 
aected blacg fly.

infected larvae on the ground penetrate the bare Serious in the south, especially Bahr aI Ghausi 
Lkin. and Equatona. very moderate in Northernusually the foot 

Provi ce. 
By bite of tofecuve sandflies Kamaa rnd Fun; disuicts. in themoutheast. and 

in Darfur. 
Spread (presumsbil) through close household Widn.pread in the south, especially in the south

contact with infectious patients West 
By bite of infective mosquito Prevalent througnout 
By du'eicontact 	 Southernhalfofcountry, .ubaespecially Mour.-

By bite of infective andfly 	 BahrI, GbuaJ and Equatona. 

Dursenoral contact 	 . PTI'Veseat1thougboUL
 

By bfa mietve loue Almost dimppeared througheontm msasus. 
but outbreaksoccurinJmitrah And along travel 
routesinDarfur. K-ordofan.and Kiwia
 

By bie of infective andflv Endemw In widelyoibtrihuted arems 
BY bite of infective tsetse Limited to southern borders of Equatoria andfly 


Bair a Chaal. 
By closecontat= with patient Occaonal outnirvlks through constant expobure 

to immgrants along major linesof trfo.r. 
Eradicauon wau started in 1962.but acording 
to World Health Oripnmiation. Suusn regs-
Leredfiveormore cas per 100.00 in abi anta 
in 1971. 

By directcortact with discharges of patient, or Northern pravirces 
materials soied therewith. 

By contactwith infected person.. Widespread. predominantly in the north, but i
creasing in south 

By direct or nduect contact with excreta ofpa- Prevalent. heaviest in urban arem and rain 
uent or carner traffic routes 

Bul contact Urban areas, increming in the south Prevalent. 
do. ... . especiul in Darfur and Kordofon
 

By direct contact with asn leions of infected SouLh. mi.Y Bahr alGhamal and Equator
 
persons
 

By the bits ofan infectvemosquito . Endemie in southerin
halfof country but effec

truvycontrolled since last severe epidemicin 
1940;raneinurba areas.
 

Source: Nelson et 	al. 1973.
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from UNICEF and WHO in its programs. Success has
 
been mixed however, and in 1974, one million cases
 
of malaria were reported. The true inciden-:e is
 
believed to be much higher due to inaccurate
 
reporting. Recently, eradication efforts have
 
tended to focus on areas of major economic
 
importance, such as the Gezira.
 

Schistosomiasis accounted for six percent of all
 
visits to health facilities in 1974. The number
 
of reported cases per 100,000 population had
 
increased by 33 percent from 1965 to 1974. The
 
former Blue Nile Province (now Blue Nile, White
 
Nile, and Gezira), with the major concentration of
 
irrigation schemes, by far leads Sudan in total 
incidence (cf Appendix II for incidence of
 
schistosomiasis and other diseases).
 

Enteric diseases are probably one of the three 
most serious health problems along with malaria
 
and schistosomiasis. Children are particularly 
vulnerable, and represent 63 percent of all 
reported enteric disease cases reported annually. 
Of reported cases, about 25 per 1,000 require
hospitalization. The case fatility rate of
 
hospitalized cases is the third highest cause of
 
death reported in hospitals.
 

Onchocerciases (River Blindness) is a water borne
 
or riparian related disease, occuring primarily in 
the Southern Region of Sudan. An estimated
 
160,000 were affected by the disease in the mid
 
1970s, with approximately 37,000 (17h percent) of
 
young males (15-24) suffering from "economic
 
blindness". The trend in incidence is climbing
 
rapidly, with a projection of 200,000 youths (5
14) being infected and 49,000 cases of economic
 
blindness by 1984, unless the present trend is
 
interrupted.
 

Trypanosomiasis (Sleeping-sickness) represents one
 
of the major endemic parasitic diseases affecting
 
the Southern Region of Sudan. It is an important
 
human health problem although the actual incidence 
in humans is unknown. Trypanosomiasis also 
represents an economic problem due to its effects 
on animals, particularly livestock.
 

Pulmonary tuberculosis decreased by 35 percent
 
between 1968 and 1974 (from 404,000 to 263,750
 
reported cases). Sudan has carried out a program
 
of B.C.G. vaccinations which seems to be achieving
 
some success, although 11,666 children with severe 
cases of TB were hospitalized in 1974.
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Cerebro-spinal meningitis, although a major health
 
problem, probably represents one of the lowest
 
causes of hospital admission. Reported incidence
 
is fairly stable, but sporadic outbreaks may occur
 
during the hot dry summers.
 

Other common diseases are noted in Table 2.7.
 

Diet and Nutrition. Many health problems in Sudan
 
are exacerbated by inadequate or unbalanced diet.
 
Diet varies greatly with ethnic group and
 
livelihood. The nomads of the north and west, for
 
example, get nearly half of their protein from
 
milk and clarified butter. Their diet is high in
 
protein and fat and low in vitamins, minerals and
 
carbohydrates. Southern pastoralists add fish to
 
their diet in the dry season, and sane wild fruits
 
and veget.able roots, but otherwise have similar
 
patterns. Sedcntary cultivators, on the other
 
hand, eat mostly sorghum and millet. Their diets
 
are high in carbohydrates and low in protein.
 

Malnutrition seems most prevalent in the eastern
 
districts of the Red Sea and Kassala Provinces,
 
and in western Darfur. Severe cases of
 
malnutrition throughout Sudan constituted 43 per
 
1,000 of all reported cases in 1974. One survey
 
of children revealed that 1,567,352, or about 50
 
percent, suffered some degree of malnutrition,
 
including 31,352 severe cases.
 

2.3 Economic Characteristics 6/
 

The economy of Sudan is still heavily oriented
 
toward agriculture and pastoralism. Agriculture,
 
including forestry, livestock, and fishing,
 
contributed 39.2 percent of the GDP in 1977/78
 
(Table 2.8). It accounts for over half of
 
government revenues, employs about 80 percent of
 
the labor force, and contributes nearly 95 percent
 
of all exports. Per capita GDP is around US$ 320,
 
and Sudan is generally considered one of the
 
world's least developed countries.
 

Agriculture is still largely subsistance oriented
 
for the majority of the population. There are
 

6 Sources: 	Europa. 1981.
 
MEED. 1977.
 
Nelson et al. 1973.
 
U.S. AID. 1981a.
 
U.S. AID. 1981b.
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Table 2.8
 

GROSS DOMESTIC PRODUCT BY ECONOMIC ACTIVITY
 
at current market prices, 1969 to 1978
 

1969/70 1970/71 1971/72 1972/73 1973/74 1974/75 1975/76' 197677' 1977/78Sector LSm. - LSm. _ LS. -- LS-ii-.- ISm.17 LSr. - L-i[- LSn. - l - -

Agriculture 263.7 294.4 
 324.1 344.6 516.4 585.3 691.0 017.7 871.7
 
37.6 30.7 39.0 
 38.4 41.4 38.5 38.9 39.1 39.2
 

Commerce,
 
Ficianca,. tnd 236.0 
 255.6 284.1 313.3 411.5 5!8.5 608.7 714.6
 
Service. 33.6 33.6 34.1 34.9 33.0 34.3 34.3 34.2 34.5
 

Industry 66.8 69.2 76.8 82.9 111.3 142.9 167.2 195.6 209

and tining 9.5 9.1 9.2 9.2 
 8.9 9.1 9.4 9.4 9.6
 

Transport and 
 51.1 50.7 51.3 61.5 74.8 89.4 100.4 112.7
 
Communications 
 7.3 6.7 6.2 6.9 6.0 6.2 5.7 5.4 5.3
 

In Construction 
 24.3 3.5 23.J 3.1 26.4 3.2 31.2 3.5 61.0 4.9 65.0 2.8 81.8 4.6 103.0 4.9 106.5
 4.8
 

Electricity 16.5 16.6 16.9 17.5 18.6 20.9 21.9 23.0 23.5 
and Water 2.4 2.2 2.0 2.0 1.5 2.. 1.2 1.1 1.1 

6
Sub-total (A) 658.4 709.8 779.6 
 851.0 111934 1,422.0 1,671.8 11966.6 2,096.9
 

Percent oZ Total 93.9 93.3 93.7 95.0 95.8 
 94.1 94.1 94.1 94.3
 

(n)

Customs duties 43.1 51.3 52.8 45.8 52.6 
 88.8 105.1 124.4 127.5
 

6.1 6.7 6.3 5.0 4.2 5.9 5.9 5.9 5.7
 

GOP
 

TOTAL (A + B) 701.5 761.1 832.4 
 896.8 1,246.2 1,510.8 1,776.9 2 
 4,421.3t100 loot - 100 -- loot- 100 -100% 001 100%-

'Estimates based on an average rate of growth in each sector during the period 1969/70 to 1974/75. 

Source: U.S. AID. 1978.
 



however, several major commercial farming schemes,
 
including the state run Gezira/Managil and Khashm
 
al-Gerba areas. The major commercial crop is
 
cotton, but groundnuts, wheat, fruits and
 
vegetables, gum arabic, and sesame are also
 
important. Sorghum is the principal grain and the
 
main subsistance crop. Livestock contributes an
 
estimated ten percent to GDP, and an estimated
 
1,427,000 metric tons of milk and 408,000 tons of
 
meat were produced in 1978. Livestock products
 
accounted for about five percent of total exports
 
in that year, but exports are expected to decline
 
because domestic demand is increasing faster than
 
production.
 

Industry's contribution to GDP has risen from
 
practically nothing two decades ago to 9.6 percent
 
in 1978. Sudan has concentrated its industrial
 
efforts to date on light industry, stressing
 
import substitution of basic consumer goods and
 
processing of Sudan's agricultural output.
 
Commerce, finance, and services account for 34.5
 
percent of GDP. Figure 2.8 indicates major
 
economic activity.
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3.0 Environmental Resources
 

3.1 Geology and Mineral Resources
 

3.1.1 Geology
 

The following discussion is based on Whiteman
 
(1971), who presents a very detailed account of
 
Sudan's geology. Excluding superficial deposits,
 
the most extensive formations in the country are
 
those of the Basement Complex (Table 3.1; Figure
 
3.1). Basement formations are thought to be mainly
 
Pre-Cambrian in age, and consist of igneous,
 
metamorphic, and sedimentary rocks. According to
 
Whiteman, various basement formations occur in
 
different regions of the Sudan, and a satisfactory
 
comprehensive classification has not yet been
 
established.
 

Paleozoic formations occur in Sudan only in a few
 
limited areas. The major areas are found near el-

Obeid in Kordofan and along the western border
 
with Chad and Libya. Nubian Sandstone formations,
 
possibly of Late Cretaceous age, occur widely in
 
northern and central Sudan, arid small outcrops of
 
the equivalent Yirol Formation are found in the
 
southern part of the country. Nubian Sandstone is
 
probably the most important water bearing
 
formation (cf Sec. 3.2.2). Also important in
 
groundwater considerations are the Umm Ruwaba and
 
el Atshan Formations (Quaternary-Tertiary), which
 
are extensive in the southern half of the country.
 
Lavas and chert formations are not very extensive,
 
but occur especially in the extreme southeastern
 
corner, along the eastern border with Ethiopia,
 
and in Darfur.
 

3.1.2 Mineral Resources 2/ 

Sudan is not currently a major producer of any
 
mineral, and minerals constituted only a few
 
percent of the country's exports by value in 1980.
 
Nevertheless, a number of minerals are known to
 
occur in the country. Copper, iron, mica, and
 
chromite 	 are currently exported in small
 

7 Sources: 	 Ahmad. 1972.
 
Europa. 1981.
 
Nelson et al. 1973.
 
U.S. Bureau of Mines. 1976.
 
Whiteman. 1971.
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Table 3.1. Major Geological Formations 

Name of unit 

Superficial deposits 
Continental-m ine formations 
Red Sea Littoral 
Gezira Umm Ruwaba and 
El Atshan Formations 
Volcanic and intrusive rocks, 
mainly lavas (undifferentiated) 
Hudi Chert Formation 
Nubian Sandstone Formation 
Yirol Form2tion (?equivalent 
to Nubian Formation) 
Gedaref Sandstone Formation 

Nawa Formation 
Palaeozoic Formations 
(undierM iated) 
Basemen Complex Group 

Source: 


Age 

Quatemary-Teriary 
Qaternry-Tertiarv-
Mesozoic 
Quaternary-Teri . 

Quatern'-Tertir ' 

Tertiary? (Olizocene?) 
L. Cretaceous? 
L. Cretaceous? 

Jurassic (pre-Oxfordian) 

Palaeozoic? 
Palaeozaic? 

Pre-Cambian mainly 

Whiteman. 1971.
 

Surface area 
(%) 

Not differentiaced 
<1 

19 

<1 
-8 
<0.I 

Included in 
Nubian estimate 

<1 
<0"5 

49 
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quantities. 
 Sudan also plans further development

of mineral extraction capabilities, although it is
unclear 
whether most deposits are sufficient for

economic exploitation. Table 3.2 gives 
a partial

view of production in 1974, while Figure 3.2 shows

locations of major deposits. 
 More detailed data
is available in Appendix 
IV. The following

discussion of individual minerals 
 is based on
 
Whiteman (1971).
 

Table 3.2. Mineral Production
 

(Thouand mtric ton, unless othervis specified) 
1974 Estimated share Share of Share of 

mbol Major comodities production___exported of production Iworld IRestotal world 
p
output (. Iresources (%)Cam Cement ............................. 
 300 0 (1) NACr Chromite ore .................. NA
20 100 (1) 1,500 1 ()I Gypsum........................ 
 30 0 () diummg agnesite .......................... ()
.. 0.1 0 (1)Sal" i Salt ............................... 2,500 I (1)
50 1 (1) NA NATalc Talc ................................ 
5 . (1) Small (1)Petroleum products (thousand


42-gal bb!) ....................... 
 6 000 2 ( ) NA . _ ANA Not applicable. (1)Less than l. 

Source: 
 U.S. Bureau of Mines. 1976.
 

Coal. No workable deposits 
 of anthracite or
 
lignite were known by the early 
1970s. Small
deposits of lignite and low-grade coals are known,

particularly 
in the 
 Dongola region. Graphi'e

frequently occurs 
 in small quantities in many

Basement Complex formations.
 

Oil and Gas. The geological foLmations throughout

most of Sudan are very unlikely to contain oil 
or
 
gas, and areas with any potential actually

constitute only 
about one percent of the total
surface area. 
 Exploration 
 has largely

concentrated 
 on the Red Sea Littoral, where
conditions appear similar 
to those in the Gulf of
Suez and Egypt's Red Sea coast. 
Jebel Uweinat, in
the northwest corner on 
the borders with Libya and
Egypt, has also received some attention because of
 
discoveries in Libya.
 

International interest after 
 1973 resulted in

exploration concessions 
covering 1,360,000 ha on
the Red Sea Coast and offshore. Most of the

international companies 
 involved were American.

Chevron announced an economically exploitable find
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in 1980, which is expected to produce about 12,840
 
barrels per day. Several other companies are
 
still searching in the region (Europa 1981).
 

Gold. Sudan has been a source of gold for several
 
thousand years. It is known to occur in a great
 
many localities scattered throughout the country,
 
but deposits are small. Peak production in recent
 
decades appears to have occurred around 1960, when
 
over 2,000 ounces were produced annually.
 
Production had fallen to under 1,000 ounces
 
annually by the mid 1960s and more recent data is
 
unavailable.
 

Copper. Copper deposits are also widespread, but
 
as of the early 1970s, only one deposit was known
 
to be large enough for economic exploitation. The
 
Hofrat en-Nahas Mine in southwestern Darfur
 
exploits this deposit, but production figures are
 
not available. Estimates of copper ore reserves
 
made in the late 1960s varied widely, from one
 
million to 400 million tons.
 

Lead and Zinc. Lead is known to occur in several
 
areas, including Darfur, while zinc was known only
 
in the Darfur Mountains as of the early 1970s.
 

Iron. Iron ore deposits occur in a number of
 
areas, notably the Red Sea hills. The Fodikwan
 
deposit may contain reserves of from 239,000 to
 
six million tons, with iron contents ranging from
 
45 to 70 percent. Fodikwan was the major working

mine in the early 1970s, but other deposits may be
 
much larger. For example, Jebel Abu Tulu,
 
Kordofan, may contain total reserves of nearly 36
 
million tons of ore with 55 to 65 percent iron.
 
The Sufaya deposits, which are currently worked,
 
contain an estimated seven to eight million tons
 
(approximately 60 percent iron). Sudan produced
 
about 28,500 tons of iron ore in 1965.
 

Manganese. Major deposits known in the early
 
1970s were clustered in the northeast along the
 
seacoast and in the Red Sea hills, although some
 
deposits are scattered in other areas of the
 
country. Reserves are generally thought to be
 
small, although figures are unavailable. Peak
 
production apparently occurred in the late 1950s,
 
with 7,000 to 9,000 tons annually. By 1965
 
production was down to 500 tons.
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Chrome. Probably the most important mineral
 
currently exploited, chromite ore is nearly all
 
exported. The major deposits are in the Ingessana

Hills on the Ethiopian border. Approximately 30
 
tons were produced in 1965, and about 20 tons in
 
1974.
 

Other Metals include molybdenum, tungsten,
 
arsenic, magnesite, uranium, columbium, titanium,
 
barium, aluminum, and silver. There is not yet
 
any indication that any of these are present in
 
sufficient quantity to allow economic
 
exploitation.
 

Non-Metallic Minerals currently exploited include
 
gypsum, salt, talc, and sulphur, as well as a
 
number of building materials such as limestone and
 
clay.
 

3.1.3 Minerals Policy
 

Because minerals are such an insignificant
 
contributor to the national economy, and prospects

for future development are uncertain, very little
 
discussion of Sudan's mineral policy is readily
 
available. U.S. Bureau of Mines (1976) contains
 
the following brief discussion of Sudan's mineral
 
industry organi7ation:
 

Sudan has demonstrated an interest in attracting
 
foreign investment through more liberalized
 
investment incentives provided by the Industrial
 
Investment Acts of 1972 and 1974. Under the 1972
 
Act, all minerals and quarried materials found in
 
Sudan belong to the State, which has exclusive
 
right to dispose of them. The Mines and Quarries
 
Board issues licenses for prospecting and mining,
 
the terms of which are negotiable. Under
 
agreements with oil-prospecting companies signed
 
in October 1975, 70 percent of any oil production
 
is to belong to the Government for a five-year
 
period.
 

3.1.4 Energy ./
 

Commercial energy consumption in Sudan accounted
 
for nearly 23 percent of all energy consumed in
 

8 Sources: Europa. 1981.
 
U.N. 1981.
 
U.S. AID. 1981b.
 
U.S. Bureau of Mines. 1976.
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1979/80. About 98 percent of this commercial
 
energy demand is met by oil. At present, oil must
 
be imported, but domestically produced oil may
 
eventually be able to supply 30 to 40 percent of
 
demand. One million tons of crude oil were
 
imported and refined in the Port Sudan refinery in
 
1979/80, and another 200,000 tons of processed oil
 
were also imported. Oil consumption has been
 
increasing by 6.3 percent annually since the later
 
half of the 1970s.
 

Electric power contributed two percent of total
 
commercial consumption in 1979/80. A total of 892
 
G.w.h. was generated; 233 G.w.h. was thermally
 
produced by 17 stations, and 659 G.w.h. was
 
hydroelectrically generated by three stations.
 
Table 3.3 indicates installed capacity. Sudan's
 
current capacity is considered inadequate for
 
current needs and is a major constraint on
 
industrial productivity and growth. The
 
government plans to double electrical capacity by

1983, a target well ahead of the annual 10.5
 
percent growth of the later 1970s. Section 3.2.4
 
discusses hydroelectric development further in the
 
context of surface water management.
 

Non-commercial energy, primarily in the form of
 
woodfuel, agricultural crop residue, and animate
 
power, contributed just over 73 percent to total
 
estimated energy consumption in 1979/80. The vast
 
majority of this was fuel wood (69.13% of total
 
energy usage), followed by charcoal (5.99%). Crop

residue, animal refuse, and animate power together
 
accounted for 2.22 percent of total energy use.
 
Table 3.4 indicates that most fuelwood usage is in
 
residential contexts. Section 3.4.2 contains
 
further discussion of fuelwood and charcoal.
 
Sudan also conducts an active solar energy
 
research program, and hopes for solar energy to
 
make a significant contribution to some energy
 
needs by the beginning of the 21st century.
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Table 3.3. National Grids and Thermal and Hydro Stations 

Installed Capacity and Energy Created in 1979 - 1980 

laistona2l Gtde and Installed 
::ect- .city Stationa Capacity Energy Generated 1979 - 80 

W G.W.h. 
Hydro Thermal Total 

Blue Ni1e Grid 229.3 637.5 110.7 748.2 

3astern Grid 20.4 21.3 - 21.3 

Dueix 0.9 - 3.7 3.7 

Kassali 5.1 - 5.6 5.6 

Atbar:a 13.0 - 21.4 21.4 

Dongolla 0.4 - 1.2 1.2 

Shendz 1.2 - 4.3 4.3 

Port !.-daz 14.1 - 32.9 32.9
 

Malaka. 0.9 - 1.0 1.0
 

Wau 0.9 - 1.0 1.0
 

Juba 6.0 - 36.8 36.8
 

El Obied 5.1 - 5.3 5.3
 

Umroaa 1.3 - 2.8 2.8
 

El Fafhir 1.3 - 2.5 2.5
 

Wyala 0.9 - 3.9 3.9
 

TOTAL 300.9 658.8 233.2 892.0
 

Source: U.N. 1981.
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Table 3.4. Total Energy Conqsumptlon, 1979 - 1980 

Type Of Unite Quantity Quantity Coat S of Oil equl- % of S of Per capital Distribution moang economical sectors iEnergy available Imparted 1,000 total valent total corn mer- i. Coms Coat Rea!Len- Rhc-- Indus- Trans- Agrilocally 1.000 coat 1,000 energy c1el Ng. OU ,7S tial & txri- try Part cul
for energy tons 	 tons used energy service city ture 

COMMERCIAL 

outl 1,000 tons 1,202 128.609 70.82 1,106.0 21.63 98.0 61.44 6.661 4.0 6.4 15.7 55.5 18.4 

Electricity 
L fly.Iro G.W.H. 658.8 50.8 1.00 1.47 1.04 ----- ..... ..... ..... ..... .... 
. Thermal 

O l G.W .R. 213.2 (16.5)* 0.48 .... ..... ..... ..... ..... ..... 
11[. Thermal 

Biomass G.W.H. 20.0 1.7 0.03 0.05 0.09 ..... ..... ..... ..... ..... ..... 

Total 892.0 53,00C 29.18 69.0 1.03 2.00 3.83 2.700 47.4 49.6 3.00 
Electricity 

Total Con mercial 892.0 1,202 181,689 100.00 1,158.2 22.66 100.00 65.27 9.361 7.2 6.3 18.4 54.5 13.6 

NON-COMMERCIAL I 	 of Non-

Com. H 

1. 	 Wood Fuel 
Firewood 1,000 tons 1,065.0 6000,----- 11.10 3,534.0 69.13 196.43 0.333 98.0 ----- 2.0Charcoal 1,000 tons 550.0 ----- 33,000 61.05 306.0 5.99 ----- 17.00 1.833 100.0 ----- . ... ..
 

Total 

Wood Fuel 11,200 39,000 72.15 3,840.0 75.12 	 97.15 213.43 2.166 99.0 1.0
 

i. 	 A%_ -
Readue 
Corp.
 
Residue 1,000 tons 120.0 15 0.03 40.0 0.78 
 2.22 75.0 25.0 
Animal 
Refuse 1,000 tons 50.0 12 0.02 30.0 0.59 1.66- ------- 100.0 -----.... ........
 

Total Aqr.

Residue 170.0 
 27 0.05 70.0 1.37 
 1.75 3.88 0.002 86.0 14.0
 

Animate H lllion 750.0 15,000 27.84 43.5 0.05 1.10 2.41 0.833 25.0 ----- ----- 30.0 45.0 
H.P. hour 

Total 
Non-Com mercial 54027 100.00 3953.5 77.34 219.72 3.001 97.534 0.002 0.014 0.00t 0.005 

Grand Total 1.202 262,689 5,112.0 100.00 ----- 282.29 12.362 77.2 
 2.5 4.1 11.9 4.3 

"tnr-luded in O1 
G.D.P. (1979-1980)JS.179.4 Per Capita, Total - S.3198.9 millions
 
Al energy consumption per capitalj..S.of G.O.P. (Kilogram OI equivalent) 
 .	 5112 ,000 Tons) - 1.60 

31q8.9 (mIlluon.q) 

Com mercial enerqy conwi mption per capital 1&.S.rof G.OD.P. (K ilogram OIUequivalent) .	 1158.5 - 0.36 
1198.9

Non-Corn mer.ial enprqy consumption per capital .9.ot G.D.P. (Kilnram Oil eqluvaLnt) = 	 395]1_ - 1.24 
1194.9 



3.2 Water Resources
 

3.2.1 Surface Water _9/
 

Potential rvapotranspiration (cf Appendix I,

Figure 3) greatly exceeds rainfall throughout
 
Sudan except in the extreme south. Values range
 
from 828 mm annually at Nagishot near the Uganda
 
border to 1,907 mm annually at Kassala, but exceed
 
1,450 mm in most areas. Accordingly nearly all of
 
Sudan suffers an annual water deficit (cf Appendix
 
I, Figure 4), and the perennial surface water
 
originates outside the country.
 

Rivers. The Nile and its tributaries are, of
 
course, the most prominent surface water feature 
of Sudan, and the majority of the country lies 
within the Nile drainage basin (Figure 3.3). The 
river has two main tributaries, the White and the 
Blue Niles (Figures 3.4 a & b). The White Nile 
originates in the lakes of equatorial Africa, and 
drops rapidly, reaching the Sudanese border at
 
Nimule. In the first 168 km in Sudan, the river
 
continues to drop 180 m until it reaches Juba.
 
The Bahr al-Jaba2, as the Nile is known in the
 
south, then merges into the Sudd, a giant papyrus
 
swamp covering much of the southern provinces.
 
The Bahr al-Jabal discharges about 29 billion
 
cubic m annually into the swamps, but loses nearly 
half (14 billion cubic m) to evaporation before it 
reemerges. 

On the northern fringes of the Sudd, two important
 
tributaries join the river, after which it is
 
called the White Nile. The Bahr al-Ghazal drains
 
southwestern Sudan and discharges an average 14
 
billion cubic m annually into the Sudd. Nearly
 
the entire supply is lost to evaporation, and the
 
Bahr al-Ghazal actually contributes only about 500
 
million cubic m to the White Nile. The Sobat
 
River, which rises in Ethiopia, joins the Nile
 
from the east near Malakal, where its contribution
 
is 13.7 billion cubic m annually. Daily discharge
 

9 Sources: 	 Balek. 1977
 
Berry. 1968.
 
Bannage. 1980.
 
FAO-UNDP. 1968
 
Newhouse. 1939.
 
Waterbury. 1979.
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fluctuates widely from eight million cubic m in
 
April to 66 million cubic m in November. Total
 
water losses to the swamps of southeastern Sudan
 
reach about eight billion cubic m annually.
 

From the Sobat, the White Nile flows northward and
 
for 800 km receives no additional sources of
 
water. Total annual average flow at the Jebel
 
Aulia Dam, just south of Khartoum, is 30.9 billion
 
cubic m. Flow ranges from 54 million cubic m per

day in April to 114 million cubic m per day in
 
November.
 

At Khartoum the Blue Nile joins the river, which
 
afterwards is known simply as the Nile. The
 
principal source of the Blue Nile is Lake Tana in
 
Ethiopia, but two other tributaries to the Blue
 
Nile also rise in Ethiopia and flow through Blue
 
Nile Province before joining the river north of
 
Sennar. Annual average discharge of the Dinder is
 
about three billion cubic m, flowing mostly from
 
June to December. The Rahad, which flows mostly
 
from July through November, supplies 1.09 billion
 
cubic m annually. The discharge of the Blue Nile
 
at Khartoum is about 50.7 billion cubic m annually,
 
with flows fluctuating between 11 million cubic m
 
per day in April to 535 million cubic m per day in
 
August.
 

At Atbara, the Atbara River supplies an additional
 
12 billion cubic m annually, mostly from June to
 
December. No other significant tributaries enter
 
the Nile, although occasional flash floods in the
 
usually dry wadis may reach the river. Table 3.5
 
summarizes the water balance of the Nile basin,
 
and Appendix IV contains additional data on the
 
river system in Sudan.
 

Wadis. A number of seasonal watercourses do not
 
drain to the Nile. Some of the most notable are
 
the Gash, Baraka, and several in Darfur. The Gash
 
rises in Ethiopia, enters Sudan at Kassala, and is
 
lost in the desert north of Kassala. Total annual
 
flow varies between 200 to 800 million cubic m.
 
The Baraka also rises in Ethiopia, but drains to
 
the Red Sea south of Suwakin. Flow estimates are
 
not available, but irrigation utilization suggests
 
that the Baraka flow is similar to that of the
 
Gash.
 

The Jebel Marra region of Darfur receives from 600
 
to 1,000 mm rainfall annually, and a number of
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Table 3.5. Water Balance of Nile Basin 

River Location Dr. area Precipi- Runoff Evapn- Runoff Water Mean 
lation transpi- coef. yield annual 

ration discharge 

Unit km 2 mm mm mm % I/s/km2 m 3 s 

Victoria Nile Ripon Falls 269,000 1302 81 1221 0.06 2.6 699 
Semliki above confluence with 

Victoria Nile 22,500 1395 88 1307 0.06 2.8 63 
Albert Nile below Albert Lake 281,500 1309 85 1224 0.06 2.7 762 
Interbasin Albert Lake-Mongalla 184,500 1228 20 1208 0.02 0.6 II 
White Nile Mongalla 466,000 1277 60 1217 0.05 1.9 874 
Interbasin Mongalla-Sobat 43;,800 900 -38 938 - -1.2 -511 
White Nile above Sobat 904,800 1094 12 1082 0.01 0.4 362 
Sobat mouth 187,200 1081 71 I010 0.07 2.3 431 
White Nile below Sobat 1092,000 1091 22 1061 0.02 0.7 793 
Interbasin Sobat-Blue Nile 343.000 500 0 500 0.00 0.0 0 
White Nile above Blue Nile 1435,000 710 16 694 0.02 0.5 793 
Blue Nile confluence with W. Nile 324,530 1082 158 924 0.15 5.0 1727 
Nile below confluence with Blue Nile 1759,530 778 43 735 0.06 1.4 2420 
Inlerbasin confluence-Aswan 79,470 1080 97 983 0.09 3.0 244 
Nile Aswan 1839.000 790 45 745 0.06 1.4 2664 
Interbasin Aswan-mouth 1042,000 7 -18 25 - -0.6 71 
Nile n)th 2881,000 506 28 479 0.06 0.9 2593 

Source: Balek. 1977. 



seasonally flowing wadis fan out in all directions
 
from the highlands. Total annual discharge of
 
these wadis has been estimated at 75 million cubic
 
m in the piedmont zone and 255 million cubic m in
 
the lower valleys (Bannage 1980). However, other
 
sources indicate somewhat larger flood flows (FAO-

UNDP 1968; Table 3.6).
 

Other wadis are scattered throughout the country.
 
The government has established gauging stations on
 
44 of these wadis, and estimates a combined annual
 
flow in these 44 wadis of around 756 million cubic
 
m.
 

Swamps. 10/ Much of southern Sudan is covered by
 
swamps, usually all grouped together and called the
 
Sudd (Figure 3.5). Balek (1977), however,
 
distinguishes several swamps (Table 3.7), without
 
apparently covering all swampy areas in southern
 
Sudan. He lists Bahr al-Jabal/Bahr al-Ghazal
 
swamp as the largest in Africa. The entire area
 
is flat and featureless, and can be divided into
 
permanent swamp (about 10,000 sq km on the Bahr
 
al-Jabal), seasonally flooded swamp, and some dry
 
ridges rising a few meters above highest flood
 
levels. The water entering the southern swamps is
 
greatly slowed and spread widely, which
 
drastically increases surface evaporation. Water
 
losses by the Bahr al-Jabal average half of the
 
flow entering the Sudd (Table 3.8).
 

10Sources: Balek. 1977.
 
Newhouse. 1939.
 
Rzoska. 1974.
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Table 3.6. Summary of Measured Flood Discharges in Jebel Marra Area 

River sttion Catchment 1963 1964 1965 1966ate
 

I, 
" kMn 106"3n mm 1OaI3 mm IOrn: mm I0'n 3 mni 

Wadi Toro Dam site 765 i - - 70 90 21.1 28 9.5 12 
Wadi Bala 34 . .. 1.7 50 1.3 38 
Wadi Nyerete Nyertete 81 - 10.7 132 1 4.2 52 4.2 52 
Wadi Golol Dam site 120 - - 6.65 55 5.45 46 
Wadi Gendi Kalckjttng 146 - i - 3.5 24 
Wadi Anbo t Zalingei 1300 - 160 123 77 59 52 40 
Wadi Azum Adjakari 7385 214 29 240 33 109 15 11 15 
Wadi Baret 1.urnei 11650 - - 227 19.5 102 9 (130) H11) 
Wadi Azum Dereisa 22605 .- 193 9 236 13 
Wadi Debarei Talanga 2920 - - 23 5.9 5.5 1.4 4.8 1.2 
Wadi Saleh . Anjikotti 2800 - - 1250) 89 70 25 44 16 

NoTt; Figures in parentheses are provisional estimates. I Stations with float measuremens only: results are very approximate. 

Source: FAO-JNDP. 1968.
 

Table 3.7. Area of Main Swamps
 

Swamp Area (kin2 ) 

Bahr al-Jabal/ 64,000
 
Bahr al-Ghazal
 

Kenamuke/ 13.955
 
Kabonen
 

Lotagipi 12,937
 
(partially in Kenya)
 

Albert Nile Swamp 5,200
 

(area east of Malakal
 
not noted)
 

Source: Balek. 1977.
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Source: Rzoska. 1974. 
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Table 3.8. Losses in the Swamps 

3 1/2 months' lag 

Discharges in billions of cubic meters per annum
 

(Feb. to Jan. at Mongalla; June to May at Malakal) 

Mongalla, Swamps L
Y Discharge DiachargesI#r 

1905-06 35.9 12.8 23.1 
1906-07 39'3 13'7 25'6 
1907-08 35'1 13'4 21'7 
1908-09 29'6 14'8 14'8 
1909-10 31.9 16.3 15.6 
1910-11 30.1 14.1 16.0 
1911-12 24.8 13.2 11.6 
1912-13 23.2 13.4 9.8 
1913-14 23.2 13.4 9.8 
1914-15 25.9 13.9 12.0 
1915-16 27.8 13.2 14.6 
1916-17 39.3 16.4 22.9 
1917-18 57.7 18'4 39,3 
1918-19 44.7 196 251 
1919-20 30.6 16.0 14.6 
1920-21 24.9 12"5 12.4 
1921-22 16.1 11'1 5.0 
1922-23 15.2 10.4 4.8 
1923-24 20.1 1i.5 8,6 
1924-25 20'3 12.9 7.4 
1925-26 18,7 12'1 6.6 
1926-27 25.8 12.8 13.0 
1927-28 256 13.2 12,4 
1928-29 26,4 13.9 12.5 
1929-30 21,1 13.5 7.6 
1930-31 23,2 13.5 0.7 
1931-32 29.4 14.1 15.3 
1932-33 329 14.9 18.0 
1933-34 30.2 16.2 14.0 
1934-35 25.8 15.3 10.5 

Mean: 28-50 14'02 14'48 

1905-22: Swamp discharge White Nile at Malakal ndnus 
Sob&t minus Gizal. 

1923-35: Swamp discharge = Zeraf + Wute Nile at Abu Tong 
minus Ghazal. 

Source: Newhouse. 1939. 
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3.2.2 Ground Water L-/
 

In general, the Nubian Formation is the best
 
aquifer in Sudan. These sandstones contain non
flowing artesian water which is usually of better
 
quality than most other aquifers in the country.
 
Recharge in the west is thought to come from the
 
Ennedi (in Chad) and Darfur highlands. In the
 
east, infiltration from the Nile is mainly
 
responsible for recharge although south of
 
Khartoum soils are too clayey for any significant
 
infiltration. The Umm Ruwaba Formation in the
 
southern half of Sudan also contains significant
 
storage. However, due to poor stratification of
 
the sediments in the Uimn Ruwaba, permeable layers
 
are often interspersed with impervious clays. In
 
addition, water quality is often poor. Figure 3.6
 
indicates water level in Kordofan, which contains
 
both Nubian 	and Umm Ruwaba Formations.
 

The Gezira Formation, mostly geologically recent
 
unconsolidated clays, silts, sands, and gravels
 
which overly Nubian sandstone, is the major aquifer
 
of the Gezira. Figures 3.7 and 3.8 show water
 
levels and well yields in the Gezira region.
 
Additional data on groundwater appears in Appendix
 
IV.
 

3.2.3 Water Quality 12/
 

Extensive surface water quality data is not
 
readily available, although several government
 

llSources: 	 Bannaga. 1980.
 
el-Boushi. 1972.
 
FAO-UNDP. 1768.
 
Ishag. 1965.
 
Iskander. 1967.
 
Iskandar. 1972.
 
Saeed. 1968.
 
U.N. Dept. of Economic and Social Affairs. 1973.
 
Whiteman. 1971.
 

12Sources: 	Bannaga. 1980.
 
el-Boushi. 1972.
 
Boutros. 1972.
 
Buursink. 1971.
 
Jahn. 1977.
 
Karkanis. 1966.
 
Rzoska. 1974.
 
Saeed. 1968.
 
Whiteman. 1.971.
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agencies sporadically collect data. The suspended

sediment load, as well as the dissolved solids,
 
can also vary greatly by season. During the flood
 
season, the Blue Nile in particular becomes
 
extremely b:own and turbid. At 
peak flood in

August the river commonly carries as much as 8,000
 
mg/l in suspended solids, compared to less than
 
100 mg/l during the dry season. A few
 
measurements have recorded even higher levels
 
(50,800 mg/1 in 1974), but these are uncommon.
 
The Gash River in Kassala Province similarly

carries a silt load of 8,000 to 16,000 mg/l during
 
peak flood season. Figure 3.9 indicates the
 
fluctuation in silt load carried by the Nile. The
 
annual total is estimated to be around 100 million
 
tons. Dissolved solid load is indicated by Table
 
3.9. Water quality in the Sudd area is indicated
 
by fable 3.10 and Appendix IV, Table 8.
 

Groundwater quality is generally best in the
 
Nubian Sandstone aquifers. Soluble salts range

from 200 to 500 ppm on the average. Salinity
 
levels in the Umm Ruwaba Formations average 400 to
 
640 ppm. Figures 3.10, 3.11 and Table 3.11
 
indicate groundwater quality in Kordofan, the
 
Gezira, and the Gash Rivei Basin, respectively.
 
Appendix IV contains additional water quality
 
data.
 

3.2.4 Water Use and Management 13/
 

The vast majority of water used in Sudan is
 
surface water. Little data is available on water
 
usage away from the Nile, but at any rate, the
 
Nile supplies water requirements for a large

proportion of the population. Table 3.12
 
indicates that on the Nile, agricultural demands
 
accounted for 13,692 million cubic 
m in 1975,
 
compared to only 275 million cubic m for
 
industrial and household use.
 

13Sources: 	Allan. 1948.
 
Bannaga. 1980.
 
el-Bushra and el-Sammani. 1977.
 
Jahn. 1977.
 
Lebon. 1967.
 
Muller. 1976.
 
Osman and ,el-Hag. 1972.
 
Thimm. 1979.
 
Simpson. 1970.
 
Sudan. 1975.
 
U.S. AID. 1981a.
 
Waterbury. 1979.
 

52
 



*- i I/ ,\\ " 

* I 1150 
I. 

j t Ave Sep.Oc.ov-Dc
 

Figure 3.9. Suspended Load of the Nile at Wadi Halfa
 

Source : Buursink. 1971. 

53
 



Table 3.9. Chemical Composition of the Dissolved Load of the Nile System
 

River 	 Location Date Parts per million Author 

Disolved 
solids Ca Mg Na K HCO, SO Cl NO, SiO 

Blue Nile Wad Nledani 1936-37 - 24.4 5.3 9.9 - - 9.4 - - - Greene H. and 

Snow 0. W., 1939 

Khartoum 1Q04-07 - 20.2 7.1 7.5 2.0 - 6.3 2.4 - 19.5 	 Beam W. in: Greene H. 
and Snow 0. W. 1939 

? 	 184 23.8 6 7.1 1.7 108.6 7.3 2.8 0.14 26.7 Livingstone D. A., 1963 

White Nile 	 Khartoum 249 17.4 5.2 30.7 11.8 149.2 0.44 8 0.44 25.6 Livingstone D. A., 1963 

Nile 	 Giza 1924-26 - 25.1 7 - - 102 9 11.6 .003 14.1 Livinzstone D. A.. 1963 

Cairo 1933-36 167 23 9 20 - 127 10 12 - 21 Hurst H. E.. 1952 

Cairo 1957-58 152-181 72- 8-9 15-22 4 55-66 13- 7.5- - -. Abdel Bar in: 
.15.3 	 14.5 15.4 Hassan F. M. H., 1967 

Source: Buursink. 1971. 
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Table 3.10. Limnological Characteristics of Standing Waters of the Swamp Region 

Site area (km) Date (m) 
Depth 

approx. 
Transparency 

(m) Conductivily pli Alkalinity 1mgil 

Oxygcn 

Sam (7.) 
(-

(mg/ll 
P03.P 
(Ing II 

(Ilmholcm) (10-4 N) 

Shanbe lagoon June 1954 2-2 0-37 - 8-0 31-7 6-0 76 0-063 
Feb. 1964 1-10 - 6-95 - 2-62 34 - -
May 1964 0-85 - 7-05 -- 2-I 33 

Lagoon R.P. 12 Jan. 1949 1-2 - - - - 6.15-8-45 76-108 -. -
0-8 Jan. 1954 1-3 0-28-33 - 8-1-8-3 31-4 8-5-10-2 105-125 14 0-01 
Lake No c.30 Jan. 1949

Dec. 1953 
2-0 -

47-55 
-
200 

7-25 
8-4 

-
25-9 

6-1-7-15 
8-0 

78 98 
102 

--
10 

-

u-oi3 
June 1954 - - 8-2 21-4 7.1 90 -- 0-0Y 
Dec. 1960 - 250 - - - -
Fcb. 1964 100 - 7-65 - 6-90 89 .. . 
May 1964 95 - 8.0 - 8-14 120 - -

Lake Ambadi c. 15 
open water Jan. 1954 2-5 2-50 40-55 6-4-7-2 25-4 8-0 95 - -

Khor Perbol I-0 Jan. 1949 2-2 2-00 - - - 1-8-7-15 23-92 -- -

Khor Atar c. 5-0 Jan. 1949 3-0 - - - 6-9 85 - -
Feb. 1954 0-25-62 - 8-6 29 I-5 140 6-5 -
Apr. 1964 0-45 - 8-0 - 6-88 95 --

Source: Rzoska. 1974. 
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Table 3.11. Chemical Analyses of Some Groundwater Samples from the Gash Basin 

if i i 
Well 0 	 E 0. . 0Location pH 	 o 0. 

on "i) 00. .4V0. 	 no0..ff. 

000. 	 OC MC 	 . 

277 	 Police 7.3 223 90 
 36 20 - 25 25 2.4 25 -
Garage 

292 	 Halab 7.8 222 100 26 17 - nil 2.7 23 -

Area
 

497 	 Gash Board 7.5 260 90 36 24 40 35 18 2.0 4 0.24
 
Water Yard
 

602 	 Halab Area 8.3 220 30 20 50 30 10
10 nil 20 0.60
 

606 Halanga 
 8.0 ISO 130 35 10 30 - nil nil 10 0.50
 
Area
 

644 Halab 7.6 260 150 40 12 50 40 nil 0.55 20 0.40
 
Area
 

1095 Nersery 220 20 36 10 12
8.2 156 20 20 1.8 0.40
 
115 Nerse:y 8.3 i96 92 21 10 35 18 
 10 1.6 10 0.52
 
1334 Garb El 7.4 220 
 130 35 10 50 20 50 nil 25 0.64
 

Gash
 

1836 El Gash 200 25 40 35 25
8.3 90 10 10 nil 0.32
 
East
 

Source: Saeed. 1968.
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Table 3.12. Water Supply and Demand from the Nile, 1975-76 and 1985-86
 

Supply 

Acquired nghts 

Jongiei, Phase I 


Total 

Demand 

Agriculture 
Conveyance loss 10% 

Household & industrial 


Storage Losses 

Jebel Auliya 
Sennar!Rosetres 

Khashm al-Girba 


TOTAL 

SURPLUSiDEFICIT 

Source: 

3 ) (bill. m

1973-76 

20.5 
-

20.5 

13.692 
1.369 

275 

1.000 
.700 

.190 

17.226 
+3.274 

Waterbury. 1978. 

.0.5 
-2.4 

22.9 

27.151 
2.,15 

550 

1.000 
1.000 

(ater heighlenint ot Roseiresi 

.190 

32.606 
-9.706 
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Sudan is constrained by its obligations under 
a
 
1959 treaty with Egypt to withdraw no more than
 
18.5 billion cubic m as measured in the flow at
 
Aswan. (This is equivalent to 20.5 billion cubic
 
m measured upstream at Sennar and Malakal.)

Because of this, Sudan is expected to run into a

deficit by the mid-1980s.
 

Tables 3.13 and 3.14 indicate total irrigated area
 
and water consumption. Table 3.14 also indicates
 
the major irrigation types in Sudan, and shows
 
that gravity irrigation is most prevalent. The
 
two major gravity irrigation schemes are the
 
Gezira and the Khashm el-Girba (Figure 3.12).
 

Large scale irrigation began in the Gezira after
 
the completion of the Sennar Dam, although 
some
 
smaller scale development had taken place earlier.
 
Irrigation expansion was rapid and the ceiling 
on
 
water use under a 1929 agreement with Egypt was
 
soon reached. The 1959 treaty increased Sudan's
 
share of Nile waters however, and the Managil
 
extension was added to the Gezira 
scheme. The
 
Khashm el-Gibra scheme 
on the Atbara was conceived
 
earlier, but the dam was actually completed in
 
1964. Many nomads were settled on the newly

reclaimed land, but the emphasis was resettlement
 
of people displaced in the Wadi Halfa region by
 
the creation of Lake Nasser.
 

Pump irrigation schemes refer primarily to water
 
pumped from the Nile system. No single pump

scheme approaches the major gravity irrigation
 
projects in area, but in aggregate pump irrigation
 
accounts for about one third of Sudan's irrigated
 
area. Flush irrigation (sometimes called spate

irrigation in other regions) is practiced
 
primarily on the Gash River and in the Tokar delta
 
of the Baraka River. The annual flood waters are
 
diverted to fields, which receive only heavy
one 

watering. The contribution to Sudan's total
 
irrigated area is only 2.6 percent, but it is
 
practically the only irrigation method in many
 
local areas.
 

Basin irrigation is practiced primarily in the
 
northern reaches of the Sudanese Nile. When the
 
annual flood arrives, water is channeled to the
 
fields. It remains standing on the fields until
 
the river level begins to fall, and is then
 
drained. Two traditional water lifting devices
 
are also still used in many areas along the Nile
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Table 3.13. Irrigated Crop Production Schemes in the Nile System
 

Sace(M=0 

Blue Nile 

Downstream Sennar 
Gezira-Managil 
Pump Schemes U1.,stream Sennar 

Rahad, Phase V 
Evaporanon, Sennar Reservoir 

White Nile 

Pump Schemes ind. Melut Asalaya. Kenana" 

Main Nile 

Pump Schemes, downstream Khartoum 

Atbara 

Khashm al-Girba 

Evaporation Khashm al-Girba Reservoir 

TOTAL 

*Projects still partially under 

Ama Water 
onmsumpo o 

kaddas UUhXo, M 

164 976 
2.052 7.598 

452 1.595 

300 1,139 

669 

620 2,840 

420 1,603 

3,2 1,700 

139 

4.380 18,29 

execution. Note that 
no estimates are made for storage losses at Jebel
 
Auliya and Roseires Reservoirs.
 

Source: Waterbury. 1979.
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Table 3.14. Existing Irrigation Schemes 

Irrigation 
method Schemes 

Gravity Gezlra 
Managll 
Ranao (stage 1) 
New Halfa 

Sub-total 

Pump Kenana 
ihagar Asalaya 
Abu Na'ema 
Es Suki 
NW Sennar 
Hurga-Nurel Din 
Guneid 
Nationalized schemes 

(805,000 f) 

Private schemes 2/ 
Private Schemes 

Sub-total 

Flush Gash delta 
Tonar Oelte 

Sub-total 

Basin North. Pray. Sch. 

Tubewell Sag al Na'am 
Private SChemes 

Sub-total 

Grano Total 

Not comanded 

area (feddans) 


1,114,000 

946,000 

150,000 

390,000 


2,600,000 


40,000 

18,000 

30,000 

85,000 

49,000 

22,000 

85,000 


435,000 

270,000 

100,000 1/ 

63,000 

235,000 


1,432,000 


50,000 

60,000 


110,000 


50,000 


3,000 

15,000 


18,000 


4,165,000
 

1/ 35,000 f. were already Government schemes.
 
2/ Uncertain, estimate given (+ or - 5%).
 
3/ Estimate (+ or - 20%).
 

Source: U.S. AID. 1980a 
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Source 
5 of Total of water 

26.5 Blue Nile
 
22.5 Blue Nile
 
3.6 Blue Nile
 
9.2 ATbarah
 

61.8
 

1.0 White Nile
 
0.4 White Nile
 
0.7 Blue Nile
 
2.0 Blue Nile
 
1.2 Blue Nile
 
0.5 Blue Nile
 
2.0 Blue Nile
 
10.3 White Nile
 
6.4 Blue Nile
 
2.3 Main Nile
 
1.5 Blue Nile
 
5.6 Main Nile
 

34.0
 

1.2 Gash R.
 
1.4 Beraka R.
 

2.6
 

1.2 Main Nile
 

0.1 Groundwater
 
0.3 Groundwater
 

0.4
 



(-ash 

J Wao ean, Pklahad I 

n 'o ' 
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Figure 3.12. Major "rrigation Schemes 

Source3.2 : Waterbri. 1.9m79.
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(Table 3.15). The saqiya, a water wheel, and
 
shadouf, a long lifting pole with a bag or petrol
 
tin on the end, are also occasionally used to lift
 
groundwater. Tubewells have also become important
 
in many parts of western Sudan.
 

Rural domestic water requirements are estimated in
 
Table 3.16. Nile water is used near the river,
 
and villagers have several traditional methods of
 
purification (cf Jahn 1977). Away from the Nile
 
system, some 800 small catchment ponds had been
 
constructed and 4,000 wells sunk by the mid to
 
late 1970s. Urban water use is noted in Table
 
3.17. Most urban areas, except for Khartoum, do
 
not have any extensive water system, and
 
conditions are similar to those in rural areas.
 
There is very little industry in Sudan, but even
 
what exists has been constrained by the lack of a
 
water delivery system.
 

Sudan's major water development efforts are
 
partially directed toward building a network of
 
dams, both to store irrigation water and to
 
provide hydroelectric power. Major current and
 
planned dams are indicated in Table 3.18. Other
 
smaller dams are also planned in a number of areas
 
on the upper Nile. A second focus of water
 
development is the construction of major canals
 
through the Sudd. It is anticipated that faster
 
passage through the swamps and less spreading will
 
greatly reduce evaporation. The current Jonglei
 
Canal (Figure 3.13) is expected to provide a net 
water benefit to Sudan of about 2.4 billion cubic 
m when completed. The proposed Machar scheme (the

Machar swamps are just north of the Sobat) would
 
provide Sudan with another 2.0 billion cubic m
 
annually.
 

3.3 Soils and Agricultural Land Use
 

3.3.1 Soils 14/ 

The UNESCO-FAO soil map includes Sudan on its
 
Africa sheets (UNESCO-F$O 1977). Nearly 100
 

14Sources: 	 Buursink. 1971.
 
FAO-UNDP. 1968.
 
Greene. 1948.
 
el-Tom. 1970.
 
UNESCO-FAO. 1977.
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Table 3.15. Shadouf and Saqiya Outputr 

Shadouf Cubic metres Remarks 
per hour 

One man 3 The maximum lift for one 

Two men 5 Shadouf is about 2.5 metres. 

High.lift Sagia 

Lift 6 -8 metres 9 The draught animals for both 

Lift 4 -6 metres 12 type of sagia may be either 

Lift 2. metres 15 camels or bulls (oxen). 

Lift I • 2 metres 24 

Low.lift Sagia 

One draft animal 40 The lift does not in practice 

Two draft animals 80 much exceed 1.5 metres. 

Source: Osman and el-Hag. 1972. 
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Table 3.16. Minim=n Annual Water Requirements for Human
 

and Animal Populations in Rural Areas, 1975 

Oily Awnmal Total Total annuaI 
rsquemssnlts resiukr PopuItlio Wltir requirei"it 

Kind In gallons in m3 In milliols mtnts In 
per head p head million mi 

Humans 4 7.2 12 6.4 
Canels 2 3.6 3.6 13.0 
Cattle 6 10.8 13.3 144.6 
Oonkeys, horses
 

& mules 4 
 7.2 2.5 16.0 
Sheep 2 3.6 12.2 44.2 
Goals 2 3.6 8.0 28.5 

Total 335.0 

Source: el-Bushra and el-Sammani. 1977. 

Tabie 3.17. Water Consumption in Selected Towns, 1974-75
 

PoIJalstlon Consumption of water Consumption of wltr 
loar size Ai In m3 per day in IllM per head -r day 

Khartoum 350.000 1 76.500 219
 
C durrnar 300.000 2 35.500 118
 
K9 Norlh 150.000 3 22.500 150
 
P Sudan 135.000 4 15.000 
 111
 
Ckd Medani 112.000 5 13.000 116 
KIII 1e000.0 6 6.000 60
 
[I.Obeid 92,000 7 6.000 
 65
 
KovII 67,000 0 6.000 
 119
 
1' Gedirel 56.000 9 
 5.000 76
 
Atbara 64.000 10 12.000 
 1e
 
Nvats 63.000 11 4.000 63
 
Juba 57.000 12 6.000 105
 
El.Fsaher 55.000 
 13 4.000 ?3
 
Wou 53.000 14 4.500 
 a5 
IlfOeneino 39.000 15 750 19
 
Miloki 37.000 16 2.800 
 76
 
senInr 33.000 17 
 4.500 136 
If "ahud 28.000 iI 1.060 36
 
Ed Loviim 27.0Q0 it 
 4.500 167
 
New HitIs 24.000 20 4,500 166
 

Source: el-Bushra and el-Sanmmani. 1977.
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Table 3.18 Major Dams
 

Area Capacity Hydroelectric capacity MW
 
km2 3
Site Completed 109 m Installed 	 Short Long
 

term term
 

Blue Nile
 
Roseiris Dam 1966 290 3.0 90 120
 
Sennar Dam 1925 160 .9 15 15
 

White Nile
 
Jebel Aulia 1937 600 3.5 25
 

Dam
 

Bahral Jabal
 
Nimuli-Juba P* 100 400
 
Reach
 

Main Nile
 
Sabaloka P 107
 
Gorge
 

Fifth P 
 250
 
Cataract
 

Fourth P 
 250
 
Cataract
 

Dal and Third P 200
 
Cataract
 

Atbara
 
Khashm 1966 150 1.2 13
 

el-Gibra
 
Dam
 

Upper Atbara P 	 20
 

*P = Planned 

Sources: 	 Bannaga. 1980.
 
Waterbury. 1979.
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categories are distinguished within Sudan, which
 
may be broken down into the following brrid
 
categories:
 

Yermosols cover vast areas of the Libyan and
 
Nubian Deserts in the north (Figure 3.14, Table
 
3.19). Such soils are usually not suitable for
 
either traditional or modern agriculture. Neither
 
are they particularly productive for livestock
 
pastures. Even when water can be made available,
 
agricultural development is limited by stony,
 
lithic, or petrocalcic soils, salt crusts, and the
 
presence of shifting dunes.
 

Lithosols in various associations are found along
 
the southern fringes of the Libyan Desert,
 
throughout the Jebel Marra and Jebel Nuba areas,
 
and in the Red Sea Hills. Agricultural potential
 
is also very limited because of dissected
 
topography with steep slopes, and by the rockiness
 
and stoniness of the substratum.
 

Regosols are found scattered throughout Sudan.
 
Eutric regosols occur in and on the fringes of the
 
Libyan Desert, in a bank along the west bank of
 
the central Nile, and in the southern Red Sea
 
Hills and fringes of the Ethiopian highlands.
 
They are also the most common associate with
 
lithosols. Eutric regosols are generally not
 
suitable for agriculture, but do usually produce
 
sufficient pasture to serve as winter ranges for
 
nomadic herds, except in extremely arid areas.
 
Dystric regosols, found in the Bahr al-Ghazal
 
region, are extremely acid, but can sometimes
 
support a few crops such as cassava.
 

Xerosols occur in a band across Sudan south of the
 
northern deserts. Although occasionally used for
 
growing a few cereal crops, in most cases they are
 
utilized as grazing land. Xerosols with deep
 
profiles and medium texture (uncommon in Sudan)
 
can be developed with irrigation, but usually the
 
soils contain impermeable petrocalcic or argillic
 
B horizons that prevent drainage.
 

Arensols are found throughout west central Sudan
 
in the provinces of Darfur and Kardofan. All are
 
subclassified as either cambic or luvic, and
 
generally occur in level or undulating terrain.
 
These arenosols are generally poor in organic
 
carbon, nitrogen, exchangeable bases and P205, and
 
are rarely utilized for cultivation, except where
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Table 3.19 Soils in Sudan 

Associated Inclusions 
Approx. Area 

in Sudan 
soils 0 20%) (<201) Phase (1,000 ha) Region 

c8-2b* Be, 1 139 Jebel Marra 

Bc9-2b* Vc 160 Jebel Marra 

Bd31-2c Bh 7..thic 61 Southern Red Sea 
Hills 

e9-3c' LC Vp 54 Southern Ethiopian 
border 

Be45-2a* Th 173 Jebel Marra 

Be51-2a Sc, Vc Xk, Zo, Jc 1,961 Ethiopian border 
north of 
Blue Hile 

Bhl2-3c Ao Jd Lithic 211 Ethiopian border 
north of Sobat R. 

7o2-2ab Qf Petric 340 Southwest border 

Fo28-3ab Gd 1,723 Southern border 

Fo48-2ab* P Ap, Vc 41 Southern border 

FoS0-2a* Ap, Vp 14 Southern border 

Pp8-2ab Af, Rd Gd, I, Jd Petric 13,436 Western Equitoria 

GdS-2a* Jd 82 Western Equitoria 

Ge23-213a Gm, Vp 343 Dinder, Rahad 
Rivers 

GIlS-2a 1e, Oe Go, Vc 3,194 Southeastern 
swamps 

z 476 Scattered Darfur 

I Rock debris 384 Libyan border 

I-Sc-Tv-213bc' 532 Jebel Marra 

I-Be-bc 2,515 Jabal Nuba 

I-Lc-Re-b Stony 3,310 Jebel Marra 

I-R 269 Southeast border 

I-R-bc* Stony 146 Southern border 

I-Rd* 306 Western Darfur 

I-Rd-So* 68 Western Darfur 

I-Re 3,643 Jebel Marra 

I-Re-b* Stony 48 

I-Re-bc Rock debris 5,818 Red Sea Hills 
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Table 3.19 Soils in Sudan (continued)
 

Associated Inclusiods 
Approx. Area 

in Sudan 
soils ( 20t) (20t) Phase (1,000 ha) Ragion 

1-y Stony/ 5,471 Northern Kordofan 

Shifting sands 

I-Y-ab Stony 411 Libyan Desert 

1-y-ab Shifting sands 890 Libyan Desert 

Jc2-2a Ge 2,573 Nile Valley 

Jc4-2a V 387 Gash R. Basin 

JcS-2a X Re, Zo Saline 741 Tokar Delta 

Jc26-2/3a Gc, Gm Saline 85 Noarhern Nile 
Valley 

Jc28-2/3a Lo, VC 771 Jebel Marra wadis 

Jc29-2/3a Vc 445 Jebel Marra wadis 

Jc30-la Vc, Zo 506 Wadis in northern 
Darfur 

Jc30-2/3a Vc, Zo 252 Wadis in northern 
desert 

Jc32-2a Zo Saline 85 Wadis in Red Sea 

Hills 

Je23-a' Vc 68 Upper Blue Nile 

Je29-a Ge, Gm vc 2,613 Southern Nile 
Valley 

Lcl3-la QC Bc, Bv 822 Central Kordofan 

LflB-la Re Patric 1,009 Southern 
highlands 

LflB-2a Re Lithic 1,699 Southern 

highlands 

Lf28-2/3b U , Lg Bc 496 West of Malakal 

Lf30-2a Lg 1,054 Southern swamps 

Lf32-1/2ab I Petroferric 901 Western Darfur 

Lf4l-1/2ab 14, I Petric 316 C.A.R. border 

Lg6-2/3a Lf, Vc Ge, 0e 758 Just northwest 
of Juba 

Nel3-3b Vp Be, 1, Lp 534 Southeast border 
with Ethiopia 

Ne27-2b Rh, Rd I 833 Southern border 
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Astociated 
soils C 20%) 

Qc4-la Q1 

QclS-La* Re 

Qcl7-1a* S, We 

Qc2l-la Q1, Re 

Qlll-lb Re 

Q122-Ia* Lf 

Q123-la* I, Je 

Q124-laO Lf 

Rdl2-2bc Bf, I 

Rdl8-3ab I, L9 

Rel-la 

Rel-la 

Re16-b* Je 

Re24-2c I 

ReB-2b 

Ra59-2c 

Re64-2a 

Re65-1a QC 

Vcl-2/3a* 

Vcl3-3a' Bv 

Vcl4-3a* Re 

Vc26-3a 

Vc28-3a 

Vc29-3a Ao 

Vc3l-2/3a L, So 

Vc32-3a Ge, Je 

Vc33-3a 

Table 3.19 Soils in Sudan (continued)
 

Approx. Axea
 
Inclusions 
 in Sudan
 

(20%) Phase (1,000 ha) Region
 

14,001 Darfur, Kordofan
 

S, A 
 258 Western Darfur
 

54 Western Darfur
 

Ge, Lk, So 
 6,742 Centra.1 Kordofan 

2,26. Southern Darft-r 

173 Southern swamps 

75 Western Darfur 

G 2,267 	 Southern Darfur
 

792 C.A.R. border
 

Gd, Jd Petrolithic 11,061 Bahr al-Gazal,
 

Bahr al-Azab
 
region
 

173 Northern Darfur
 

Shifting sands 8,217 Northern desert
 

3 

Lithic 272 	 Southern Red Sea
 
Bills
 

I,Jo Lithic 1,098 	 Southern Red Sea.
 
Bills
 

I, Je Lithic 785 thiopian border 
near Blue ile 

Zg, Jt 336 Southern Red Sea
 

Coast
 

2,590 	 Just went of
 
Central Nile
 

37 Southern Darfur
 

65 Western Darfur
 

Stony 116 Wetern Darfur
 

Jc, So, Zo 37 Southeast border 

Je, Ge, Oe 11,792 Jonglei Prov. 

Stony 982 Southeast border 

Lc 1,665 Central Kordofan 

197 Central Kordoran 

Ge 	 1,533 Jabal Nuba
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Table 3.19 Soils in Sudan (continued)
 

Approx. Area
 
Associated Inclusions in Sudan 
soils (201) ( 201) Phase (1,000 ha) Region
 

Vc34-3a Ge 
 Lf, Re 1,570 	 Southeastern
 
swamps
 

Vc35-3a Be, Vp 
 LO 5,128 	 West of
 
White Hile
 

Vc36-3a Vp X, G 17,229 	 Between Niles,
 
east of Blum 'ile
 

Vp7-3a5 Ge 
 136 Western Sudd
 

Vpl0-3a• Bv 
 14 Western Darfur
 

Vpl5-3a Oe, Gm Je 
 6,800 Sudd
 

Vpl6-31 Qc, Re 
 2,039 Western Sudd
 

Vp20-3a Vc 
 Sodic 2,736 Gezira
 

Vp24-2a* Ws 
 258 Northern Darfur
 

X8-2a Re, Zo 
 204 Red Sea Bills
 

Xhl4-ab Re 	 Vc, Yt Shifting sands 1,067 Atbara River
 

Xhl4-la Re 	 Vc, Yt Stony 
 21,242 	 Band across 
country north of 
Khartoum 

XhlS-a Jc, Xk 
 Stony 3,028 West of Red Sea
 
Bills 

X114-2a Vc 
 591 South of Kassala
 

Y5-la I, Re Stony 45,468 Northern deserts
 

Yll-ab 1,J 	 R, Ty, Z Stony 7,850 Northern deserts 

ThlS-la Re, Yk 	 Saline 1,227 Red Sea Coast 

Rock debris or 
 2,844 Scattered in
 
desert detritus 
 north
 

Duneni or 
 408 Northern borders
 
shifting sands
 

Textural Class Slope lama
 

1 corns a level to gently undulating 
2 %wdium b rolling to hilly 
3 zine c strongly dissected to mountainous 

Note 	 on Interpretation, In the c.azpis Lf4l-1/2ab Ion the C.A.R. border) Lf referm to soil type Ferric
 
Luviol. The number Irkediately following 
 the soil type (41) is an arbitrary classification fortabulation purposes on the UwEsCO-FAO map. It aids in looking up associated soils and inclusions. 
Numbers following the hyphen (1/2) refer to textural class (coarse to medium). Small letters at the 
end Cab) refer to slope class. 
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Interpretations of Symbols 

Soil Types 

A Acrisols J Fluvisols S Solonetz 
Af Ferric Acrisols Jc Calcaric Fluvisols So Orthic Solonetz 
Ao Orthic Acrisols Jd Dystric Fluvisols 
Ap Plinthic Acrisols Je Eutric Fluvisols Th Humic Andosols 

Bc Chromic Cambisol 
Jt Thikonic Fluvisols Tv Vitric Andosols 

Bd Dystric Cambisols Lc Chromic Luvisols V Vertisols 
Be Eutric Cambisols Lf Ferric Luvisols Vc Chromic Vertisols 
Bf 
Bh 

Ferralic Cambisols 
Humic Cambisols 

Lg 
Lk 

Gleyic Luvisols 
Calcic Luvisols 

Vp Pellic Vertisols 

By Vertic Cambisols LO Orthic Luvisols Ws Solodic Planosols 

D Dunes or Shifting Sands 
Lp Plinthic Luvisols 

x Xerosols 

Fo Orthic Ferralsols 
Ne 
Nh 

Eutric Nitosols 
Humic Nitosols 

Xh 
Xk 

Haplic Xerosols 
Calcic Xerosols 

Fp Plinthic Ferralsols Xl Luvic Xerosols 
Oc not defined in source 

G Gleysols Oe Eutric Histosols Y Yermosols 
Gc 
Gd 

not defined in source 
Dystric Gleysols Qc Cambic Arenosols 

Yh 
Yk 

Haplic Yermosols 
Calcic Yermosols 

Ge 
Gm 

Eutric Gleysols 
Millic Gleysols 

Qf 
Ql 

Ferralic Arenosols 
Luvic Arenosols 

Yt 
Yy 

Takyric Yermosols 
Gypsic Yermosols 

I Lithosols R (on Figure) Rock debris or Z Solonchaks 
desert detritis Zg Gleyic Solonchaks 

Zo Orthic Solonchaks 
R (on Table) Regosols 

Rd Dystric Regosols 
Re Eutric Regosols 



they border valleys. They do support savanna
 
vegetation and extensive animal husbandry.
 

Vertisols are probably the most widespread soils
 
in Sudan, occurring throughout the eastern part of
 
the country south of the northern desert.
 
Vertisols are very heavy and difficult work by
to 

traditional methods, so that they are 
more often
 
used for livestock raising. With proper attention
 
to drainage however, irrigation development can
 
make vertisols fairly productive.
 

Fluvisols are found throughout the Nile valley as 
well as in major wadis throughout the country.
With irrigation they are well suited for 
cultivation. They are well endowed with 
exchangable bases and with total P205 . The 
adsorbing complex is sometimes mildly saturated 
with sodium, but is offset by extensive organic
 
matter. Salinity can become a problem without
 
proper management.
 

Ferralsols are found in Western Equitoria;
 
subdivided into plinthic and orthic categories.
 
They have low adsorbing complex and are often
 
highly desaturated and possess no mineral reserve.
 
Fertility is limited, and their main use 
 and
 
potential is for grazing.
 

Gleysols are found 
in the swamps of southern
 
Sudan, luvisols are found along the southern
 
border and scattered in Kordofan and Darfur.
 
Cambisols occur in the fringes of the Ethiopian

highlands along the eastern border, and nitosols
 
in the highlands along the southern border.
 

Table 3.19 lists all the Sudanese soils which are
 
distinguished by UNESCC-FAO (1977), and 
 soil
 
profiles of some areas may be found in Appendix V.
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3.3.2 Agriculture i/
 

Nearly 292 million feddans, or almost half of
 
Sudan's surface are classified as suitable for
 
agriculture in Waterbury (1979; Table 3.20). Many

other sources give about 200 million feddans as
 
cultivable. Only about eight percent of this
 
cultivable land (less if Waterbury's figures are
 
accepted) is currently utilized for agriculture.
 
About 17 million feddans were under cultivation by
 
1980. However, because a large proportion of
 
these cultivated lands depend upon rainfall, the
 
amount actually cultivated in any particular year
 
can vary greatly due to fluctuations in
 
precipitation. The 1970 figures in Table 3.20,
 
for example, are taken during a particularly bad
 
year when total acreage had declined. Irrigated
 
acreage does not fluctuate much, but has shown
 
steady increases. By 1980, about 4.5 million
 
feddans were irrigated.
 

The major crop in Sudan in terms of total
 
production and acreage planted is sorghum (Table

3.21). Sorghum (durra) has traditionally been the
 
country's staple cereal, and most farmers prefer
 
to grow some in order to avoid having to buy it
 
with cash. Irrigated sorghum may typically yield
 
around 430 kg per feddan, but only about 500,000

of the total six million feddans were being
 
irrigated by 1980. Yields of non-irrigated
 
sorghum are not available, but Table 3.22
 
indicates they may be between 16 and 26 percent of
 
irrigated yields, depending on rainfall.
 

Wheat has traditionally been grown along the Nile
 
north of Khartoum. Most was under basin flooding,
 

1 5Sources: 	 Europa. 1981.
 
FAO-UNDP. 1968.
 
Hale. 1966.
 
Lebon. 1967.
 
Lee. 1970.
 
MEED. 1977.
 
Nelson et al. 1973.
 
Simpson. 1970.
 
Thimm. 1979.
 
Tothill. 1948.
 
U.S. AID. 1981a.
 
U.S. AID. 1981b.
 
Waterbury. 1979.
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Table 3.20. Present and Proposed Land Use in the Sudan
 

(in 1,000 feddans) 

• ienbuwo W suriam'a 

Total Sur.ace Area of the Sudan 

Not suited for agriculture;
 
total: 


o. which water courses 
swamp, desert 

Suitable for agriculture
 
total. 


of whiic' forests 

permanent pasture 
arable land 

Arable land breakdown 
lmgz ted 


Nonirrigated 


Area harvested 
Irrigated 


Nonirrigated 


Cropping intensity 
Total 

Irrigated 

Nonirrigated 


Source: 


1970 
L.OW %al 

Feddam fut 

596,383 100 

304,595 51 

(30,895) 

(273,700) 

291.788 49 
(212,335) 	 (35.7) 

(51,400) (9.1) 
(25,053) (4.2) 

3.218 .54 
21,835 3.66 

2,348 .39 
8,734 1.47 

44% 

73 
40 

Waterbury. 1979.
 

i 5 
IO0M %08. 

Feddati IhXAi 

(202,594) (34.1) 

(49,520) (8.3) 
(39.674) (6.6) 

4,438 .7 
35,236 5.9 

3,548 .6 
15,856 2.65 

49% 

50 
44 
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Table 3.21. Principal Crops
 

(1,000 metric tons)
 

Wheat 
Maize 
Millet • 
Sorghum (Durra) 
Rice 
Sugar cane 
Potatoes 
Sweet potatoes 
Cassava (Manioc) 
Other roots and tubers 
Onions . 
Water melons 
Dry beans . 
Drv broad beans 
Chick-peas 
Other pulses
Ora-s and tangerines
Lemons and limes 
Grapefruit . 
Mangoes 
Dates .O6*. 

Bananas 
Groundnuts(in shell) 
Seed cotton 
Cottohseed 
Cotton lint 
Sesame seed 
Castor beans 
Tomatoes . 
Pumpkins. etc. 
Aubergines . 
Melons 

0 FAO estimate. 

1977 


301 
43 

515 
2,200 

99 
1,549 

22* 
400 


1150 
113* 

20* 
856 
3 

20 
3* 

54* 

44' 
36' 
53' 
61 


6 
830 


3,ooof 
392 

256 

136 

245 


7 

143' 


57' 
76' 
to* 


1978 1979
 

317 266 
46 50' 

557 370 
2,400 1Q70 

6 20 
x,65o' 1,700 

256 25' 
400 40' 

1108 [loll 
115' 113* 
20' 20' 
85" 83. 
3 3' 

2ot 21* 
3' 3: 

54' 55 
45' 45' 
360 37' 
53" 53' 
oI1 61 

1100 110' 
83' 83' 

83o 8.1104 
643t 361t 
420 230t 
223 131 t 
226 2lot 
o' o*
 

145' 145' 
580 58' 
76' 76' 

1o 108
 

t Unofficial eiamat& 

Source: Europa. 1981. 
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Table 3.22. Trends in Total Area, Production and Yield
 

Rainfed
 

1965/66-1969/70 

(5 yr. average)
 

1972-73 


1973-74 


1974-75 (est) 


Irrigated
 

1965/66-1969/70 


1972-73 


1973-74 


1974-75 (est) 


Flooded
 

1965/66-1969/70 


1972-73 


1973-74 


1974-75 (est) 


of Main Crops
 

Total Area Total Production 

(1000 feddans) (1000 metric tons) 


6,729 1,731 


10,498 1,948 


11,064 2,135 


11,563 2,856 


1,685 1,657 


1,994 2,385 


2,210 2,565 


2,480 3,165 


123 46 


149 54 


144 45 


181 55 


Average Yields
 
(kg/feddan)
 

257
 

186
 

193
 

247
 

983
 

1,196
 

1,61
 

1,276
 

374
 

362
 

312
 

303
 

Source: adapted from Waterbury. 1979.
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but pumps have been increasingly utilized.
 
Consumption patterns have been changing in favor of
 
wheat, and it is now also an important commercial
 
crop, particularly in the Gezira and Khashm al-

Girba schemes. Yields have generally been fairly

low; averages have varied between 400 to 650
 
kg/feddan over the past decade, except in
 
irrig,- :d areas.
 

Cotton is the most important crop from an economic 
viewpoint. Sudan produces three types of cotton. 
Most important is long staple cotton, which 
accounted for about 70 percent of total acreage up 
to 1974/75. Long staple cotton is grown mainly in
 
government irrigation schemes in the Geziri (about
 
75% of production), and in the Gash and Tokar 
delta areas. Short staple cotton accounted for 
about 12 percent of cotton production, and medium 
staple (which is often classified with short
 
staple) for about 18 percent. These are
 
occasionally grown on pump schemes along the Nile,
 
but usually are found on rainfed land in Kordofan 
and the Equitoria area. Much is consumed locally
 
rather than exported. Total acreage was about 1.2
 
million feddans until 1975, but fell to about one
 
million afterwards, as policies stressing more
 
food production were implemented. Within the last
 
few years, however, there has been renewed
 
interest in increasing production again.
 

Groundnuts are nearly all grown on rainfed land,
 
although the small proportion of irrigated
 
groundnut area (500,000 feddans) accounts for
 
about one-fourth of production. About two-thirds
 
of production is exported.
 

Sugar has also become important. In 1981 Sudan
 
officially opened one of the world's largest sugar
 
processing complexes, and was planning several
 
smaller plants which should be already operating.
 
The government hopes eventually to completely
 
supply through domestic production the 400,000 ton
 
annual demand for sugar. Sugar cane is primarily
 
grown in the Gezira area on government irrigation
 
schemes.
 

Traditional Agriculture. According to Nelson et
 
al. (1973), who are followed here, cultivation
 
techniques in Sudan vary widely according to
 
differences in physical environment and culture.
 

Along the Nile in the north, where modern
 
irrigation development is more limited, the old
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traditional forms of irrigation survive. Most of
 
the cultivated land along the river is perennially
 
iirigated, either by natural flood, by diesel
 
pumps, or by shaduf or saqiyya irrigation. North
 
of 140 N cultivation is generally impossible

without irrigation of some kind. Unlike the
 
perennially irrigate,] land farther south, however,
 
the irrigated land in the desert Nile economy was
 
producing chiefly for subsistence rather than for
 
commercial use in the 1960s.
 

The area most readily irrigated by traditional
 
shaduf or saq.yya is the alluvium terrace, or
 
natural level, at the river edge. As the longest
 
cultivated and most valuable land, ownership has
 
been greatly fragmented through Islamic
 
inheritance law, and is now subd!'.'.iJed into minute
 
holdings. Alluvial terrace that is well above the
 
level of the highest floods was formerly beyond
 
reach of irrigation but can now be irrigated by
 
means of diesel pumps. Pump projects have
 
proliferated along the desert Nile region since
 
the 1950s, and more are planned. Slightly lower
 
alluvial areas, or basins, are divided into much
 
larger units of holding and cultivation than the
 
older saqiyya lands and usually have but one crop
 
a year, whereas the saqiyya lands have an
 
elaborate succession of crops. Some alluvial land
 
also forms part of the Nile channel but is exposed
 
during the low-water season; this is known as
 
seluka land.
 

Date palms are very numerous along the Nile in
 
this region, declining in number and date yield
 
toward the south. However, they are so little
 
cared for by the inhabitants as scarcely to
 
qualify as a cultivated crop. The doum palm also
 
springs up naturally on the cultivated lands in
 
this region and is u3ed both in subsistence and in
 
commerce. The nuts are used for carving buttons
 
and other ivory substitutes, and leaves and trunks
 
are used for matting and building.
 

For the most part, traditional cultivation is
 
rain-fed cultivation. Before the inauguration of
 
large-scale cotton growing, much of the grain was
 
produced in the Gezira area. Since the 1940s,
 
however, most of the country's food crops are
 
grown away from the Nile by rain-fed cultivation.
 
Rain cropping without irrigation is generally most
 
important south of about 140 N.
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The traditional forms of rain-fed cultivation are
 
practiced largely in the central clay plains, the
 
qoz regions, the Ironstone Plateau, and the flood
 
plain (Figure 3.15). The flood plain proper is
 
used chiefly for grazing after the waters retreat;

but there are villages of sedentary cultivators on
 
higher ground in parts of the southern clay
 
plains. Shifting cultivation, in the sense of
 
shifting village location, is for the most part
 
practiced only in the southern provinces. Even
 
there, a village is abandoned only after all the
 
surrounding fields have been exhausted, perhaps
 
after ten or twenty years. The predominant form
 
of sedentary land use in the central economic
 
region is that of rotating fields within walking
 
distance of the permanent village, use of a field
 
being resumed after the land has rested for
 
several years.
 

The principal crops in the central economic
 
regions are the drought-resistant durra sorghum
 
and dukhn, or bulrush millet, along with sesame
 
and beans. Maize is grown where sufficient
 
moisture is available. In the southern provinces
 
eleusine millet and cassava are also commonly
 
grown, and the climate and soils permit a far
 
greater variety of supplementary crops. Within
 
the central regions the Nuba Hills and the Jabal
 
Marrah, with their silt-depositing streams and
 
more varied temperatures, form separate economies
 
with a greater range of crops, including some
 
temperate-zone crops.
 

The chief granary of the country in the early
 
1960s was the eastern portion of the central clay
 
plains. Settlement here, as in the qoz sands,
 
tends to be more dense along the railway line,
 
which coincides roughly with the area of higher
 
rainfall. Cultivated land has been expanded in
 
this area by the promotion of rainland
 
mechanization projects, but traditional
 
cultivation has also been assisted by the
 
excavation of reservoirs by the government. The
 
prevalent land-use system is rotation with
 
unimproved grazing, and hariq (the burning of
 
grassland for cultivation) is widely pra. Aced.
 

Harnq cultivation is practiced extensively in
 
Kordofan, Blue Nile, Kassala, and Upper Nile
 
provinces, in areas of well-watered clays,
 
wherever almost pure stands of certain dense
 
grasses occur. A thick mat of coarse dead grass
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Figure 3.15. Economic Regions of Sudan 

Source: Nelson et al. 1973. 
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is allowed to accumulate for t'o to four years,
 
protected by fire lanes, and is then fired after
 
the first rains have fallen and the grass seed has
 
germinated. The burning enriches thq soil and
 
destroys the young seedlLngs.
 

Other distinct cultivation practices prevail among
 
the Nuba and among the Fur of the Jabal Marrah
 
area. A government-sponsored cash-cropping scheme
 
for the growing of cotton has been operating in
 
the Nuba Hills for some years, and an elaborate
 
regional development scheme is under preparation
 
for the Jabal Marrah. The lowland Fur raise
 
durra, dukhn, groundnuts (peanuts), maize (corn),
 
sesame, and bamia (okra) as well as cash crps,
 
such as tobacco, wheat, and barley. The upland
 
Fur have a long tradition of terrace agriculture
 
and practice traditional irrigation from the
 
streams from considerable distances to water their
 
fruit orchards and barley fields. The Nuba also
 
once maintained an extensive system of terrace
 
agriculture on the hills, and are sedentary
 
cultivators by tradition.
 

Most of the flood-plain economic region is ill
 
suited to cultivation, but the Nilotic inhabitants
 
maintain their permanent cultivating villages from
 
May to October on the areas of high ground or on
 
the edge of the adjoining Ironstone Plateau. The
 
lands are prepared for crop cultivation by cutting
 
and burning the grass during the dry season.
 

Except along the northern edge, the prevailing
 
form of land use in the Ironstone Plateau economic
 
region is defined as shifting cultivation. This
 
pattern may, however, be merging into simple land
 
rotation in many places, especially where an
 
economy of land abundance has given way to denser
 
population. Along the northern edge of the
 
plateau the Dinka cultivate during the summer
 
months, and the land use is the Nilotic type of
 
land rotation with grazing.
 

The highest incidence of shifting cultivation is
 
in the western part of Equatoria Province, between
 
Yei and Yambio, an area of closed savanna
 
woodland. It is also practiced in the western
 
part of Bahr al-Ghazal Province, which is very
 
sparsely populated.
 

The stable crop in most of the area is dur:a
 
sorghum, but an indication of the potential for
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diversification offered by the climate and soil is
 
suggested by a partial list of other crops:
 
eleusine millet, cassava, maize, groundnuts,
 
sesame, sweet potatoes, pulses, dukhn, cotton,
 
tobacco, cucurbits, chilies, mangoes, bananas,
 
yams, papaya, tomatoes, pineapples, rice, coffee,
 
castor beans, and shea nuts.
 

Commercial agriculture has largely been developed
 
through government efforts in public projects, and
 
has been more or less synonymous with irrigation
 
development and cotton growing. Since the 1960s
 
increasing areas or rotation periods of other
 
crops--notable groundnuts and other oilseeds, but
 
also cane sugar and forage crops--have been added
 
to the major improvement schemes, and allotments
 
of acreage for food grains such as durra have
 
always been used to attract tenants. Groundnuts
 
are the most profitable of the alternative crops
 
and provide the advantage of leguminous rotation 
with cotton to restore soils. Both existing and 
proposed areas of irrigated agriculture, however, 
are often reserved for cotton since it is the most 
profitable exportable cash crop. 

The Gash and Tokar desert deltas were the first
 
areas in the country to be exploited for
 
systematic growing of a commercial cotton crop.
 
The idea was introduced and flood control canals
 
on the Gash River were built between 1924 and 
1926. The Baraka River at the Tokar delta has 
never been harnessed by definite channels and 
regulators, as it is judged that th local
 
duststorms would make maintenance too ostly;
 
natural flood irrigation continues to be used
 
there. Gash and Tokar consist of intermittently
 
cultivated, flush-irrigated cropland, in contrast
 
to the perennially cultivated, gravity-irrigated
 
cropland of the Gezira and associated schemes.
 

The extensive tableland of the Gezira slopes
 
gently toward the north and west, permitting
 
natural gravity irrigation from the dam at Sannar.
 
The land is very flat, so that it is easily
 
reached by a small canal system and minor
 
distributory channels; and it consists of cracking

clays well suited for irrigation.
 

Conceived in 1904, with cropping actually
 
beginning in 1925, the Gezira Scheme and its
 
Manaqil extension were still accounting for much
 
of the aggregate output of the modern agricultural
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sector by 1970: 60 percent of the cotton and
 
about 50 percent of the wheat. They even
 
accounted for a sizable portion of more
 
traditional crops: 12 percent of the year's
 
output of durra and 30 percent of the lubia crop,
 
for example (lubia is a forage bean).
 

Private irrigation schemes using diesel pumps
 
began to develop in Khartoum Province in the
 
1920s, raising crops to supply the Three Towns--

Khartoum, Omdurman, and Khartoum North--with dairy
 
products, fruits, and vegetables. The completion
 
of the Jabal al-Awlia Dam in 1937 permitted
 
acceleration of the development of local pump
 
schemes. However, it also caused the annual
 
flooding of a large area of tribal grazing and
 
cultivation land, extending upstream for some 180
 
miles. The riverine tribes involved had to be
 
compensated by the construction of seven pump
 
schemes known as the alternative livelihood pump
 
schemes, which were financed partly by a payment
 
from the Egyptian government. Although the
 
tribesmen had considerable difficulty in adapting
 
themselves to this enforced change in their way of
 
life, the schemes eentually came to produce large
 
surpluses of cotton and durra.
 

Schemes were stimulated by the high cotton profits
 
during the worldwide boom in the 1950s; in the
 
five years from 1953 to 1958 the total area under
 
cotton of private estates in Blue Nile and Upper

Nile provinces increased from 91,000 feddans to
 
197,00 feddans.
 

Sharp drops in cotton prices in 1959 led to the
 
failure of many private schemes and drastic
 
cutbacks in new development. Because of the high
 
rate of failures and for other policy reasons, the
 
government in 1968 decided that it would gradually

take over ownership and operation of the private
 
pump-irrigated estates. A new body, the
 
Agricultural Reform Corporation, was created for
 
this purpose. The larger estates were taken over
 
in 1968, and thereafter the private pump schemes
 
along the White Nile were brought under the
 
control of the corporation as their leases
 
expired. In May 1970 the remaining leases were
 
revoked, and the land involved was placed under
 
the corporation. By the time the 1970/71 crop was
 
planted, therefore, the government had assumed a
 
monopolistic position in cotton growing.
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Sudan has also purisued the establishment of large 
mechanized areas throughout the zone where rainfall 
is sufficient, but particularly in Kordofan and 
Kassala, where much short staple cotton is grown. 

3.4 Vegetation
 

3.4.1 Native Flora 16/
 

Detailed discussions of vegetation may be found
 
for various Sudan regions as follows: the
 
Northern Nile valley (Frankenberg 1979); Khartoum
 
Province (Halwagy 1961 and 1962; Obeid and Mahmoud
 
n.d. and 1971; Mahmoud and Obeid 1971); Blue Nile
 
Province (Bunting and Lea 1962) Kordofan and
 
Darfur (Wickens and Collier 1971); and Darfur
 
alone (Wickens 1976). Comprehensive summaries of
 
the whole country may be found in Andrews (1948),
 
and Bari (1968), from whom the following summary
 
is taken.
 

Vegetation in Sudan may be divided into five main
 
zones (compare Figure 3.16).
 

Desert Zone (located north of 170 N and excluding
 
the Red Sea Hills): Annual rainfall less than 2
 
inches (50 mm). No vegetation except for what
 
could be found in Bayuda and Atbai deserts. A few
 
ephemeral herbs and grasses grow after the scanty
 
rain and form the "gizzu".
 

Semi Desert Zone (located between 14o-17o north,
 
including the Red Sea Hills): The vegetation is
 
made up mainly of annual or perennial grasses and
 
herbs with or without woody vegetation. According
 
to soil types and amount of rain this zone is
 
subdivided into 5 subzones named according to the 
dominant species in the area or the type of soil. 

16Sources: 	 Andrews. 1948.
 
Bari. 1968.
 
Bunting and Lea. 1962.
 
Frankenberg. 1979.
 
Halwagy. 1961.
 
Halwagy. 1962.
 
Mahmoud and Obeid. 1971.
 
Obeid and Mahmoud. n.d.
 
Obeid and Mahmoud. 1971.
 
Wickens. 1976.
 
Wickens and Collier. 1971.
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Figure 3.16. Vegetation Zones
 

Source: Available from U.S. GPO, 78031 3-71.
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1. Acacia tortilis - Maerua crassifolia
 
Desert Scrub, found mainly in the east, forms
 
about 78,000 sq km of the total area.
 

2. Acacia mellifera - Commiphora Desert
 
Scrub, found mainly in the west.
 

3. Semi Desert Grassland on Sand (in the
 
west), a vegetation of mixed grasses and herbs
 
alternating with Acacia-Commiphora desert scrub
 
plus a few trees along "khor" beds and drainage
 
lines.
 

4. Semi Desert Grassland on Clay (in the
 
east), a vegetation of mixed grasses and herbs
 
with trees along water courses. The Butana, which
 
lies between the Blue Nile and Atbara, is a
 
typical area (16,000 sq km).
 

5. Acacia glaucophylla - Acacia etbaica
 
Desert Scrub, found in the Red Sea Hills (8000 sq
 
km).
 

Woodland Savanna Zone (monsoon rainfall ranging
 
between 300-1500 mm): Here, because of the
 
presence of tall grass, fires play an important
 
role in determining the climax vegetation. Most
 
plants are fire resistant and the vegetation is of
 
mixed grass and bushes with or withcr:t trees.
 
According to the amount of rain Low Rainfall and
 
High Rainfall Savanna types are found.
 

(a) Low Rainfall Woodland Savanna has a
 
vegetation of thorny low stature trees (acacias),
 
thickets of Acacia mellifera, few broad-leaved
 
deciduous trees, few herbs, few perennials and
 
some annuals. This type of vegetation is found
 
mainly in Central Sudan. In East Central Sudan,
 
where dark cracking clays occur, either Acacia
 
mellifera thornland associated with Commiphora
 
africana (102,000 sq km), Boscia senegalensis on
 
hill sides, or Acacia mellifera-Commiphera desert
 
scrub are found. On dry areas Acacia mellifera
 
could be found as pure stands. On wetter areas A.
 
seyal-Balanites savanna (105,000 sq km)

alternating with grass areas occur and A. seyal

is dominant throughout. On more wet areas A.
 
Senegal is dominant (48,000 sq km). On lowlands
 
A. camplyacantha is common while on areas liable
 
to flooding A. fistula and A. drepanolobium are
 
widespread.
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In West Central Sudan, where sandy soils
 
predominate, the following savanna types occur:
 
A. senegal; Combretum cordofanum-Dalbergia
Albi"zia sericocephala (30,000 sq km); and
 
Terminalia-Sclerocarya-Anogeissus schimperi mixed
 
deciduous woodland (19,000 sq km).
 

(b) High Rainfall Woodland Savanna is a
 
vegetation of mixed deciduous woodland of
 
anogeissus-Khaya seneoalensis and Isoberlinia
 
(106,000 sq km).
 

Flood Zone: According to the amount of water,
 
three types of vegetation may be distinguished,
 
with a total area of 116,000 sq km.
 

(a) Highland (rarely flooded). On sandy
 
soils the vegetation is mainly palm type.
 
Hyphaene thebaica is generally dominant, Borassus
 
aetliiopum locally dominant, few acacias with A.
 
sieberiana most common. On clay soils A. e -
Balanites savanna type occurs. 

(b) Intermediate (flooded during the rainy
 
season). The vegetation is mostly grassland with
 
Hyparrhenia rufa and Setaria Incrassata as
 
dominant with few areas of A. seyal-Balanites
 
savanna.
 

(c) Swamps, either permanent (13,500 sq km)
 
in areas flooded by rain, rivers and inland

'khors" where the most dominant species is Cyperus
 
papl'rus, or seasonal with Echinochloa stagnina, E.
 
pyramidalis usually dominant. Other coiwnon swamp
 
species are: Phragmites communis, Hyparrhenia
 
rufa, Vetiveria nigritana, Pistia stratiotes,
 
Ipomoea aquatica and recently Eichhornia crassipes 
which is very widespread.
 

Montane Zone: Areas with high altitudes where the
 
vegetation changes with height.
 

Immatong Mts. and Dongotona Mts.: Podocarpus
 
milanjianus (50 sq km) is dominant. At 5500-7000
 
ft. Olea hochstetteri, 0. welwitschii and
 
Syzygium-aff. S. gerrardii, which forms pure

stands, are dominant. Other common species are
 
Protea gaguedi, Hagenia abyssinica, Acacia
 
xiphocarpa, Albizia gummifera and Maesa
 
lanceolata.
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Didinga Mts: Podocarpus, Juniperus procera
 
and Olea chrysophylla are dominant.
 

Red Sea Hills: Juniperus procera, confined
 
to Korora Hills and Olea chrysophylla on Jebel
 
Elba.
 

Jebel Marra: Open grassland with areas
 
dominated by Olea laperrini and Acacia albida.
 

Miscellaneous. One should mention, besides the
 
main zones, the Gallery forests (150 sq km) which
 
are a type of rain forests with Khaya grandifolia,
 
Cola cordifolia, Erythrophleum guineense.
 
Mitragyna stipulosa and Syzygium guineense as
 
common species. Also, rainforests (20 sq km) with
 
Celtis zenkeri, Chrysophyllum albidum,
 
Mildbraediodendron excelsum and Entandrouhracma
 
angolense. Lastly, Acacia nilotica and A. arabica
 
found as pure forests in areas, N. of Lat. 100,
 
flooded annually by the Nile.
 

Some additional data may be found in Appendix VI.
 

3.4.2 Forestry and Wood 'Jse 1_7/
 

Figures on the total amount of forested land are
 
inconsistent, at least partially because of
 
differing definitions currently used. Waterbury
 
(1979) indicates that 212,335,000 feddans of land
 
classified as suitable for agriculture is actually
 
forested (cf Table 3.20). This corresponds fairly
 
well with the 200 to 220 million feddans that
 
several other sources classify as forest (e.g.
 
Bayoumi n.d.; U.S. AID. 1981a), and represents
 
around 36 percent of Sudan's surface area. About
 
2.5 to 3.0 million feddans are designated as
 
protected Forest Reserve Estates, which are
 
government owned. The majority of wood utilized
 
from Sudan's forests is for fire wood (Table
 
3.23). Another major use of forests is in gum
 
Arabic production (Table 3.24).
 

Fuelwood and Charcoal. As noted in Section 3.1.4,
 
th- majority of energy consumed in Sudan is from
 

17Sources: 	 Anon. n.d.
 
Bayoumi. n.d.
 
Europa. 1981.
 
U.N. 1981.
 
U.S. AID. 	 1981a.
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Table 3.23. Roundwood Removals
 

('ooo cubic metres, all non-coniferous) 

1972 t973 1974 1975 1976 1977 1978 

Sawlogs, ver~eer logs and logs for 
sleepers 88 90 6o 93 30 35 41 

Other industrial wood 1,190 1,254 1.295 1,19 1.3- 1.405 1,450 
Fuel wood 19,800 18,700 20,250 20,925 25,245 27,002 27,502 

TOTAL • 21,078 20,044 21,605 22,337 26.636 28,442 28.993 

FAO estimate. 

Source: Europa. 1981. 

Table 3.24. Gum Arabic Production 

(tons) 

1972173 1973/74 1974/75 1973/76 

Gum k.shab . 3,418 32,410 g,697 43,030

Gum talh . 2.64q 3,804 1.107 888
 

TO'TAL 35,067 30,214 20,804 43,918 

Source: Europa. 1981. 
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wood or charcoal. Total wood cons-,med in 1979-80
 
was an estimated 10.65 million tons, and charcoal
 
accounted for an additional 550,000 tons. Nearly
 
all firewood was obtained from natural forests and
 
desert scrub. Fuelwood plantations contributed
 
about 1.3 percent of total requirements. Table
 
3.25 presents data on current and projected
 
fuelwood demand.
 

3.4.3 Range Use and Livestock 18/
 

Much of Sudan's surface area is more suited to
 
livestock grazing than to cultivation. Cattle,
 
sheep, goats, and camels are all herded in various
 
combinations by the nomadic groups of the country,

who account for approximately 11 percent of the
 
population. In addition, settled people often
 
keep some animals. Total herd size is over 17
 
million for cattle and sheep, over 12 million
 
goats, and 2.5 million camels (Table 3.26).
 
Generally camels are found in the more arid north,
 
while cattle are the main grazing animal in
 
central and southern areas. Few figures on
 
carrying capacity or stocking rates on rangeland
 
are available.
 

3.5 Fauna and Cunservation Measures
 

3.5.1 Zoogeography of Native Terrestrial Fauna 19/
 

The fauna 	 of Sudan belongs to the Ethiopian
 
zoogeographical region. This region encompasses
 
all of Africa except the northern part between the
 
Mediterranean from Morocco to Egypt. It also
 
includes the southern part of Arabia. Because
 
Sudan lies near the northern extremity of the
 
Ethiopian zoogeographical region, its fauna shares
 
affinities with that of southern Europe, which is
 
part of the 	Palearctic Region, and with the fauna
 
of the Oriental Region of southern Asia and India.
 

The diversity of the vertebrate fauna in Sudan,
 
particularly mammals and birds, is surprisingly
 
great. This is due to several factors, including
 

1 8Sources: 	Europa. 1981
 
Khogali. 1979.
 
Nelson et al. 1973.
 

19Sources: 	 Happold. 1967a.
 
Hallwagy. 1962.
 
Wilson. 1979, 1980.
 

94
 



Table 3.25. Fuel Wood Supply/Demand Analysis in Sudan up to the Year 2000 

1 2 

'OULA "JON 

In mi lions 

3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 18 19 

YEAR 

V6 .4 

0. 

I. 

'n n 

d 

-1 

M 

0. 

1979 

1981 

1985 

1990 

2000 

2.5 

2.7 

3.0 

3.4 

4.5 

15.0 

16.8 

19.2 

'1.8 

28.0 

17.5 

18.5 

22.2 

25.2 

32.5 

594 

589 

548 

548 

549 

29.7 

31.3 

27.5 

27.5 

27.0 

10.4 

10.9 

12.2 

13.8 

17.7t 

0.52 

0.58 

0.61 

0.69 

0.88 

3.0 

3.3 

3.5 

4.0 

5.0 

13.4 

14.2 

15.7 

17.8 

22.7 

-

-

-

5 

10 

13.4 

14.z 

15.7 

16..
r 

19.4 

40 

39 

37 

35 

30 

17.2 

16.8 

15.9 

15.0 

12.9 

13500c 

14800C 

16100c 

13100, 

20 600 

0.13 

0.14 

0.16 

0.17 

0.20 

17.33 

16.94 

16.05 

15.17 

13.10 

-

-

-

2.63 

9.60 

-

-

0.66 

2.40 

-

-2 

-i 

,r 

Source: U.N. 1981. 



Table 3.26. Livestock and Livestock Products
 

LIVESTOCK
 
('ooo head, year ending September)
 

1979
 

17,300 
17,200 
12,200 

20
 
680
 

2,500 
26,ooo 

1979
 

195
 
77
 
42
 
x6
 
78
 

925
 
122
 
380
 

11.9 
53.0 
24.0 
15.0 
6 2
 

27.3 
11.0 
8.0 

1977 


Cattle .15,892 

Sheep. 15,248 

Got.tS . 1 1,592 


Pigs* 8 

Hores* 20 

Asses* 673 

Camels 2.813 

Chickens' 24.000 


" FAO estimate. 

LIVESTOCK PRODUCTS
 
(FAO estimates, 'ooo meric tons)
 

1978 1 


15,905 
17,358 
12,o88 

8
 
20 


6"/8 
2.408 

25,000 

Beef and veal. 

Mutton and lamb 

Goats' meat .
 
Poultry meat 

Other meat 

Cows' milk 

S '-eu's milk .
 
G .- i' milk .
 
Butter and ghee 

Cheese .
 

Hen egg, .
 

Wool: greasy 

clean 

Cattle hides 
Sheep skins 
Goat skins 

Source: 


1977 


ISo 

72 

38 

14 

78 


885 

121 

370 


11.4 
50.5 
26.1 
15.0 
6.2 


25.2 

10 3 

7
72 


Europa. 


1978 " 

188 

73 

40 

15 

78 


900 

123 

370 


11.7 
52.1 
29.6 
15.0 
6.2 

26.3 
10.5 
7.6 

1981.
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1) the broad range of habitats found within
 
Sudan's borders, 2) its very large north-south
 
latitudinal span, and 3) its proximity in the
 
south, to the east African refugia, which is
 
historically one of the two most important centers
 
of species diversity within the Ethiopian Region.
 

Because of the great latitudinal span of Sudan 
(about 40 N to 230 N) and marked differences in 
climate, the vertebrate fauna of arid northern 
Sudan differs sharply from that of the humid 
southernmost part of the country. For example, 
characteristic mammals rf the desert-like or rocky 
regions of the north included, at least formerly, 
Barbary Sheep (Ammotragus lervia, Addax 
nasomaculatus), and Scimitar-horned Oryx (Oryx 
dammah). Characteristic species of the south 
probably included Cheetah (Acinonyx jubatus),
 
Giraffe (Giraffe camelopardalis camelopardalis),
 
Hippopotamus (Hippopotamus amphibius), Warthog
 
(Phacochoerus aethiopicus), and African Elephant
 
(Loxodonta africana). Many species whose
 
distributional center lies in eastern equatorial
 
Africa, in fact, reach their northernmost range in
 
the forest or grassland and savanna zones of
 
central and northern Sudan. Similarly, many
 
species characteristically associated with the
 
arid zones of northern Africa reach their southern
 
and easternmost limits in northern Sudan.
 

3.5.2 Mammals
 

There is a large body of literature dealing with
 
the mammals of Sudan. Specific works treating
 
Sudan, or a portion of the country, or a
 
particular taxonomic group include, Carlisle and
 
Koss (1970), Hashim and Nimir (1977), Happold
 
(1966a, 1967a, 1967b), Ghobrial and Hodieb (1973),
 
Nimir and Hakim (1979), Mackenzie (1954), Owen
 
(1953), Setzer (1965), Watson (1975), and Wilson
 
(1980). Surveys dealing with the combined region
 
of Ethiopia, Somalia and Sudan include
 
Brocklehurst (1931) and Van Rosen (1953). General
 
works on tha African continent, which include
 
Sudan, are Dorst and Dandelot (1970) and Meester
 
and Setzer (1971-1977). In addition there are
 
several general works that cover east Africa and
 
also have information relevant to Sudan.
 

Setzer (1965) lists 159 species of mammals,
 
excluding bats (Chiroptera) in Sudan (Appendix
 
VII), and Happold (1967b) adds many additional
 
species to the list. Unfortunately, during the
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last several decades human and domestic livestock
 
populations have increased rapidly in Sudan. 
 This
 
has resulted in more intensive land use, and at
 
least as far as herbivores are concerned, has
 
resulted in a drastic reduction in the numbers of
 
many species. In the north both the addax and
 
oryx have suffered sharp reductions in numbers,

especially since These
1950. reduction3 are
 
believed to 
 be a direct result of increased
 
numbers of domestic livestock. Their plight has
 
also been aade worse by a lack of rainfall during

the last quarter century. This has caused the
 
virtual disappearance of the 'gizu", an ephemeral

winter vegetation that occurs as far north as 170
 
N and provides valuable, if temporary grazing.
 

The U.S. 'epartment of Interior (1980) ljjts 11
 
endangere, or threatened mammals in Sudan (Table

3.27). Three of these are not shown 
on the IUCN
 
(1978) list. 1UCN lists 12 species, 5 of which
 
are not listed by the U.S. Department of Interior
 
(Table 3.27) bringing the total to 15. It is
 
likely that even this combined total does not
 
adequately reflect the serious deterioration of
 
wildlife in Sudan. For example, Nimir and Hakim
 
(1979) state that the wildlife conservation in
 
northern Sudan is very inadequate and that
 
wildlife habitats are deteriorating at an alarming
 
rate. They indicate that competition with other
 
land-uses is affecting many wildlife habitats.
 
Several species, such as Oryx, Addax, Addra
 
Gazelle (Gazella dama), Sommering Gazelle (Gazelle

someringi), and Lecard (Panthera pardus) are
 
threatened with extinction in Sudan. 
 Two of these
 
species, the Addra and Sommering Gazelle, do not
 
appear on either the IUCN or the U.S. Lapartment
 
of Interior lists, de-pite the fact they are
 
threatened with extinctijn according to Nimir and
 
Hakim (1979). IUCN data on listed mammals 
and
 
reptiles is given in Appendix VII.
 

Wilson (1980) provides a recent and valuable
 
review of the distribution and status of larger

mammals in northern Darfur Province. This region
 
covers some 250,000 sq km and includes habitats
 
ranging from desert to dry broadleaf deciduous
 
woodland. More 
than half of the area receives
 
less than 100 mm of rainfall per year, and about
 
90 percent receives less than 400 mm and may be
 
clssified as arid. As might be expected, the
 
r.sults of the review are not encouraging. Of the
 
31 species of larger mammals for which there are
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Table 3.27. Vertebrates Listed by the IUCN RED DATA BOOKS
 
and the U.S. Department of Interior
 

Scientific Name Common Name IUCN 


MAMMALS
 

Manis temminckii Scaly Anteater 

Equus asinus African Wild Ass X 

Acinonyx jubatus Cheeta X 

Dugong dugong Dugong 

Loxodonta africana African Elephant X 

Gazella leptoceros Slender-horned Gazelle X 

Addax nasomaculatus Addax x 
Oryx dammah Scimitar-horned Oryx X 
Alcelaphus buselaphus tora Tora Hartebeest X 
Panthera pardus Leopard X 

Cerathotherium simum
 

cottoni Northern White Rhinoceros X 

Diceros bicomis Black Rhinoceros X
 
Equus grevyi Grevy's Zebra 

Pan troglodytes Chimpanzee X
 
Lycaon pictus African Wild Dog X
 

BIRDS
 

Falco peregrinus Eurasian Peregrine Falcon 


REPTILES
 

Crocodylus niloticus Nile Crocodile V 

AMPHIBIANS
 

None
 

FISH
 

None
 

X a listed (status not given); V a vulnerable; T - threatened; 
E - endangered 

Status
 

U.S. Dept.
 
Interior
 

E
 
E
 
T
 
E
 
E
 
E
 

E
 
E
 

E
 

T
 

E
 

E
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definite records in northern Darfur, only six were
seen in an 
aerial 
survey in late
number 1976. A small
of others 
still 
su~vive.
Wilson (1980) the According to
status 
of four species
international are of
concern 
 because
extinction they
in northern are near
Darfur.
Scimitar-horned These 
are the
Oryx, Addax, Barbary
Addra Sheep,
or Dama and
Gazelle.

numbers of Addax and 

Of these only small
Dama Gazelle
still are certain
occur. to
Wilson 
 attributes
decline the drastic
in wildlife 
numbers,
their and restriction
ranges, as of

increasing much to -o1.,eetition
human with
and domestic 
livestock
as numbers,
to hunting pressures. 
 The estimited numbers of
livestock 
in the province 
are indeed staggering:
according to Watson (1977 In Wilson 1980) almost I
million 
cattle, 
 1.5 million 
sheep, 
1.2 million
goats, 226,000 camels, 150,000 donkeys, and 40,000
horses! 
 Large carnivors,
(1980), according
have suffered to Wilson
greatest 
 declines 
 as 
 a
result of systematic hunting during 
the 1940s and
early 1950s.
 

Data from Wilson's 
(1980) review are
Table summarized in
3.28. 
 During 
 the November 
 1976
survey of northern Darfur, only five 
aerial
 

seen, species were
Patas monkey (Erythrocebus
and three species atas), Jackel,
of Gazelle, 
including
(Gazella Dorcas
dorcas), 
Addra (Gazella dama),
fronted Gazelle. and Red
7,423 Dorcas, and 

The survey estimated 24 Addra,
3,492 Red-fronted Gazelle.
contrast to In
the very impoverished
Northern fauna
Darfur, of
18 species 
of
were seen in the 
large herbivores
 

more
Province during wooded southern 
Darfur
an aerial 
survey
approximately carried out at
the same time.
estimate of An average biomass
28 kilograms 
per square
Southern kilometer
Darfur in
Province 
is more
that of Northern Darfur than 28 times
Province.

there Unfortunately
are few 
early records
document animal that quantitatively
numbers 
 in Northern
Province. Darfur
Almost 
certainly, 
numbers 
there 
were
never very great, although prior to the 1950s when
human 
 presence 
 increased 
markedly, 
 populations
must have been far higher than today.
 
The prognosis 
 for wildlife
Province in Northern 
Darfur
is bleak, according

Continual to Wilson (1980).
human 
presence

animal and increasing
populations domestic
will 
 cause
reductions even further
to the low 
numbers 
of range
still surviving. species
Unless 
reserves 
are set 
aside
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Table 3.28. Status of Selected Large Mammals of Northern
 
Darfur Province
 

Lion 


Leopard 


Cheetah 


Spotted Hyaena 


Striped Hyaena 


Common Jackal 


Fennec Fox 


Ruppell's Fox 


African Hunting Dog 


Elephant 


Giraffe 


Greater Kudu 


West African Korrigum 


Red-fronted Gazelle 


Dorcas 


Addra 


Barbary Sheep 


Buffalo 


Lelwel Hartebeest 


Roan Antelope 


Fairly numerous as recently as 1940s.
 

Probably fairly common formerly;
 
isolated records to 1950.
 

Widely scattered records.
 

Still occur; no precise information.
 

Still occur; no precise information.
 

Probably occurs; no further
 
information.
 

Recorded; no further information.
 

Recorded; no further information.
 

Once widespread and common, scattered
 
records through 1930s, 1940s and
 
early 1950s.
 

Records confusing; no records in last
 
3-4 decades.
 

A few records in 1940s and in 1950.
 

Scattered records.
 

Scarce; reported at least to 1951.
 

Still fairly common.
 

Still fairly common.
 

Formerly widespread; now very rare.
 

Fairly common in 1900; scattered
 
records; rare.
 

One record 1945.
 

"Great Numbers" (1947); now?
 

Fair number probably.
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Table 3.28 continued
 

Scimitar-horned Oryz Now threatened or extinct. 

Addax Now threatened. 

Waterbuck Occurs in western Darfur (Wilson 
1979). 

Bushbuck No definite records but possible (See 
Wilson 1980). 

Hippopotamus No definite records but possible (See 
Wilson 1980). 

Oribi No definite records but possible (See 
Wilson 1980). 

Warthog Certainly present formerly. No 
recent records. 

Grimm's Duiker Certainly present formerly. No 
recent records. 

Baboons One reference to 200 in 1938; 
probably formerly common and 
widespread. 

Patas Monkey Few re'erences in literature; 
formerly probably common. 

Aardvark One record (Shaw 1936 in Wilson 
1980). 

Porcupine One record (Shaw 1936 in Wilson 
1980). 

White Rhinoceros No modern records but probably 
occurred. Excavated bones indicate 
presence within Recent Period. 

Nubian Ass No modern records but probably 
occurred. Excavated bones indicate 
presence within Recent Period. 

Source: Wilson. 1980. 
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and adequately protected both from hunting and
 
from encroachment by domestic livestock and human
 
interference (an unlikely event), there will
 
probably be no large range wildlife in Northern
 
Darfur Province by the end of the century. In
 
fact, Wilson believes that with the exception of a
 
few especially favorable areas such as the Jebel
 
Marra uplands (for Kudu) and the catchment of the
 
Wadi Howar (for a few gazelle), wildlife will not
 
even last that long.
 

The status and distribution of wild mammals in
 
Southern Darfur Province were reviewed by Wilson
 
in 1979. Compared to Northern Darfur Province,
 
this province is smaller (160,000 sq km), and
 
somewhat less arid (400-900 nun). The results of
 
the review, which included on-site investigations,
 
are similar to those found in Northern Darfur
 
Province. Of the 49 large mammals discussed, most
 
have undergone a severe reduction in numbers and
 
have suffered severe contractions in range during
 
the last 75 years. However, only a few species
 
that were previously in the province have become
 
extinct. As in Northern Darfur, the decline is
 
attributed to the indirect effect of man and his
 
domestic animals causing habitat destruction. The
 
only major exceptions to this are the elephant and
 
giraffe which have suffered from poaching and
 
traditional hunting respectively, and the large
 
carnivores which were systematically exterminated
 
as a means of protecting livestock. Wilson
 
summarizes by stating that because of the
 
continuing influence of large numbers of domestic
 
animals, further reductions in the numbers and
 
range of wildlife can be expected.
 

The only other province in Sudan for which
 
information on the mammalian fauna is available is
 
Khartoum Province. Happold's (1967a) work on this
 
province is now somewhat out of date, although
 
there are few other publications on mammals of
 
Khartoum Province. All species reported by
 
Happold were definitely reported during the period 
1963-1966 and it is significant that there is only 
one large species, the Dorcas Gazelle. All other 
species are bats, rodents such as rats and mice, 
and small carnivors such as foxes, weasels and 
mongooses. These are species that would be 
expected to coexist with man, or at least be 
tolerant of him. The gazelle, the only species 
that requires significant open and undisturbed 
areas, was considered to be "very rare" (Happold 
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1967a). Increased human population, shooting, and
 
degraded habitat are the factors listed as
 
contributing to their decline. According to
 
Happold (lq67a) a few gazelle still occurred in
 
the western pavt of the province.
 

Information is not available on the status and
 
distribution of mammals in other Sudanese
 
provinces, although results of these three reviews
 
suggested that serious declines in population of
 
larger mammals are likely over much of Sudan.
 
Data to be discussed under National Parks (Section
 
3.5.6) may suggest that more larger mammals
 
survive in southern Sudan than in the northern
 
region.
 

3.5.3 Birds
 

There is a considerable body of literature on
 
birds of Sudan, and of regions adjacent to Sudan.
 
Early works on Sudan birds include the following:
 
Note on a collection of birds from the Sudan
 
(Phillips 1913), A List of the birds of the Anglo-

Egyptian Sudan (Sclater and Praed 1919-1928), and
 
Catalogue of Sudan Birds (Bowen 1926). Recent
 
works include Macdonald and Cave (1948) and Cave
 
and Macdonald (1955). The latter titled Birds of
 
Sudan, is the most exhaustive to date on Sudan
 
birds. Publications useful in portions of Sudan
 
include, those of Shelly (1872), Jackson and
 
Sclater (1938), Etchecopar and Hue (1967), Urban
 
and Brown (1971) and Williams and Arlott (1981).
 
Continent-wide volumes that include relevant
 
information on birds in Sudan include Bannerman
 
(1930-1951), Hall and Moreau (1970), MacWorth-

Praed and Grant (1950-1970), Moreau (1966) and
 
Snow (1978).
 

The U.S. Department of Interior (1980) lists only
 
one endangered species in Sudan, the Eurasian
 
Peregrine Falcon (Falco peregrinus peregrinus).
 
No Sudanese species are listed by the IUCN Red
 
Data Book (1969) on birds although information
 
from the updated 1979 edition was not available.
 
As in many partsi of the world larger species such
 
as waterfowl, waders, raptors and game species are
 
often sensitive to human pressures and should be
 
monitored closely. No recent information on any
 
of these groups, or others such as Ostrich
 
(Struthio camelus), bustards (Otididae), or
 
hornbills (Bucerotidae) was available.
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3.5.4 Reptiles and Amphibians
 

The Nile Crocodile (Crocodylus niloticus) is the
 
only species listed by the IUCN Red Data Book
 
(1975). It is classified as vulnerable. No
 
Sudanese reptiles or amphibians are listed by the
 
U.S. Department of Interior's 1980 list. Relevant
 
information on the status and distribution of the
 
Nile Crocodile can be found in Appendix VII.
 

3.5.5 Fish and Invertebrate Fauna
 

No fish that occur in Sudan are listed by the IUCN
 
Red Data Book (1969) or the U.S. Department of
 
Interior (1980), although information in the Red
 
Data Book is rather out-of-date. It is also
 
likely that because of the large extent of the
 
Nile River watershed drainage system in Sudan, the
 
status and distribution of Sudan's ichthyofauna is
 
still incompletely surveyed. The effects of
 
increased human and domestic livestock populations
 
on fish in Sudan is unknown.
 

The World Wildlife Fund (Oryx 1973; p. 161-162)
 
has begun an urgent compaign in an attempt to
 
divert sportsmen and fishermen from activities
 
that damage the coral reefs, ranging from
 
mechanized spear-fishing to underwater
 
photography. The Cambridge Starfish Research
 
Group has described the damage that is being done
 
in the Red Sea, and especially by tourist divers
 
based at Port Sudan. According to Oryx (1973; p.
 
162) ....
 

"Fish are killed purely for fun, with enormous
 
wastage, and the reefs denuded. They point, too,
 
to some serious but not immediately obvious
 
effects, as for example the ignorant killing of
 
the inedible (because poisonous) puffer fish
 
Arothron hispidus. Quite tame and so an easy
 
prey, the puffer fish is however an important
 
member of the reef community in that it is a
 
predator of the invasive and destructive crown-of
thorns starfish Acanthaster planci, which has
 
killed off large coral reefs in many parts of the
 
world, including the Red Sea. By destroying this
 
predator spear-fishing is contributing to the
 
destruction of the coral. Shell and coral
 
collecting for souvenirs are also damaging--the
 
Group's report describes 37 coral colonies seen
 
d&ying on the Red Sea Hotel veranda in Port Sudan;
 
collected by nine sport divers they represented
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10-20 years of growth. The Group urges the Sudan
 
Government to ban all these activities in the
 
Sudanese Red Sea. As in the Seychelles, where the
 
Government has done this, the result could be a
 
positive encouragement to tourism. It might at
 
least ensure that the coral reefs and their fish
 
were still there for the tourists of the future
 
who are certain to come in increasing numbers."
 

Because of its economic importance and long
 
association with civilization, the Nile River and
 
its fish and invertebrate fauna have been the
 
subject of considerable investigation. The most
 
important modern ecological document is the
 
Jonglei Investigation Team Report of 1954 (Anon.
 
1954). This study reported on the probable impact
 
of the Equatorial Nile Project on the ecology of
 
the Upper Nile swaips. Other studies that treat
 
fish, invertebrates or plankton in Sudan include:
 
Cloudsley-Thompson (1964), Mahdi (1973), Green et
 
al. (1979) and Beshir and El-Moghraby (1980).
 
Most are of a technical or highly specialized
 
nature and do not contribute information that is
 
readily useful to this environmental profile.
 

3.5.6 National Parks and Existing Legislation
 

Sudan today has three national parks and fifteen
 
game reserves (Cloudsley-Thompson 1973; see
 
Appendix VII). There are also a number of
 
sanctuaries and forest reserves where hunting is
 
prohibited. Unfortunately, present legislation on
 
wildlife and national parks in the Sudan is not
 
adequate to preserve what remains. The Wild
 
Animal Ordinance of 1935, amended in 1971, is the
 
basic legislation under which the wildlife
 
administration operates. This ordinance provides
 
that national parks, game sanctuaries and game
 
preserves may be set aside, and prohibits hunting
 
in national parks and game sanctuaries. Hunting
 
is permitted in game reserves by special permit
 
from the Director of Wildlife Administration.
 

Conservation in all protected areas in Sudan is
 
unsatisfactory, and enforcement of game laws is
 
inadequate. Some game reserves and sanctuaries
 
are no longer worthy of their name because all
 
game animals have disappeared from them and their
 
natural habitat has been destroyed (Nimir and
 
Kahim .979).
 

A nsw wildlife and national parks legislation was
 
drafted in 1974 but has not yet become law. This
 
proposed ordinance would establish better
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guidelines for parks and protected areas. It
 
would also permit a new national park to be
 
established in the Radon area of Southern Darfur.
 
Unfortunately, it does not improve the situation
 
of game reserves and sanctuaries.
 

The Wildlife Administration is the governmental
 
body that oversees the management of w~ldlife and
 
parks, and enforcement of the Wild Animals
 
Ordinance of 1935. It is primarily a licensing
 
and policing body. Little progress has been made
 
tordard organizing the wildlife department as a
 
technical, natural-resource-conserving body
 
concerned with management of habitats and animal
 
populations (Nimir and Hakim 1979).
 

The Wildlife Administration currently has 80 game
 
officers and inspectors; few have scientific
 
training in game management. There are also 214
 
game scouts in the Wildlife Administration. All
 
have had military training and some introduction
 
to the Wildlife Animal Ordinance; none have had
 
formal scientific training. According to Nimir
 
and Hakim (1979) the Wildlife Administration lacks
 
adequate transportation and equipment to perform
 
its function.
 

3.5.7 	Conservation Status of Game Reserves and Game
 
Sanctuaries
 

The status of the game reserves in Sudan is
 
uncertain. Information was available on three
 
reserves in northern Sudan, the Rahad Game
 
Reserve, Sabloka Game Reserve, and Tokar Game
 
Reserve (Nimir and Hakim 1979). The Rahad Game
 
Reserve has been extensively settled by humans;
 
its trees have been cut and it is believed that
 
most of its wild animals have disappeared.
 

The Sabloka Game Reserve was established primarily
 
for the protection of wild sheep (Ammotragus
 
lervia) but it is believed none exist there now.
 
Tokar Game Reserve is reported to be deteriorating
 
but little informaion was given by l.,mir and Hakim
 
(1979).
 

Problems in the game reserves stem from many
 
sources, but most can be traced to a lack of funds
 
and poor administration. There is no patrolling
 
system to guard the game reserves, and because of
 
vast distances, poor roads, and lack of transport,
 
attempts to survey or patrol are impossible. Some
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game reserves have not been visited by any
 
representative of the Wildlife Administration
 
during the last five years (Nimir and Hakim 1979).
 

The status of game protection in game sanctuaries
 
is little better than for the reserves. There are
 
no protective measures, signs are not maintained
 
and there is much evidence of deterioration of the
 
environment. Serious damage is reported in the
 
Erkowit Sanctuary, Sinkat-Erkowit Road Sanctuary,
 
and Omdurman Gordon's Tree Sanctuary. Desert
 
regions of Northern Kordofan and Northern Darfur
 
still contain some wildlife; for example the
 
Dorcas Gazelle and ostrich occur in small numbers
 
throughout the region, and the Red-fronted Dama
 
Gazelle is presei..t in many localities. The
 
presence of Barbary Sheep is now very local.
 

In the Red Sea Hills the Nubian Ibey is found in
 
many localities. Dorcas Gazelle and ostrich are
 
scattered &7ong the Red Sea coastal plains (Nimir
 
and Hakim 1979). Large numbers of Dorcas Gazelle
 
are also still reported in areas from the
 
extensive deserts west of Omdurman through the
 
north to the Nile Province's southern boundaries.
 
Jebel el-Dair, south of el-Rahad in Northern
 
Kordofan, has a good population of Greater Kudu,
 
but this population is subject to poaching and the
 
habitat is deteriorating as a result of tree
 
cutting and pasture burning.
 

3.5.8 Problems in Sudan's National Parks
 

Dinder National Park covers 7,120 sq km (2,750 sq
 
miles) and lies 406 km (315 miles) south-east from
 
Khartoum, near the Ethiopian border in Blue Nile
 
Province. Its fine assemblage of game includes
 
elephant (during the rains), hippopotamus,
 
giraffe, buffalo, roan antelope, waterbuck, tiang,
 
greater kudu, red-fronted and Soemmering's
 
gazelle, reedbuck, bushbuck, oribi, duiker, Salt's
 
dikdik, warthog, bush pig, lion, leopard, cheetah,
 
hyaena, wild dog, grivet and red hussar monkeys,
 
and baboon. The Ftatus of tora and lelwel
 
hartebeest is uncertain. It has been decided not
 
to reintroduce hippopotamus as poachers would be
 
the only gainers (Cloudsley-Thompson 1973).
 

Dinder National is the only national park in
 
northern Sudan. In terms of economic, aesthetic
 
and scientific value it holds great potential.
 
Unfortunately, during the wet season many animals
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migrate to wet-season ranges outside of the park.
 
Currently, the expansion of unlicensed agriculture
 
into areas adjacent to the park has created
 
problems in wildlife management. A 400,000 ha
 
farm north of Jebel el-Gerri is expected to have
 
serious impact on the animals because it is
 
diminishing the area of wet-season habitat (Nimir

and Hakim 1979).
 

Nimir and Hakim (1979) maintain that during th!
 
last six years upon which they report, there has
 
been a significant decline in the population of
 
Tiang (Dam liscus korrigum) and waterbuck (Kobus
 
defassa), amounting to 60 percent and 25 percent
 
respectively. They claim the declines are due to
 
mechanized agriculture on wet-season ranges, and
 
livestock trespassing into the park during the dry
 
season. In addition, the food competition between
 
livestock and wildlife and trespassing in the park
 
has caused outbreaks of rinderpest (1972) and
 
anthrax (1974) among the wild animals (Nimir and
 
Hakim 1979). In addition, stage two construction
 
of the Rahad Canal to transport water from the
 
Roseires Dam to the Rahad River is expected to
 
block the migration route of the Dinder Park
 
animals. The Sudan government has been advised of
 
this problem.
 

Southern National Park, coversing 16,835 sq km
 
(6,500 sq miles) in Bahrel-Ghazal Province,
 
comprises mainly wooded country and the animals
 
include elephant, white rhinoceros, hippopotamus,
 
giraffe, buffalo, giant eland, roan antelope,
 
waterbuck, tiang, lelwel hartebeest, reedbuck,
 
bushbuck, oribi, duiker, warthog, lion, leopard,
 
serval, hyaena and wild dog (Cloudsley-Thompson
 
1973). No additional data is available on
 
development in this park.
 

The following account of Sudan National Parks is
 
taken from Cloudsley-Thompson (1973). Some
 
additional information can be found in Appendix
 
VII.
 

ONimule National Park, 260 sq km (100 sq miles) on
 
the Uganda frontier in Equatoria Province, is
 
famous for its enormous herds of elephant. White
 
rhinoceros, hippopotamus, buffalo, Uganda kob, and
 
waterbuck are very common. Smaller species, such
 
as bushbuck, lelwel hartebeest, oribi, duiker,
 
warthog, hyrax, and baboon, are less plentiful,
 
but the aggregation of bigger game is remarkable.
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This superb park lies in an ideal setting between
 
mountains on the west and the Nile, with the Fula
 
Rapids, on the east, where, for a distance of
 
nearly a kilometre, the great river hurls itself
 
through a gap not more than 30 metres wide. Since
 
1961, owing to the rebellion in the south, Nimule
 
has not been accessible to visitors. The game
 
scouts were withdrawn two years later, after which
 
the park had no supervision. According to
 
unconfirmed reports, however, the rebels did not
 
greatly interfere with the game; indeed, the army
 
is likely to have been a far greater menace in
 
this respect. On the other hand, there was no
 
control of poachers from Uganda, although these
 
may have been deterred by the danger of operating
 
so close to the scene of armed conflict.
 

The Southern National Park is even more remote
 
than Nimule. It has only a skeleton staff and has
 
not been developed in any way. Nearly all the
 
efforts of the Ministry of Animal Resources and of
 
the Tourist Department are being directed towards
 
Dinder National Park. When my wife and I first
 
went there in 1961 the only ,ther name in the
 
visitors' book was that of Professor K.N.G. McLeay
 
who had been in 1959. By contrast, in 1971, 265
 
visitors used the park accommodation. There are
 
even plans to build an hotel at Galegu, just
 
inside the northern boundary of the park, but
 
these will probably not be realised in the near
 
future. At present, accommodation for visitors is
 
limited to some well constructed straw huts with
 
electric light; meals are served in a pleasant
 
dining room, and showers have been installed and
 
latrines dug. An airstrip permits a twice-weekly
 
schedule by Sudan Airways, and there is an
 
excellent rest camp at Guweisi, where the railway
 
crosses the Dinder river, 155 km (96 miles) north.
 

Dinder is completely inaccessible during the rains
 
and the park is open to visitors and staff for
 
only four or five months of the year. Poaching is
 
consequently a great problem. In 1970, several
 
waterholes were poisoned by local poachers-
possibly as a protest against the Government
 
decision to abandon the Rahad canal scheme which,
 
they hoped, would bring wealth--and many animals
 
died. The project to build a canal from the
 
Roseires dam on the Blue Nile to the Raha river,
 
which would cut the game migration routes between
 
dry season and wet season ranges, and could be
 
disastrous, was opposed by both the Game
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Department and Sudanese members of the Department 
of Zoology in Khartoum University. A new pumping 
plant at es-Suki, further north on the Blue Nile, 
was started this year. The future of the park
 
must inevitably remain in jeopardy while an
 
economically hard pressed government invariably

gives priority to irrigation schemes without
 
considering the long-term interests of the
 
country.
 

In an article on the future of wildlife in the
 
Sudan in Oryx, December 1966, Dr. D.C.D. Happold
 
outlined some of the .iany problems facing the 
staff of the Gaine Department, but he did not give 
credit for what these sorely pressed officers have
 
actually managed to achieve, despite lack of
 
goverunent support. Nor did he mention that what
 
makes Dinder outstanding amoung the national parks
 
of eastern Africa is not so much the rich fauna as
 
the wealth and beauty of the forests, where chalky
 
white Acacia fistula arc interspersed with the red
 
ochre of eyal, with groves of dom palms, wild
 
fig traes alive with grivet monkeys or baboons,
 
and guinea fowl calling all round."
 

3.5.9 Future of Sudan's Wildlife
 

The following summary is taken from Cloudsley-

Thompson (1973).
 

"Outside the parks and reserves, the traveler does
 
not see much wildlife in the Sudan, apart from the
 
occasional monkey, gazelle, waterbuck (whose meat
 
is said not to be good eating) and ostrich; that
 
is, unless he makes a special effort to go to the
 
best places. Except for hunters, few peo '.e
 
bother to do so since game can normally be seen so
 
much more easily inside the parks, especially
 
Dinder.
 

The entent to which the game of the Sudan has been
 
destroyed during the last century is amply
 
documented, the result of human activities which
 
are likewise responsible for an extremely rapid
 
expansion of desert. Bird life is still
 
surprisingly rich, although a sharp decline in the
 
numbers of cattle egrets of recent years may be
 
associated with the increased use of insecticides,
 
especially in the Gezira. In general, however,
 
agricultural development seems to be less harmful
 
to birds than to mammals (other than rodents) and
 
the construction of reservoirs is beneficial to
 
aquatic species such as pulicans.
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The future of Sudan's wildlife depends on how long
 
it takes to build up a profitable tourist trade.
 
This, in turn, depends on the establishment of
 
stable government, the relaxation of immigration
 
formalities, competitive costs and the provision

of facilities. These objectives will probably

take many years to achieve.
 

The national parks and game reserves of the Sudan
 
are still relatively inaccessible. They preserve
 
a wild aspect and the game is not unnaturally
 
tame. They cannot hope ever to compete for the
 
massive tourist trade of East Africa. But they
 
have a potential appeal to the more adventurous
 
traveller who is prepared to stand considerable
 
discomfort and innumerable frustrations to see a
 
part of Africa that is, as yet, little affected by
 
modern civilisation."
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4.0 Major Environmental Problems
 

4.1 Desertification
 

Desertification is one of Sudan's most pressing problems.
 
The debate still continues on whether desertification is
 
primarily a natural phenomenon or caused by man. There
 
is, however, general agreement that man's activities have
 
some impact, even if just to aggravate the problem. At
 
any rate, the desert has shifted southward at a rate of
 
five to ten km per year in Sudan, as indicated by shifts
 
in vegetation belts. The shift can be well illustrated
 
in the area of Wadi el-Milk in northern Kordofan.
 
Research in 1958 showed that the boundary between the
 
desert and the Acacia mellifera-Commiphora scrub occurred
 
where the wadi turned to the northeast near el-Ain. By
 
1976, Wadi el-Milk left the scrub zone 110 km south of
 
the el-Ain escarpment (Sudan 1976).
 

According to U.S. AID (1981a), substantial agricultural
 
land is being lost. Sheet and gully erosion are
 
widespread, and approximately 240,000 ha in northern
 
Sudan are affected by salinity problems. About 1.2
 
million ha of land are cleared annually; 800,000 ha for
 
mechanized crop production and 400,000 ha for traditional
 
agricultural and forest products. Current rainfed
 
mechanized agricultural techniques generally require land
 
abandonment after five years, while only within forest
 
reserves (0.5% of total land area) are good forest
 
practices observed. Overgrazing is common and 500,000 to
 
800,000 sq km are burned each year, removing about 300
 
million tons of foliage; nomadic tribes annually uproot
 
millions of acacia trees for firewood. Such pervasive
 
deforestation has caused substantial erosion and reduced
 
water retention capability along many water courses in
 
central Sudan.
 

Desertification is the environmental problem receiving
 
the most attention from the Sudanese National Research
 
Council's Committee for the Environment. The problem has
 
been under study for several years, and a Program of
 
Desert Encroachment Control and Rehabilitation (DECARP)
 
was prepared in 1976 by a team of specialists from the
 
Ministry of Agriculture's General Administraticn for
 
Natural Resources and from the National Council for
 
Research working in collaboration with the United Nations
 
Environment Program and the Food and Agriculture
 
Organization. This study (Sudan 1976) contains a
 
detailed discussion of factors behind desertification as
 
well as the phenomenon's impact, and is followed here.
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4.1.1 Factors Behind Desertification
 

The major destructive features of human activities
 
leading to noticeable change in aridity and desert
 
areas are: overgrazing; over and irrational
 
cultivation; wood cutting and deforestation;
 
uprooting shrubs; lowering of the water table due
 
to increased water use; and burning of grasslands,
 
forests and scrub. Observations show that damage
 
is steadily increasng, which is not surprising in
 
view of the present practice of land use ir the
 
Sudan. There is generally no regional integration
 
between pastoral and agricultural activities and
 
the same area could be used for both purposes.
Some nomadic tribes are involved in cultivation, 
some cultivators in pastoralism, and all are
 
competing for resources. Some major areas of land
 
misuse are noted in Figure 4.1.
 

Cultivation in marginal areas during periods of
 
higher than normal rainfall is especially
 
dangerous and perhaps the main cause of
 
desertification. When dry years follow a wet
 
year, ploughed soil or soil from which the sparse
 
cover of natural plants has been eliminated by
 
cultivation is subject to wind and water erosion.
 
The fine clays and silts are carried away as dust,
 
and sand drifts into dunes.
 

This desertification in situ from intensive
 
agricultural activities -nat rapidly exhaust soil
 
fertility and binding properties is the real
 
danger on the fringes of the desert, not the
 
southward advance of sands.
 

Systems of cultivation may also contribute to 
desertification. For example, in the past, Acacia 
senegal gum gardens formed parts of extensive 
areas over which there was a well defined 
rotational cultivation - bush fallow system. The 
cycle was started by cleaning a gum garden in 
order to grow crops like millet, sesame, 
groundnuts, hemp and melons. The older gum trees 
were cut down to kill the stumps, but younger 
trees and seedlings were pruned back close to the 
ground so as to keep them alive throughout the 4-6 
years of cultivation. The resulting coppice 
shoots were cut back during weeding operations,
 
but new growth continued even during the early
 
months of the dry season.
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LAND MISUSE IN SUDAN 

1 	 Overstocking on semiarid grazing by camel owning 
tribes.
 

2 Overcultivation on Gedaref Ridge and vicinity.
 

3 Overcultivation and overgrazing of Blue and White
 
Nile Riverain zones.
 

4 Overcultivation and local overgrazing of central
 
sand zone, El Fasher region and Dar Masalit.
 

5 Eroded upland and pediment soils of Nuba Mountains.
 

6 Grazing losses by fire on tribal lands of Hawazma and
 
Aulad Himeid.
 

7 Overstocking and grazing losses by fire in Beqqara
 
and Raqaba Catena. 

8 	 Overstocking of riverain zone of Bahr el Arab.
 

9 	 Overstocking and overcultivation on "high" land of 
Nilotes. 

10 	 Erosion and degradation of high savanna by overcultivation
 
and fire in the Green Belt, Western Equatoria Province.
 

Country Boundary
 

Original Province Boundaries
 

Railway
 

_Rivers
 

Non-Perennial Rivers
 

0 	 Towns 

........... 	 Limits Low Woodland - Savanna
 

Scale: 1 	: 8,000,000
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This went on throughout the crop cultivation
 
cycle, after which the land was left to revert to
 
bush fallow. The new gum gardens, attaining their
 
maximum yield in 7-10 years, were cleared again
 
for cultivation after 10-15 years. However, with
 
the increase in population, the rotation periods
 
have become shorter in order to meet increased
 
demand and to provide more income from exportable
 
cash crops. Such crops are given preference to
 
gum gardens as they take less time to produce and,
 
in years of good rain, give more income per unit
 
area than that anticipated from gum gardens.
 
Hence, over--cutting of gum trees for cultivation
 
and firewood and overcultivation has caused
 
deterioration of the vegetation cover followed by
 
sand movement, soil deterioration and desert.
 

The normal system of cultivation includes one or
 
more years of fallow which contributes to
 
overcultivation by expanding the area ploughed.
 
Worse, however, is the trend towards year after
 
year cultivation which provides no environmental
 
protection at all.
 

Overpopulation and overcultivation also cause the
 
lowering of water tables which is a critical
 
factor in desert encroachment in the Sudan. This
 
situation can come about through the pumping of
 
ground water for drinking or irrigation purposes
 
or the dermning or diversion of water courses. The
 
indiscriminate and unregulated installation of a
 
large number of tube wells throughout the Sahel
 
region is triggering an advancement of the desert
 
onto agricultural lands. Better planned water
 
development programs are required so that
 
agricultural field improvements through irrigation
 
are not offset by land losses to advancing sand.
 

The cutting of wood by pastoralists and 
cultivators aleo is a major cause of desert 
encroachment in the Sudan. Vegetation is 
harvested for feed, to build homes and enclosures 
for animals, and for fuel. With brush or tree 
cover eliminated, the micro-climate is invariably 
more arid, the dry season more accentuated, and 
there is a probable - but not yet demonstrated 
reduction in total rainfall. Nomads alone may 
uproot at least 548 million acacia shrubs annually 
for cooking (Sudan 1977). 

While some overgrazing has undoubtedly occurred in
 
the Sudan for centuries, it has only become
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widescale and acute during the past few dezades
 
(Table 4.1).
 

In Kordofan, the livestock population increased
 
nearly four-fold from 1957 to 1966 and there have
 
been further increases since. This rapid increase
 
in livestock numbers has broken down 
the dynamic
 
equilibrium that once existed between livestock
 
and the natural grazing resources. This leads to
 
rapid devegetation, removal of soil cover, and
 
increased wind and erosion with
water consequent
 
reduction in human and livestock carrying capacity

of the land. In one area surveyed, the actual
 
stocking rate during certain seasons reached eight

times the estimated carrying capacity of the range
 
(Table 4.2).
 

Fire is also an influential factor causing

desertification in the Sudan. In addition 
to
 
destroying potential fire
forage, induces
 
remarkable changes in the botanical composition of
 
the predominent vegetation formations and
 
individual plant communities. Desirable perennial
 
grasses which are susceptible to repeated burning
 
are being replaced by less desirable fire
resistant annual species. As a result, 60 percent

of the floristic composition is already annual, 
a
 
manifestation of desertification. In many cases,

burning is intentional with the idea that it
 
increases grass palatability. In others, it is
 
accidental and is usually associated with clearing

land for cultivation by the use of fire, which
 
often escapes (Table 4.3).
 

4.1.2 Effects of Desertification
 

Food production has declined and is declining on
 
the cultivated lands within the Programme Area
 
(mainly northern Darfur and northern Kordofan)
 
because of soil deterioration associated with
 
desertification. 
 Data in Table 4.4 indicate that
 
the acreage needed to produce 73,000 tons of
 
groundnuts in 1978 
was almost five times larger

than in 1961. Also, the decrease of sesame
 
production was approximately in the proportion of
 
20 to 1 during the same period. In terms of
 
productivity, sesame producers have lost during

twelve years 19 feddans out of 20, and groundnut
 
producers have lost four feddans out of five.
 

Dura (sorghum) production has declined from 424
 
kg/feddan in 1961 to 191 kg/feddan in 1973 
(Table

4.5). Maize and dukhn (millet) yields have
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Table 4.1. Number of Livestock in the Sudan for Selected Years
 

Type 1924 1964 1974 

Cattle 1,500,000 10,000,000 12,897,720 
Camels 418,000 2,000,000 3,090,O00 
Sheep 1,966,800 10,000,00 11,484,000 
Goats 1,840,000 7,000,000 8,794,000 

Source: Khogali. 1979. 

Table 4.2. Sustained-Yield Carrying Capacity and the Number of 

Livestock at Areas of Animal Concentration at Dar Rezeigat, 1975
 

Livestock units at Observed live-
Season sustained pro- stock units 

duction level 

July and 
October/November 180,000 1,440,000 
August-October 180,000 640,000 
December 180,000 600,000 
January 209,000 600,000 
February-June 209,000 280,000 

Source: Khogali. 1979.
 

120
 



Table 4.3. Estimates of Total Dry Forage Removed from Range Due to Seasonal Burning
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Table 4.4. Groundnut and Sesame Production
 
of the Kordofan Province 1961/73
 

Groundnuts Sesame
 

Total Total
 
area Total Av. yield area Total Av. yield
 

cropped production (m.tons/ cropped production (m. tons/
 
Year (feddans) (m. tons) feddan) (feddans) (m.tons) feddan)
 

1961 184,000 73,000 0.400 112,000 38,000 0.339 

1964 200,000 59,777 0.297 299,200 30,719 0.102 

1967 211,200 45,657 0.216 362,000 31,560 0.083 

1970 300,000 69,728 0.232 450,000 43,268 0.097 

1973 810,000 73,690 0.090 778,940 14,722 0.019
 

Source: Sudan. 1976.
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Table 4.5 Area, Production, and Average yield of Crops In Kordolan Province, 1961/73 

Year 

Total area 
cropped 
(feddans) 

Dura (Sorghum) 
Total 

production 
a. tons 

AV. yield 
kg/feddan 

Total area 
cropped 

(feddans) 

Dughon (Millet) 
Total 

production 
m. tons 

Av. yield 
kg/feddan 

Total area 
cropped 
(feddans) 

Raize 
Total 

production 
m. tons 

Av. yield 
kg/feddan 

1961 508,700 215,800 424 192,200 104,000 542 

1962 418,000 158,000 378 302,000 12,000 401 

1963 481,000 171,000 356 175,000 41,000 234 3,000 1,000 333 

1964 529,000 184,000 348 449,000 81,000 180 2,000 1,000 500 

1965 486,000 158.000 325 451.0c0 115,000 255 4,000 1,000 250 

1966 502,000 153,000 305 453.000 93,000 205 4,000 1,000 250 

1967 389,000 82,000 211 433,000 81,000 167 15,000 4,000 267 

1968 468,000 145,000 310 509,000 93,000 183 14,000 4,000 286 

!969 484,000 113,000 233 506,000 70,000 138 15,000 2.000 133 

1970 923,000 310,000 336 666,000 128,000 192 29,000 5,000 172 

1971 936,000 234,000 250 751.000 148,000 197 40,000 10,000 250 

1972 968,000 244,000 252 1,189,000 195,000 164 17,000 3,000 176 

1973 1,048,000 200,000 191 1,592,000 113,000 71 13,000 2,000 154 

Source: Sudan. 1976. 



declined from 333 kg and 542 kg to 154 kg and 71
 
kg/feddan respectively during the same period.
 
The reduction in yields was at a proportion of
 
about 8 to 1 during the twelve year period. Since
 
food crop production is so quickly decreasing, the
 
region is on the verge of disaster and there are
 
signs of progressive abandonment of agriculture in
 
many areas.
 

Meat and milk production is only a fraction of the
 
area's potential. While percent offt3ke is
 
slightly higher for sheep (about 15t), it is only
 
about 6 to 8 percent for cattle. Sudan has the
 
potential to be self sufficient in meat production
 
and at the same time supply other countries. Yet,
 
it is hardly meeting local and national demands.
 

Declininq Wood and Gum Production. In 1974,
 
extensive dying off of Commiphora africana
 
occurred in the Sodiri area. In most of the
 
Acacia tortilis - Commiphora belt there was a
 
selective death of Commiphora species and the belt
 
is gradually changing into a pure Acacia tortilis
 
zone2 characteristic of areas further north. Also,
 
in the area between Umm Bader and Mazrub, along
 
latitude 140N, extensive death of Acacia senegal
 
was observed. The northern limit of this species
 
appears to be shifting south over wide areas and
 
Acacia senegal is being replaced by Leptadenia
 
pyrotechnica, especially on relatively loose sandy
 
areas.
 

Sudan is the world's major producer of gum Arabic,
 
which is extracted from Acacia senegal. The
 
product amounts to about eight to nine percent of
 
the value of the country's total exports. The
 
death of these trees over large areas has not only
 
adversely affected Sudan's foreign exchange
 
balance, but has also reduced the supply for
 
worldwide use.
 

Sand Movement and Dunes. A reconnaissence team of
 
the National Council for Research and assisted by
 
the UNEP/UNESCO in November 1975 documented the 
advance of sand from the extensive Libyan desert 
and the Jebel Abyan plateau which is being blown
 
southward on a broad front by the steady northern
 
winds. The team reported that striking evidence
 
of the large-scale southward drift of sand is the
 
covering of the bed of the Wadi Howar by loose
 
sand over its, whole length. The area in the
 
immediate vicinity of the Wadi Howar, and the
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Wadi Howar itself has become sandy desert, except
 
where some of the old Acacia tortilis trees are
 
still standing.
 

In several Northern Kordofan areas, sand
 
encroachment has moved rapidly ahead of the
 
southern boundary of the desert and loose sand is
 
accumulating over the formerly consolidated sandy
 
clay soils. Shallow sand encroachment appears to
 
have killed all the vegetation as far south as
 
130N, except the trees Acacia tortilis and
 
Salanites aegyptiaca and a small number of dune
adapted shrubs.
 

The UNEP/UNESCO ecologist in describing desert
 
encroachment in the northern Nile Valley, stated:
 
"From about 50 km north of Khartoum, the Nile
 
flows through the arid zone and is surrounded by
 
almost total desert. A discontinuous narrow band
 
of irrigated alluvial soil along the Nile is
 
cultivated and is very productive. This alluvial
 
area includes the Kerma Depression, a former
 
depression, a former course of the river lying to
 
the north of Dongola and to the east of the Nile.
 
The surrounding desert areas are beyond all
 
reasonable hope of rehabilitation because of the
 
climate and the loss of top soil. The alluvial
 
strip along the river and in the nearby
 
depressions is being steadily reduced by the
 
encroachment of the drifting sand from the north
 
and the east. Settlement and agriculture are
 
limited by the extent of the alluvial soil, by the
 
capacity (and authority) to irrigate it from the
 
river, the capacity to irrigate from boreholes
 
and, finally, the extent of sand encroachment.
 
The latter limiting factor is becoming
 
increasingly serious."
 

The team noted that the whole length of the Nile 
between Dalgo and Karima, the greater part of the 
east-west loop, is subject to serious sand 
encroachment along the north-facing bank. Over 
long stretches, sand dunes have reached the river 
and have oblitorated cultivation and extensive 
settlement. In other areas, moving sand dunes are
 
in the process of covering agricultural land and
 
villages. The reconnaissance team visited the
 
Kerma Depression Land Reclamation Scheme where
 
large areas of agricultural land on alluvial soil
 
have been abandoned due to sand accumulation with
 
an average depth of only 7 cm.
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Wildlife. Wildlife, once abundant in desert and
 
semi-arid areas, is slowly vanishing because of
 
deterioration in the wildlife habitats and
 
continuous hunting. The above mentioned team
 
reported small herds of dorcas gazelle in the Wadi
 
Howar, but along the 220 km of the course of the
 
Wadi that were searched, no signs of oryx or addax
 
were seen. Also, no signs of oryx were seen in
 
the vicinity of Nukhoila and el-Atkon Oases or in
 
the desert to the west of them.
 

The Kababish and Camel Rezeiquat nomads stated
 
that the addax had not been seen in the vicinity
 
of the Wadi Howar for about 15 years. The oryx
 
were thought to be present in small numbers, but
 
the team found no one who had seen any since 1973.
 
It appears that many of the former wildlife
 
species are now extinct in the area and those that
 
remain are highly endangered.
 

4.2 Soil Salinization
 

El-Karouri (1979) has summarized salinization problems in
 
Sudan as follows here.
 

With the rapid expansion of irrigated agriculture, the
 
question of soil salinity is becoming more and more
 
urgent, not only for putting naturally salt-affected
 
lands under cultivation, but also for maintaining the
 
productivity of existing irrigated areas. At present,
 
the total area of irrigated land in the Sudan comprises
 
about 1.6 million ha but there are several new irrigation
 
projects under construction. These could increase the
 
total irrigated area to perhaps 4 million ha. Thus in
 
the near future problems of soil salinity are likely to
 
be encountered on a larger scale.
 

Work on soil salinity in the Gezira area may be traced
 
back to the turn of the century, when it was established
 
that there were potential salinity and alkalinity hazards
 
associated with the Gezira Scheme. Many workers
 
expressed concern about the possible deterioration of the
 
soils of the Gezira, the first and largest irrigation
 
enterprise in the Sudan, when it was put under
 
irrigation. Some advocated the installation of a sub
soil drainage system if the rapid deterioration of the
 
Gezira soils was to be avoided. This view was not
 
accepted by all because of the poor permeability of the
 
soil and the restricted lateral movement of water, which
 
are prerequisites for an efficient drainage system.
 
However, because of the high-quality irrigation water
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with its low salt content (less than 200 pp) and high 
Ca:Na ratio, as well as inclusion of long fallows in the 
rotation during which salts moving to the surface can be 
washed down by rains, in addition to growing salt
tolerant crops such as cotton, no visible signs of soil
 
deterioration have been observed In the Gezira Scheme.
 

Although no signs of soil deterioration were detected,
 
efforts were directed towards improving the inherent
 
properties of the Gezira soils, particularly soil
 
permeability. In the 1930s gypsum was used in reclaiming
 
Gezira sodic soils, but leaching following gypsum
 
application was insufficient to effect any profound
 
change in soil productivity. Attempts at using sodium
 
accumulators (Atriplex spp.) also failed to significantly
 
lower sodium levels in the soil, quite apart from its
 
depletion of plant nutrients, particularly nitrogen.
 

Unlike central Sudan and the Gezira area, the soils of
 
northern Sudan are affected to a greater degree by soil
 
salinity, particularly from Khartoum northwards along
 
both banks of the Nile. The area affected by salinity in
 
the Sudan can only be estimated, since few systematic
 
surveys have been made. However, the areas which are
 
potentially irrigable but where salinity is the main
 
limiting factor for its development cover more than
 
200,000 ha.
 

The soils of the two northern provinces are derived
 
laigely from the alluvial deposits of the Nile mixed with
 
some nonalluvial sands from the Nubian Sandstone. They
 
are divided into two main groups, soils of the Recent
 
Flood Plain and soils of the High Terraces. 'Soils of the
 
Recent Flood Plain, which are a mixture of entisols and
 
vertisols, include the Gerif and Gureir (local names) and
 
the basin soils.
 

The Gerif soils are distributed along both banks of the
 
Nile and contain high amounts of silt of fairly recent
 
origin. Crops are grown without irrigation, after
 
subsidence of the annual flood. The moisture-release
 
curve of these soils indicates that plants could utilize
 
most of the moisture in the profile.
 

The Gureir soils, which occur near the river bank and
 
adjacent to the Gerif soils, are subject to flooding by
 
moderately high flows. They are similar to Gerif soils
 
in many aspects, but have a finer texture. They are rich
 
free-working alluvial loams and, when irrigated, are one
 
of the most productive soils in the Sudan.
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The soils of the basins are alluvial deposits which vary
 
greatly in age and nature. It is believed that the
 
basins are the remains of former channels of the Nile.
 
They are flooded only at very high flood stages. Basin
 
soils are characterized by a high clay content, low
 
salinity, and occasionally by high sodicity.
 

Most of the soils of the Recent Flood Plain, particularly
 
the Gerif and Gureir soils, are fully exploited for
 
agricultural production, and any envisaged agricultural
 
development in the two northern provinces will depend
 
mainly on the utilization of High Terrace soils. Besides
 
some of the topographic and physical drawbacks, the main
 
factors limiting the development of High Terrace soils
 
are salinity and sodicity.
 

High Terrace soils occur on the landward side of the
 
Recent Flood Plain. They could be classed as aridisols
 
which have a weak structure and a texture which varies
 
from sandy loams to sandy clays. Table 4.6 demonstrates
 
considerable variation in salt content and composition,
 
not only between different sites but also with depth,
 
reflecting the diversity of parent materials within any
 
one profile. Electric conductivity (EC) and exchangeable
 
sodium percentage (ESP) values range between 0.2 and 49.5
 
mmhos/cm and between 1 and 100 respectively. Sodium is
 
by far the dominant cation, and the dominant anions are
 
chloride and sulphate. Therefore, the main salts are
 
generally sodium sulphate or sodium chloride.
 

Little information is available on the reclamation of
 
High Terrace soils. However, experience at the Gezira
 
and other work have revealed that fine-textured soils are
 
difficult to reclaim. On the other hand, it is expected
 
that light-textured High Terrace soils can be reclaimed
 
fairly easily. Preliminary investigations pertaining to 
the use of gypsum as an ameliorant on light-textured High 
Terrace soils have indicated its effectiveness in 
improving the permeability of these soils. Table 4.7 
compares EC and ESP from two sites of High Terrace soils, 
one from virgin land and the other from a plot cultivated 
and irrigated from a surface well. It shows the effect 
of irrigation on leaching the salts and reducing the 
level of exchangeable sodium. One cannot, however, 
overlook the importance of carrying out more intensified 
studies and pilot projects before embarking on large
scale project developments. 

Similarly the area south of Khartoum between the Blue and
 
the White Nile and extending as far south as the
 
northwest boundary of the Gezira Scheme is predominantly
 
saline and/or sodic. The total area is estimated at
 
81,000 ha. Due to salinity problems this area has never
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Table 4.6. Chemical Analyses of Saturation Extract in High Terrace Soils 

Sample Dept pH EC Soluble cations and aniord meq/I 

No. (cm) Pasa mmhos/
cm Na K Ca Mg C SO, HCO 3 

ESP 

0-30 8.0 0.8 7.7 0.1 0.9 0.6 3.9 3.0 1.4 11.0 
30-60 8.1 1.3 12.8 0.1 0.8 0.2 5.8 3.5 0.5 20.0 
60-90 8.1 5.4 63.5 0.4 4.0 2.3 52.0 12.0 4.1 34.0 
90-120 8.2 4.5 48,0 0.2 3.1 0.9 28.0 21.0 2.5 33.0 

2 0-30 7.6 18.5 56.0 1.6 156.0 12.0 57.0 150.0 1.1 7.2 
30-60 7.5 20.1 51.0 0.5 175.0 1.0 64.0 160.0 0.8 6.3 
60-90 7.5 10.6 42.0 0.2 68.0 4.0 40.0 75.0 1.0 8.4 
90-120 7.6 7.3 35.0 0.2 35.0 0.2 28.5 32.0 1.3 11.9 

3 0-30 8.1 0.9 15.0 0.3 2.8 0.7 0.7 8.6 2.2 14.0 
30-60 8.1 1.4 13.0 0.1 0.8 0.2 0.4 7.6 4.2 17.5 
60-90 7.9 5A 39.0 0.1 2.0 0.6 2.0 60.0 1.4 12.8 
90-120 7.5 17.6 80.0 0.3 9.0 82.0 95.0 95.0 1.2 11.9 

Source: el-Karouri. 1979. 

Table 4.7. EC and ESP of Virgin and Cultivated Plots 

EC mmhos/cm ESP 
soil 

depth 
(cm) Virgin Cultivated Virgin Cultivated 

0-30 27.0 3.0 62 2 
30-60 18.5 6.0 28 12 
60-90 5.9 3.5 12 10 

Source: el-Karouri. 1979. 

129
 



been utilized agriculturally in any form except for a
 
short-lived animal fattening scheme which was established
 
in an area of 4,000 ha. Low productivity of the land was
 
one of the factors that contributed to its failure. Soil
 
and land classification studies undertaken in the area
 
have confirmed that most of the soils are unsuitable for
 
development and that the two limitations of these soils
 
are salinity and sodicity. Four main soil types have
 
been identified.
 

Esailat Sodic Series. These constitute aoout 46 percent
 
of the surveyed area. The clay conternt is variable, 
ranging from 13 to 51 percent. The soil matrix is 
calcareous throughout. In the top layer salinity is 
light to moderate and electric conductivity ranges from
 
0.5 to 6 mmhos/cm. The subsoil is more affected by
 
salinity, and EC ranges from 4 to 30 mmhos/cm.
 
Similarly, ESP varies with depth and ranges from 8 to 71,
 
with the lower values being associated with the surface
 
horizons.
 

Eilafun Series. This is a brown clayey soil that forms
 
deep cracks when dry, and surface cracks are common but
 
often covered with a thick surface mulch. Clay content
 
varies from 25 to 61 percent. The occurrence of soluble
 
salts and exchangeable sodium is rather variable. EC
 
ranges from 0.5 to 17 mmhos/cm, and the ESP from 4 to 42.
 
Both EC and ESP are generally lower in the upper layers,
 
but are present in moderate to high amounts lower down.
 

Gureir Series. This has a loamy texture, with the clay
 
content ranging from 15 to 39 percent. Excess amounts of
 
exchangeable sodium are contained in the lower horizons.
 
Soluble salts content is low at the top of the profile
 
but is moderate to high at greater depths. EC ranges
 
from 1 to 16 mmhos/cm, and ESP from 15 to 43.
 

Bageir Series. This has a light texture, with a clay
 
content that ranges from 9 to 36 percent. Generally it
 
is non-saline but sodic. EC ranges from 0.5 to 6
 
mmhos/cm and ESP from 11 to 68. The lower values are
 
those of the surface horizons. The chemical analyses of
 
four profiles representative of the four soil types
 
(Table 4.8, a-d) show the magnitude of salinity and
 
sodicity in the area.
 

Recently the Ministry of Agriculture, Food, and Natural
 
Resources in the Sudan has recognized the need for
 
applied research in the field of soil salinity in order
 
to permit the development of the area south of Khartoum.
 
Thus the Soba Research Station for soil salinity studies
 
was established. The programme of work at this station
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Table 4.8. Chemical Analyses of Four Soil Types South of Khartoum 

A. Esailat Series 

* Exh Soluble sansMOWl OL extract 

E Na K Ca Mg Na K Ca Mg CS SO. HCO, CO3 

0-35 8.9 2.9 38 22 0.8 28 0.9 0.3 11.3 3.0 0.6 56.3 
35-90 8.5 5.1 50 22 0.9 61 4.0 0.9 16.4 2.0 0.4 43.1 
90-120 8.8 3.2 38 20 0.7 33 2.0 0.5 128 2.2 0.5 51.6 

B. Eilafun Series 

E Exch. cations 
2 cU u-

I--
Maqm 100 g Soluble ions mnegI sat. extract 

ESP 

E E Na K Ca Mg Na K C Mg CI SO. HCO, CO, 

0-5 
5--45 

8.6 
8.6 

0.6 
0.8 

54 
57 

8.0 
14.0 

1.2 
1.1 

7.4 
9.0 

0.4 
0.8 

0.4 
0.2 

1.1 
2.1 

2.5 
1.9 

1.0 
1.3 

15.6 
24.5 

45-65 8.3 6.7 56 16.0 1.0 75.4 14.2 7.1 24.0 0.8 0.5 28.2 
65-105 8.0 7.4 43 14.0 1.0 80.0 29.8 1.9 27.2 0.7 0.0 32.3 

105-135 8.0 5.8 43 12.8 0.9 61.0 9.4 4.9 24.7 0.6 0.5 30.0 

C. Gureir Series 

.E 
;g ., 

Exn. cations Soluble ions mq/l sat. extract 
ESP 

E E Na K Ca Mg Na K Ca Mg CI SO, HCO, CO) 

0-15 8.7 1.2 34 5.0 0.6 10.0 0.8 0.4 1.9 1.3 1.4 14.7 
15-35 8.3 16.3 34 13.5 0.4 1363 21.4 5.5 26.5 0.9 0.5 40.0 
35-60 8.5 8.2 35 15.0 0.3 87.2 9.6 2.9 72.8 0.5 0.6 43.0 
60-90 8.5 6.5 27 8.3 0.3 68.0 5.9 1.3 55.6 0.7 0.6 30.7 
90-120 8.7 3.4 14 4.3 0.2 33.0 1.6 1.6 30.0 0.6 0.6 30.7 

D. Bageir Series 
Exch. cations 

S-1Soluble ions megil sat.extract 

E E Na K Ca Mg Na K C Mg CI SO, HCO, CO, 

0-5 8.4 0.6 19 2.1 0.6 6.0 1.0 0.4 1.2 3.0 0.5 11.0 
5-20 9.0 1.4 43 24.0 0.9 14.0 1.3 0.3 3.4 4.0 1.2 56.0 

20-55' 8.6 5.7 36 24.3 0.8 71 2 3.3 0.4 8.6 2.4 0.X 67.5 
5&-95 8.7 2.8 29 19.0 0.5 28.0 1.6 0.8 7.0 2.0 0.9 65.5 

9.0 2.3 g 11.5 0.4 30.0 0.7 0.3 5.9 75 1.3 129.0 

Source: el-Karouri. 1978. 

131 



covers a wide range of research pertaining to the field
 
of saline and sodic soils reclamation, such as the
 
assessment of leaching and drainage requirements, water
 
needs of crops, use of organic and chemical ameliorants,
 
establishment of a salt-tolerance index, economics of
 
reclamation and management, etc.
 

Although only a short time has elapsed since the
 
establishment of Soba Research Station in 1974, some
 
useful findings have been made. In a four-year
 
experiment chemical and organic ameliorants were compared
 
using wheat, maize, fodder sorghum, beans, and broad
beans as indicator crops. Resulting crop yield indicated
 
the superiority of farmyard manure to gypsum and green
 
manure. Althouqh gypsum improved the soil physical
 
properties (increased hydraulic conductivity and reduced
 
mechanical resistance and crust strength) and increased
 
seedling emergence, it did not result in any substantial
 
increase in crop yield.
 

In a series of experiments more than 25 crops were
 
screened for salinity tolerance under field conditions.
 
The yields of these crops were found to range from 20 to
 
70 percent of the normal productivity of non-saline soils
 
in the region. The magnitude of the reduction in yield
 
depended on the type of crop and its level of tolerance
 
to salts. The crops that gave fairly moderate yields
 
were beetroot, radishes, cucumbers, onions, fodder
 
sorghum, alfalfa, sunflowers, safflower, soybeans, etc.
 
On the other hand, peas, beans, broad beans, lentils,
 
lupins, watermelons and jojoba performed rather poorly.
 

Cultural practices and management could modify to a great
 
extent the performance of crops grown on saline soils.
 
It has been found that planting on ridges or beds
 
increases seedling emergence and plant populations
 
significantly, particularly in areas where crust
 
formation is a hindrance to seedling emergence.
 

4.3 Public Health Issues
 

Health issues in Sudan may be divided for convenience
 
into several categories. Development of surface water
 
resources, particularly irrigation networks, may cause
 
the spread of certain diseases such as malaria and
 
bilharzia. Rural areas, and occasionally sections of
 
urban areas as well, often lack elementary water or
 
sewage treatment facilities. Housing is often inadequate
 
and crowded. In some areas of the country, an influx of
 
refugees has exacerbated the difficulties in improving
 
health standards. Major problems include:
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Water borne disease. ?-0/ The implementation of major
irrigation projects has usually been accompanied by
increases in incidence of malaria and schistosomiasis. 
The Rahad irrigation scheme (east bank of the Rahad 
River), for example, lies within a hyper-endemic malaria 
zone where malaria was originally transmitted primarily

during the rainy season. Peaks in transmission still
 
occur during the rainy season, but transmission now
 
occurs throughout the year. A similar pattern has been
 
found in the Gezira/Managil schemes. Plasmodium
 
falciparum is by far the predominant parasite species.

In 1975 malaria outbreak reached epidemic proportions in
 
the Gezira (parasite rate in children aged 0-9 years was
 
19.7%). Emergency measures had reduced this rate to 5.2
 
percent by the following year, and improvement continued
 
through 1978.
 

Similarly, schistosomiasis has increased, both because of
 
the expansion of the vector's favored environment and
 
because of the labor influxes to irrigation development
 
areas. These migrants may bring the disease from other
 
areas. The effects of bilharzia are severe throughout

the entire 	Gezira area and incidence of the disease is
 
increasing. Hospital admissions for schistosomiasis at
 
the provincial hospital increased rapidly during the mid
 
1970s, and in 1978, half of the patients in the general
 
ward were bilharzia cases.
 

Over 33,000 cases were diagnosed in the Province during

1977 but the prevalence is estimated to be from 50 to 70
 
percent in the Scheme. One of the occupational groups
 
most severely affected is the men 
who clear weeds from
 
the canals and the disease probably affects most of the
 
labor force in the Gezira, causing disability and even
 
death. Table 4.9 shows the prevalence rate of the
 
parasite S. mansoni in a sample of Gezira 
residents,
 
while Table 4.10 notes the main vectors and parasites.
 

Water Supply. The availability of an adequate supply of
 
uncontaminated water is vital to the health 
of any
 
population. U.S. AID (1980) estimated that 1975,
in 

about 43 percent of rural inhabitants and 96 percent of
 
urban inhabitants (total Sudan 50%) had access safe
to 

water. U.S. AID (1978), however, stated that the supply

of water remains inadequate or hardly existent in many
 

20Sources: 	Anonymous. 1978?
 
Bannaga and Pickford. 1979.
 
Waziri. 1978.
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Table 4.9 Prevalence Rate of S. mansoni Infection
 
in the Gezira
 

Age Male Female
 
No. examined Percent No. examined Percent
 

0-4 120 8.3 128 	 2.3
 
5-9 163 45.4 177 45.2
 

10-14 160 76.3 137 79.6
 
15-19 65 82.2 121 79.3
 
20-24 25 68.0 81 51.9
 
25-29 27 55.8 72 45.8
 
30-34 25 64.0 67 44.8
 
35-39 27 51.7 56 	 48.2
 
40-44 31 32.3 38 21.1
 

Source: Waziri. 1978.
 

Table 4.10 Snail Species and Parasites in the Gezira
 

Snail 	 Parasite Relative Frequency
 

Biomphalaria pfeifferi S. mansoni Abundant
 
B. sudanixa 	 S. mansoni Common
 
B. alexandria S. mansoni Common
 
Bulinus truncatus S. haematobium Abundant
 
B. Forskalii non-transmitter Common
 
LTymnaea natalensis Fasciola hepatica
 
Cleopatra ferruginea non-transmitter
 
Melanoidec tuberculata non-transmitter
 

Sources: 	 Anonymous. 1978?
 
Waziri. 1978.
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low income residential areas. In the three cities area
 
water supply in 1978 was provided by four treatment
 
plants with a capacity of about 116,000 cubic m/day.
 
Average usage in 1977/78 was less than 95,000 cubic
 
m/day. Problems of blockage, pressure lapses, and
 
inadequate maintenance are common in all urban areas.
 

Sanitation. According to U.S. AID (1981a) only Khartoum
 
and Khartoum North have a central sewage system.
 
Khartoum's treatment plant capacity of three million
 
gallons per day (MGD) was far below usage of 6 MGD in
 
1978 (U.S. AID 1978). The plant provides service to less
 
than 30 percent of the city's population. The Khartoum
 
North plant had a capacity greater than usage in 1978,
 
but only 15 to 20 percent of housing units were
 
connected. Houses in both cities, as well as in
 
Omdurman, which are not connected, usually utilize septic
 
tanks. Much of the low-income housing, however, has no
 
sewage provisions, particularly in shanty town areas.
 
Maintenance of drainage systems, usually covered ditches,
 
is often poor, resulting in blockage and flooding
 
problems. Garbage collection is usually available only
 
to some of the middle or upper income areas. In low
income areas garbage is often dumped in the center of the
 
neighborhood.
 

Housing. Housing is detailed in U.S. AID (1978), and
 
summarized in U.S. AID (1981a), which follows here.
 

Over 13 million people, or 75 percent of Sudan's
 
population, are estimated to be living in rural areas.
 
Of these, 4.4 million people live in permanent houses
 
made with local materials such as mud, timber, and straw,
 
and another 8.6 million people are either nomads with
 
portable light-weight shelters or seasonal migrants
 
living in houses built for temporary occupancy. Because
 
of the differing and sometimes ambiguous definitions of
 
"household", the average occupancy per house may vary
 
from 5-10 people.
 

Housing density is very low in a typical rural village
 
settlement. Cattle herdsmen cluster a number of huts
 
around fenced areas where they keep their cattle.
 
Farming communities have a tendency to build shelters at
 
the edge of their farmland, where cattle areas and huts
 
are placed side by side.
 

The design and materials used for rural housing vary
 
depending upon local raw material availability. In the
 
northern and western parts of the country, the rural
 
shelters are made mostly with mud and have thatched or
 
straw roofs and walls plastered with manure. In the
 
southern region, the circular one-room house, called a
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toukal, has mud or straw walls and a conical, layered
 
straw roof. This type of unit requires constant
 
maintenance and creates a fire hazard.
 

Proximity to a water supply, whether from a river,
 
spring, or man-made well, is the most important factor in
 
choosing a site for permanent settlement. Sanitary waste
 
does not present a significant problem in rural areas,
 
due to low residential densities. In general, rural
 
housing meets the basic needs of rural residents and
 
improvement of housing and services is given low priority
 
compared to housing in the major urban areas.
 

According to the 1973 census, the "average household" in
 
urban areas had 5.4 persons living in two rooms. Forty
three percent of dwelling units had only one room, and 40
 
percent of those households with 5-6 members lived in 
only one room. 

Only a small portion of urban houses were built of 
"permanent materials"; 4.7 percent of homes had walls of
 
brick or stone, and 12.7 percent of homes had roofs of
 
zinc sheets or concrete. Walls of mud were used in 47.4
 
percent of homes. However, the combination of mud walls
 
and baladi roofs was by far the predominant housing type
 
throughout urban areas of Sudan; 30.9 percent of homes
 
were of this type. In addition to the traditional
 
building materials, the most commonly used building
 
materials for housing construction are bricks, cemerit,
 
lime, lumber, and reinforced steel bars. Tables 4.11 and
 
4.12 indicate building materials and housing
 
characteristics according to the 1973 census.
 

Refugees. According to U.S. AID (1981a), one of the most
 
immediate issues in Sudan is the estimated 450,000
 
refugees who have sought a haven there. Refugees have
 
been entering Sudan since the mid-1960s from Zaire,
 
Ethiopia, Uganda, and Chad. In coordination with the
 
United Nations High Commission for Refugees (UNHCR) and
 
World Food Program (WFP), the Government of Sudan has 
consistently accepted refugees on a humanitarian basis 
and has attempted to assist in settling them away from 
the borders. Such efforts have often been at the expense 
of applying the same financial and human resources to 
address the needs of its own citizens. The strain on 
Sudanese resources (food, housing, medicine, 
transportation, education, etc.) has been pushed even 
further in the past yeai with another large influx of 
refugees fleeing from the most recent fighting in 
Ethiopia. To avoid greater social and economic tensions 
between refugees and local populations, Sudan has adopted 
a new policy aimed at integrating the refugees into the 
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Table 4.11. Urban Building Materials, .973
 

Roof Material
 
Zinc Con-


Wall Material Baladi Wood Sheet* crete Other Total
 

Grass .4 .1 18.0 18.5 
Brick 4.6 4.7 6.5 1.4 1.4 18.6 
Mud 30.9 2.6 1.8 12.1 47.4 
Stones .1 .2 .8 .5 .5 2.1 
Wood .1 4.1 .1 .2 4.4 
Muddy Brick 2.0 .2 .3 .4 2.9 
Other .3 .3 .9 .3 4.2 6.1 

Total 38.4 12.1 10.5 2.2 36.8 100.0
 

m Permanent mater Ia I 

Source: U.S. AID. 1981a.
 

Table 4.12. Housing Characteristics from 1973 Census
 

Sudan Khartoum Port El
 

Urban 3 Cities Sudan Obeid Juba
 

Total number of
 
dwelling units 471,490 132,726 29,143 15,783 9,836
 

Average number
 
of rooms 2.0 2.2 1.7 2.3 1.6
 

Percent with 43 39 55 38 66
 
only one room
 

Persons per
 
5.9 4.5 5.6 5.4


5.4
household 


Persons per
 
2.7 2.7 2.4 3.4


2.7
room 


Source: U.S. AID. 1981a,
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country's long-range development plans. The government
 
now believes that refugee resettlement must be done in
 
concert with general economic development and must
 
emphasize production-oriented activities. If this
 
program is successful, the energy and resources currently

being experded on the refugees might be available to
 
address some of the environmental and development-related
 
problems, which in the meantime hinder self-sufficiency
 
for all of Sudan.
 

Refugees in the urban areas, particularly Khartoum,
 
Kassala, and Port Sudan, live in crowded squatters' huts.
 
These single-room huts, with no access to water or
 
sanitation facilities, often hold as many as four
 
families. The government's solution is to move the
 
refugees into organized settlements outside the towns.
 
Understanding that many refugees who came from an urban
 
background do not want to live in rural areas, Sudan
 
hopes to provide vocational training so they can get
 
urban jobs later.
 

Sudan has set up several successful refugee resettlement
 
villages where each family is given a small plot of land
 
to farm. However, at the present most refugees in Sudan
 
live in poor conditions. Temporary shelters (tents,
 
tarpaulins, plastic sheeting) are common and many people
 
must walk several miles for firewood and water.
 
Generally, these relief camps have no storage facilities,
 
so each family receives a two-week supply of food, soap,
 
and cooking oil at a time. However, Sudan is making
 
progress in alleviating these conditions.
 

4.4 Water Hyacinth and Other Weeds
 

The water hyacinth (Eicheria crassipes) problem is
 
summarized in U.S. AID (1981a), which is followed here.
 

The unchecked outbreak of water hyacinth in the Nile has
 
been called "one of the environmental disasters of the 
century." The water hyacinth is a South American plant,
first seen in the Upper Nile region in 1958. By 1962, 
the plant had succeeded in infesting the whole stretch of 
the White Nile from Juba to the Jebel Aulia Dam as well 
as other rivers and lakes (Figure 4.2). In the period of
 
April to October, vast amounts of water hyacinth plants 
drift north toward the Jebel Aulia Dam where they
 
accumulate, completely covering the water surface.
 
During this period wind and water current action compress
 
them into a thick carpet that people can walk on.
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The accumulation of water hyacinth on the Nile has caused
 
a water loss of up to seven billion cubic meters per
 
year, or one-tenth the normal yield of the river.
 
Besides reducing the water supply, water hyacinth blocks
 
irrigation pump inlets and canals, hydroelectric power

plants, and water supply channels for settlements.
 
Difficulties in water transport such as damage to boats,
 
delays in service, and increased fuel consumption have
 
been reported. Fishing along the river banks has become
 
difficult or impossible since many side channels are
 
completely choked up. Water hyacinth also provides good

breeding sites for mosquitos (causing an increased
 
incidence of malaria) and freshwater snails, which are
 
intermediate hosts for the parasite that causes
 
schistosomiasis.
 

The Sudanese government has launched a control program to
 
limit the spread of the plant at a cost of US $2.5
 
million per year. However, researchers have expressed
 
concern over the limitations and dangers of using
 
herbicides. Efforts made in South America by a team of
 
entomologists to select insects that live on and destroy
 
water hyacinth are being investigated. These and a
 
number of other possible control programs are discussed
 
in Sudan and USA (1975).
 

Hamdoun and Babiker (1972) discuss weeds which impede
 
cultivation. Typha angustifolia, another water weed,
 
often establishes itself in drains, and can completely
 
block them. Ishaemum afrum and Sorghum sp. infestation
 
is very serious in some fields, particularly in the Kashm
 
el-Girba scheme. Other major problem weeds include
 
Striga hermonthica, Cyprus rotundus, and Cynodon
 
dactylon.
 

4.5 Pest Infestations
 

A number of infestations are briefly mentioned in U.S.
 
AID (1981!):
 

Migratory Locusts. In 1930 migratory locusts appeared in
 
the Sudan for the first time since 1899. Between 1930
 
and 1940 they returned every year and caused heavy damage
 
to crops. In 1968, migratory locusts appeared in the
 
eastern Sudan, where they ate 1,214 ha. of sugarcane.
 

Red Locusts. Sudan is on the very northern edge of the
 
red locust's range. The only record of the red locust
 
having penetrated into Sudan was in 1937 when a swarm
 
appeared and travelled north as far as 170 N, near
 
Atbarah.
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Desert Locusts. The coastal region of the Sudan is part
 
of the desert locust breeding zone along the Red Sea and
 
the Gulf of Aden. Kassala Province in particular has
 
been hard hit by all four of this century's major desert
 
locust plagues. There was significant desert locust
 
damage in the Sudan in 1967, but the plague did not last
 
beyond 1969, largely due to control efforts by the Desert
 
Locust Control Organization/East Africa (DLCO/EA).
 
DLCO/EA was also responsible for controlling the plague
 
of 1978-79, when desert locusts in Sudan were restricted
 
to the coastal area, and no major damage was reported.
 

Testse Flies. Tsetse flies are endemic in southern
 
Sudan. A government control problem exists, but most
 
people living in this area have adapted by not keeping
 
cattle.
 

During the summer of 1980 a serious Quelea bird
 
infestation was reported by the Sudan Ministry of
 
Agriculture. DLCO/EA assisted in a spraying operation in
 
the southern, central, and eastern parts of the country.
 

Further discussion may also be found in Abdel-Nur (1972);
 
Allam (1972); and el-Amin (1972).
 

4.6 Flooding
 

Clary and McKelvey (1978) and U.S. AID (1981a) have
 
summarized flooding problems in Sudan as follows here:
 

"Flocds are an annual and generally welcome event which
 
provides water for drinking and irrigation. However,
 
every three or four years major flooding occurs that
 
causes structural and agricultural damage. In 1975
 
extensive flooding in central and eastern Sudan inundated
 
more than 66 million ha, destroying approximately 7,000
 
homes and leaving 100,000 people homeless. In 1978 flood
 
waters caused severe damage in Gezira, White Nile,
 
Northern Nile, and Kassala provinces. Some 200 villages
 
were badly damaged and up to 80 were totally destroyed.
 
There was heavy water damage to the Gezira Scheme
 
irrigation system and an undetermined quantity of crops
 
and livestock were lost. The total dollar value of the
 
damage was estimated at $25 million by the Government of
 
Sudan."
 

4.7 Miscellaneous
 

Rodger (1972) discusses dust problems, and notes that
 
dust may so reduce visibility at Khartoum that somtimes
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the airport must close. Machinery and electronic
 
equipment wears much faster in an environment with high
 
levels of dust. Respiratory problems are also more
 
prevalent in such environments. Workers in some
 
industries are particularly susceptible; for example,

workers in mines and quarries, or in some factories such
 
as sugarcane refineries. The level of industrial air
 
pollution, however, is very low in Sudan because of the
 
lack of extensive industrial development.
 

Pollution by pesticides is somewhat of a problem,
 
according to Mohamed (1972). About 85 percent of
 
pesticides used in Sudan are allocated toward controlling
 
cotton pests, but some are used to control the Quelea
 
bird and other agricultural pests. In addition,
 
insecticides are used in residential areas to control
 
malaria. Mohamed presents data which indicates that a
 
small number of people and domestic animals have died
 
because of accidental poisoning (five humans near Kasti
 
in 1970).
 

Hamdoun and Babiker (1972) briefly discuss herbicide
 
pollution, and note that many crops have suffered from
 
soils that had previously been treated. Detailed data on
 
the problem, however, are not available.
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Table 1. Average Monthly Rainfall 

MNnth j 1 NI A NI J J A . () N I) 

Statinn 

.thara.. 0I ( n 1 4 1 20 38 7 1 ( ( 

Shendi. 0 0t t 1 3 2 43 64 20 3 0 0 
Khartom. 0 t t 1 5 7 48 72 27 4 t 0 
Wad .ledan, 0 0 t 2 20 34 123 138 60 16 0 0 
Sennr . . . 0 l 1 4 29 47 146 170 63 21 t (I 

Sinua . .. 0 0 t 4 26 73 171 198 95 28 1 t 

Roseires.. 0 t 1 11 58 126 166 221 152 36 5 0 

Source: Buursink. 1971. 

Table 2. Average Number of Raindays (-10mm) during the Rainy Season
 

Month Ma June Jul% August September October 

Station 

Atbarn ......... 0 0 1 1 0 f' 

Shendi ........... ... 0 0 1 2 1 0 

Khartoum ....... . 0 0 1 3 1 0 
Wnd Nledani ....... .. 1 1 4 5 2 0 
Sennar ........... ... 1 2 5 6 3 1 
Singa ........... ... 1 2 5 7 3 1 
Roseires .......... ... 2 4 5 7 5 3 

Source: Buursink. 1971.
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Table 3. Frequency of Rain Days and Heaviest Daily Falls (1931-60) 

i FALLS > 1.0mm. FALLS > 10.0mm. w AE.VI ESr 

STATION 

MEAN 
RAINFALL 

: mm.) 

MEANNO.--.. -'-NOO
OF RAIN PERCENTOOFALL 

DAYS RAIN OF ALL 
DAYS RAINDAYS 

NO. OF 
RAIN 
DAYS 

.--PEEREFtT 
RAIN 
DAImDA NS 

LD.ILRAINfALL 

AbI am 
KArxm 
port sud'a. 
.okar 
Atba 
Shend;. 
rnartom Ax.rport 
xassala 
: Fasner 

E: ooed 
E. Genei.a 
Wad&rL-KOS= 

1 
3S 

110 
88 

2 
!36 
164 
341 
2;7 
418 
549 
373416 

3.5 
6.0 

15.6 
14.3 
10.6 
1(.9
21.3 
33.5 
34.3 
41.6 
57.6 
42.942.1 

3.0 
4.8 

12.8 
12.5 
9.0 

10.9 
19.7 
30.4 
31.8 
36.7 
52.5 
38.138.7 

86 
80 
82 
87 
85 

100 
92 
91 
93 
88 
91 
8992 

0.6 
1.1 
1.3 
2.4 
2.0 
4.1 
5.3 

11.0 
9.1 

13.8 
19.0 
12.512.5 

17 
18 
8 

17 
19 
45 
25 
33 
27 
33 
33 
2931 

52.5 
6o.0 

111.5 
90.0 
9S.I 
C5.0 
79.9 
95.5 
93.0 
9(, 7 
87.4 
79.61"'* .0 

Er Rolres 776 71.4 68.8 96 26.9 3.N 110.4 
A ei: 948 69.3 69.0 99 30.0 43 
ml.k-" 
Tor: 

7F3 
1014 

78.0 
72.9 

69.8 
72.7 

90 
100 

23.4 
33.0 

31 
45 

176.1 
117.7 

BC: 
YaMC 
Zuba 
.ort 
1.*1 sno. 

860 
1512 
982 
994 

1161 

74.8 
12.6 
1029 
96.1 

105.3 

71.2 
119.1 

93.1 
93.2 

104.2 

95 
97 
91 
97 
99 

27.4 
48.8 
30.6 
32.3 
43.7 

37 
40 
30 
34 
42 

141,0l 
121.0 
110.8 
111S.01 

75.) 

Source: Oliver. 1969.
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Table 4. Variability of Annual Rainfall
 

STATION 

Ahn Harned 
Zcidaib 
Sallom 

Tokar 

Atbara 
Khartoum 
(Shambat)
 

Kassala 

El Fashcr 
El Obeid 
Wad Medani 
Ed Dueim 
Er Ro.eires 
Malakal 
Bor 
\Vau 
Juba 
Torit 
Nimule 
Y'ambio 


STAN. COEFI.ANNUALANNUAL DARD CIENI 
DAD OF' 

MEAN MEDIAN: DEVI. ARIIA
(mam. 

19 7 
70 6 
.95 79 
90 80 
74 67 

144 143 


327 333 

303 301 
38S 369 
3.81 361 
332 129 
83) 773 
817 775 
858 827 
1127 1080 
971 975 

989 965 

1188 1211 
1418 1438 


Source: Oliver. 


! ATION TION 
(rm.) {(PerC.nt)
 

30 15S 
5L, 71 
59 69 
52 5F 
46 67 
77 53 

87 27 
128 42 
107 28 
105 28 
97 26 
133 17 
166 20 
169 20 
1,73 15 
179 is 
133 13 
170 14 
231 16 

1969.
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Table 5. Average Monthly Solar Radiation (cals/cm2 /day) at Khartoum 

. F NI A hi J J A S () N D 

47(0 518 564 581 570 537 522 524 518 489 473 445
 

Source: Buursink. 1971.
 

Table 6. Average Daily Temperature ( C) 

Month J F M A NI J I A S 0 N D 

Stntion 

At ara . . . 22.6 23.5 26.7 30.7 33.7 35.0 33.7 32.9 33.9 32.0 27.5 24.1 

Shendi . . . 23.1 23.6 27.1 30.5 33.5 35.0 33.1 32.2 33.2 31.6 27.9 23.8 
Khartoum . 23.7 24.7 27.9 31.5 33.7 34.1 31.7 33.4 32.0 32.3 28.2 24.9 

Wad Nledani 24.1 25.1 28.1 31.1 32.4 32.1 29.3 27.7 28.8 30.1 27.4 24.7 

Sennar . . . 23.0 26.0 28.9 31.5 32.2 31.2 28.3 27.1 28.0 29.7 28.3 28.7 
Sinlza . . . 25.9 26.9 29.7 32.1 32.1 30.5 27.9 26.7 27.7 29.4 28.7 26.7 

Jtnqeir. 26.3 27.5 29.8 32.1 30.7 2R.5 26.7 26.1 26.7 28.0 27.7 26,.6 

Source: Buursink. 1971. 
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Table 7. Average Annual Water Balance (=an)
 

Stitinn Open- Potential Rainfall Water deficit 
%ater evapo. 
evaporation transpiration 

Ath;iri ................. . 3120 1806 72 1733
 
Shendi ... .............. . . .. - 1797 136 1661
 
Kh'jrt n m. .... ............. 2555 1837 164 1656
 
Wad Mcd;i ........... ....... 2810 1783 373 1402
 
Sennar .................. ... 251( 1806 481 1337
 
Sinva . . ................. ... 2171 1844 56 1254
 
Ro .'ire. .. . . . . . . . . . . . . 1916 1798 776 996
 

Source: Buursink. 1971.
 

Table 8. Mean Relative Humidities, 1931-1960
 

Khartoum (30 years) Jebel Aulia (10 years) 

0800 1400 2000 1600 ,0800 1400 2000 

(1901.21) 
January .. 36 20 27 15 53 34 45 
February 
March .. 

29 
23 

16 
13 

22 
is 

1I 
8 

45 
41 

28 
26 

39 
34 

April .. 20 12 18 7 38 24 34 
May 
June 

.. 27 
38 

15 
18 

22 
25 

11 
16 

37 
47 

24 
26 

31 
34 

July 
August 

.. 

.. 

58 
68 

31 
41 

41 
53 

23 
30 

63 
73 

37 
49 

47 
63 

September 
October 

.. 

.. 

56 
38 

30 
20 

41 
29 

25 
17 

64 
50 

40 
31 

51 
44 

November.. 34 20 28 16 50 32 45 
December.. 38 22 29 18 56 38 50 
Year .. 39 21 29 16 51 32 43 

Source: Oliver. 1965.
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Table 9. Resultant Wind Directions and Steadiness, Khartoum (1901-1916)
 

Result.Directions from True N. Relative Steadiness per cen.
 
0800 14(0 2000 Daily 0800 14U0 2000 Mean 
hours hours hours Mean ho,-s .ours hours 

January .. 8 17 5 10 8.v 87 92 89 
February .. 12 18 7 12 87 85 89 $7 
March .. 21 18 13 17 & 80 82 82 
April .. 31 20 6 18 72 66 68 68 
May .. 33 '- 7 16 23 33 37 31 
June .. 209 231 i97 212 54 28 28 36 
July .. 204 224 211 213 77 68 66 70 
August .. 208 2.2 208 212 78 66 58 67 
September .. 212 218 186 204 48 30 42 37 
October .. 11 35 20 23 26 33 31 29 
November.. 16 14 7 12 84 72 80 78 
December.. 12 15 5 10 91 85 92 91 
Year • 7 6 0 4 

Source: Oliver. 1965.
 

Table 10. Frequency of Haboobs* at Khartoum Airport (1916-1929 and 1V49-1955)
 

Average Maximum 
Total Number of Haboobs Number of Number of 

Days with Days with 
(a) 1916-1929 (b) 1949-1955 Haboobs Haboobs inan-. 

1949-55 year 1949-55 

April .. 16 2 0.3 1 
May .. 48 20 2.7 5 

6June .. 82 20 2.6 
July .. 64 28 3.7 7 

Augus: .. 32 14 2.0 4 
Sep-ember .. 35 11 1.6 3 
October .. 10 5 0.5 2 

Total .. 289 100 

*violent dust storms
 

Source: Oliver. 1965.
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Table 1. Miscellaneous Demographic Features
 

Population 


Density per sq. km. 


Density per sq. km. arable land 


Growth 


Crude birth rate (per 1000) 


Crude death rate (per 1000) 


Life expectancy at birth (years) 


Average daily caloric consumption 


(%of estimated requirement) 


Population per practicing physician 


Percent literate 


Per capita GNP (U.S. $)l 


Total labor force (1000) 


% of women in labor force 


% of labor force in agriculture1 


Sources: 	 U.S. AID. 1980.
 
iWorld Bank. 1981.
 

18,340,000 mid 1980
 

1.0 1977
 

55.0 	 1978
 

3.0 1969-79
 

46.0 	 1979
 

18.0 	 1978
 

48.6 1973
 

2247 1976
 

(93%) (1977)
 

9857 1976
 

20 1975
 

370 1979
 

4443.0 1973
 

10.6 1975
 

78 1979
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Figure 1. Provincial Boundaries, 1976
 

Source: Waterbury. 1979.
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Table 2. Population, Urbanization and Growth by ?rovince
 

:9,3 

:97' Aaa nran n-.:nuZ 
Popula- Growzh Popula- Grow=h ....e..: 
.ionr Sin -e t=ionr S-Lnce :,g55 - 7Z64- -?7' 

(.00, s 55//5E -Z5 5 563's) __ 

Ncr-hern Provinces
 

Red Sea, Kassala 1,547 2.8% 326 6.3% _. !% -4.5% 21.6%
 

Nile, Northern 958 .5 64 3.2 4.2 4.9 6.9 

Khartour. 1,146 4.7 ,00 6.6 5C.: 57.4 71.? 

Gezira, Whize e Elae Nile 3,740 3.2 26 5.3 5.0 5.. 

North & South Kordofan 2,202 1.3 120 3.1 3.9 3.4
 

North & South Dar ur 2,140 2. ., 6 5 4.. . 

TD)ta- Nor-:her.- ,n . %, ' .= E.4% :
 

Southern Provinces
 

Upper Nile, Junglei 836 -.4 37 7.7 1.1 1.6 4.9
 

Bu~heyrat., Bahr el Ghazal 1,397 2.0 53 11.1 .8 1.2 4.2
 

West & East Eq.aoria 
 792 -.7 57 9.7 1.2 1.7 7.?
 

Total Southern 3,025 .5% 147 9.6% ".0% NA 4.9%
 

Total Sudan 14,758 2.1% 1,894 6.0% 6.4% 8.3% :2.Ek
 

1Urban population is here defined as resident population in urban centers which had
 
20,000 inhabitants or more in 1973.
 

Source: U.S. AID. 1978.
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Table 3. Population by Nationality (1973 Census)
 

Khartoum Greater Port E"
 
Khartoum mdurnan North Khartoum Sudan Obeid Juba
 

2,936 3,482 558 6,976 315 146 6 
Chad 1,656 2,149 717 4,522 211 58 1 
Zaire 128 10 4 142 3 1 1,9 
Ethiopia 1,500 486 454 2,440 302 28 2 
Nigeria 4,404 1,092 131 5,627 1,566 860 5 
Other Africa 481 552 -z J ,062 47 12 41 
Total Africa 17,105 7,771 1,893 .4,769 2,444 1,103 1,C, 

Yemen 283 518 439 1,240 305 6 -

India 142 483 3 628 456 - 6
 
Other Xidd-le 619 64 31 714 130 6 17
 
East/Asia
 
Total Middle 1,044 1,065 473 2,582 891 12
 
East/Asia
 

Greece 392 10 13 415 21 17 35
 
Other Europe 857 60 76 993 75 30 15
 
Total Europe 1,249 70 89 1,408 96 47 50
 

Other 87 1 3 91 1 2 18
 

TCILFOREIN 13,485 8,907 2,458 24,850 3,432 1,166 1,165
 

TOIL S'uDAEE 320,418 290,490 148,311 759,219 129,444 88,886 55,572
 

NOT STATED 3 2 220 225 1 21 --


TOTAL 333,906 299,399 150,989 784,294 132,877 90,073 56,737
 

Source: U.S. AID. 1978.
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Table 4. Provincial Distribution of Principal Languages, 1955/56 Census (in percent) 

llahr oil llhe lpp.r
lCnhnaE.I (heunl NIl IAtnUr P.qualnrla ROmAlM Khartoum Rnrd.fn Nnrthprn Nile 

Awluir................................ 
 0.9 FA 4 54.5 0.0 36.3 96.9 (18.0 R.0L 1.7 
Rejn .................................... ... . ... . ... . .... 50.2 ................ 
N In ................................... .... 0.2 0.1 .... 0.4 0.4 20.R ........
 
l)nrririn........................ ...... 0 . 1 .1 41.7 .... 0.5 
 .... 0.4 ........
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .W qtLAfrienti 7 9 2.5 .... 11.1 0.8 2.7 0.1 0.1
N ihinn ................................. .... . .... .... .... 0.2 0.2 .... IR.0 .... 
in ... .............................. 0.R... ......... 2.. .... .... 
 I.0 

Z , l ........ ............................ .. I. .... 0 .... .... .3.0

N nIl - n-. L............................. I . .... 0.11 
 3.0 .... .... ...........
N ,Io lt- Srrr . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 9 . . . . . . . . 2 .5 . . . . . . . .
 . . . . . . . .. . . . 
M ori) .Mnfli .............................. .... 
 ... 0.0 10.2 .... .... 0.1 .... 0.1 
linkn ................................... 8 7.4 .... .... 0.3 .... 0.1 .R .... 25.4 
Nner ............................................. .... .... .... .... .... .... 52.2 
l#1 ..................................... 4.8 0.4 .... 4.9 .... .... 0.1 .... 13.8 
1an n 2.......... ....................... 0 . 1 .... .... 31.3 ...................
 

IIncludes a variety of related languages of countries west of Sudan.
 
2Includes Bari, Lotuko and Toposa.
 

Source: Nelson, et al. 1973.
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Table 5. Schistosomiasis - Cases and Deaths 

Years Bllue Nile Darfur Kordofan Northern Kassala Bahlr ElGI)R7nl EutrnU U e ieKatui oa 

Cnqet; D Cnsep 1) Cases L) Cases D) Cases D Cnsqc D) Cases 1) Cases Di Cases 1) Cases 1) 
1949 622 24 2028 - 5522 2 3050 3 567 4 417 3 1913 3 117 - 753 -20637 3 
1950151 10397 25 2707 1 7179 1 30061 - 826 1 547 - 5768 6 172 1 J116 - 511809 35 
1951/52 14069 83205 2 4793 2 2550 - 389 1 336 1 3121 3 14 - 710 -129917 07 
1952/53 1IV19 5 4079 - 4913 1 3272 1 4401-- 229 1 3901 9 91 - 968 - 29276 17 
1953/54 09541 12 3031 - 7271 - 4271 - 5551- 313 1 3835 10 126 1 1782 1 30725 25 
1954/55 11468 193244) 1 9972 - 5314 - 46P 1 821 - 3528 2 220 - 2539 - 37570 23 
1955/56 13346 6 37F0 1 6778 1 3770 1 270 - 386 1 1878 3 125 1 1408 1 5!,t3 
19.0157 17631 12 3379 1 13376 - 3886 - 154 - 874 1 2962 6 61 - 1740 2 441063 22 
1957/58 121162 15 5308 - 12096 - 3673 2 159 - 447 - 3960 4 79 - 3061 - 41645 21 

T%1958/59 12524 14 3545 1 13592 - 5729 - 271 - 423 - 4619 13 63 - 4328 2 45094 3v 
1959/f0 17446 9 3412 - 11020 2 5()36 1 119 - 965 4 41.65 8 114 -4566 2 47343 26 
1960101 17910 18 6036 - 1090 - 5t21 - 513 1 956 9 5355 8 159 - 6437 6 5,877 4 
1Q61/92 16716' 14 12833 1 8494 1 5339 ,- 407 1 529 2 4529 6 180 - 8205 4 572Z9 29 
19t,2(63 22256 11 11533 1 5744 4 4674 1 751 1 803 1 3770 5 11290 -16004 - 63825 24 
10f 3/64 23058 12 16294 2 9197 1 3579 2 1432 2 909 - 4120 8 17.i8 2 7229 5 67556 -4 
196165 142150 17 16023 1 10140 2 2603 3 613 1 343 - 3695 4/1O- - 7029 1 83636 29 
1965/66 41783 143 U11 2 14211 1| 4078 5 508 - 70 1-, 2274 2 281,6 12 11992 7 90193 72 
19(.6167 42699 113 15170 - 17843 1 6089 7 922 10 795  1923 1 3756 9 10510 3 99776 44 
1967168 46701 j34 20071 - 25625 2 7312 j 3 968 11 1020 1 2298 - 299 - 9964 - 118258 51 
1968/69 49035 - 11786 1-10058 -1 4228 - 11016 1- 11220 - 1763 -11547 1-110462 1- 92115 -

Source: Hlasseeb et al. 1972. 



Table 6. Incidence of Diarrhoeal Diseases
 

Age 
Gastro-Enteritis 

Oth,,r 
Bacillary 

& Amoebic 
Paratypboid

Fever & Other Typoid 

Diarrboeal Dysentry Salmonella Fever 
Diseases Infections 

M 1,220 
0-1 

F 1,818 

2-14 M 16,820 
F 14,220 

-. 

M 118,220 19,613 1,420 

5-14 
F 120,000 111,000 1,317 

M 1,820 920,110 6,172 7,208 
15-44 

F 1,914 980,000 7,914 8,418 

M 1,115 158,000 
45 & 
OVER 

F 1,8:0 148,000 

M 139,193 1,097,924 6,172 8,628 

TOTAL 
F 139,762 17239,000 7,914 

GRAND 
TOTAL 278,957 2,336,924 14,088 18,363 

Source: Hasseeb et al. 1972. 
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Table 7a. Incidence of Pulmonary Tuberculosis (per 10,000)
 

Year Cases 

]960 7864 


1961 8768 


1962 8466 


1963 8635 


1964 7693 


1965 12009 


1966 8194 

1967 9690 

1968 14654 

1969 14654 

1970 13929 

No. of Cases 
AdmissiDons Deaths 
per 10,000 

60 337
 

67 399
 

65 403
 

66 316
 

59 330
 

110 305
 

58 285
 

59 261
 

100 950
 

104 1075
 

120 1069
 

Source: Hasseeb et al. 1972.
 

Table 7b. Incidence of Cerebro-Spinal Meningitis, 1958-1968
 

Year 

1958159 
1959/60 
1960/61 
1961/62 
1962/63 
1963/64 

1964/o5 
1965/66 
1966/67 
1967/68 

Attack Bate 
per 1OC:000 

4 
59 
43 
13 
15 
23 

16 


100 

21 
22 

Percentage of 

Admission 


73.3 
68.6 
85 
71 
73.6 
88.3 

72.1 

65.9 

65 
85.7 


Source: Hasseeb et al. 1972.
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Death Ratio
 
For Admission
 

1: 7 
1: 3 
1: 10 
1: 7 
1 : 11 
1 : 12 
1 : 11 
1 26 
1 :17 
1 : 17 



"a'ne e. -ma±i voX, nepatltis IKala Azar 

a. Incidence of Small Pox in 1970 

Proviace Cases Deaths 

Bahr el Ghazal 104 4 
Blue Nile 18 1 
Equatoria 119 3 
Darfur - -
Kassala 83 3 
Khartoum 246 3 
Kordofan 32 -
Northern 9 -
Upper Nile 32 1 

Source: Hasseeb et al. 1972.
 

b. Incidence of Infective Hepatitis
 

Year Cases 

1963/64 2440 

1964,'65 7072 

1965/66 11771 

1966!67 21481 

1967/6S 9142 

1968/69 8!059 

1969/70 8476 

1970/71 10699 

Source: Hasseeb et al. 1972.
 

c. Incidence of Kala Azar
 

Year No. of Cases 

1961/62 4693 

1962/63 2485 

1963/64 4206 

19641/65 3271 

1965/66 5050 

1966/67 2019 

1967/68 159, 

1968/69 1846 

1969170 1267 

1970 1823 

Source: Hasseeb et al. 1972.
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Table 9. Health Care Personnel and Facilities
 
(mid 1970s)
 

A. Personnel
 

Physicians 

Dentists 

Medical Assistants 

Technicians 

Pharmacists 

Health Visitors (nurse-midwife) 

Health Statisticians 

Dental Technicians 

Social Workers 

Nutritionists 

Senior Public Health Inspector 

Public Health Inspector 

Public Health Officers 

Sanitory Overseers 

Nurses 

Village Mid-wives 


B. Facilities
 

Hospitals 

Hospital Beds 


Health Centers 

Dispensaries 

Dressing Stations 

Blood Banks 

Specialty Hospitals 

School Health Units 

Nursing Schools 

Village Mid-wives Schools 

Health Visitors Schools 

Medical Assistant Schools 

Public Health Laboratories 

Public Health Offices 

Endemic Disease Units 


1287
 
54
 

1645
 
514
 
307
 
23
 
50
 
27
 
4
 
19
 
62
 

151
 
271
 

11,120
 
4,438
 
??
 

133
 
15,670
 

144
 
634
 

1505
 
22
 
38
 
11
 
54
 
18
 
3
 
5
 
4
 

225
 
3
 

Source: U.S. AID. 1976.
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Table 1. world Bank Economic Data Sheet 

SUDAN 
Economic Data Sheet 1 -Population, National Accounts, and Prices 
GNP Per Capita -1977 (USS) 330 

1050 loss 19 196 19M_ IBr j6 196" ir0 I 

Population 
-Total. midxear. thousands 9322.0 10210.0 11256.0 12533.0 12532.0 13135.0 13451.0 13772.0 14100.0 14464.0 

CDP b%indus'nal origin At current factor cost 
Agriculture
Mimng 
Manufacturing 
Construction 

,, 
,, 
,. 
.. 

294 5 
0)4 

24.2 
32.2 

314.6 
1.4 

3. 3 
33,6 

249.5 
2.7 

52.9 
34.5 

276.0 
2.9 

56.0 
31.5 

292.5 
3.4 

60.5 
35.6 

295.4 
2.5 

71.0 
36.9 

355.2 
2.9 

87.6 
40.2 

393.4 
Z.3 

90.3 
404 

Electricit-. gas. and water 
Transport and communications 
Trade and finance 

.. 

.. 
.. 

22.0 
36.1 
52.5 

24.6 
46.3 

121.5 

24.0 
45.9 

151.4 

23.7 
45.6 

165.0 

24.5 
49.5 

186.0 

27.0 
55.6 

194 7 

25.5 
87.3 

133.5 

29.9 
91.2 

146.4 
Public administration and defense ., 40.0 68.7 58.6 67.2 75.4 127.2 133.0 152.9 
Other branches ., 8.7 9.4 40.0 41.0 43.9 23.7 19.7 206 

GDP at factor cost., 512.9 658.9 659.8 710.9 771.9 837.3 891.2 962.4 
Net indirect taxes 17.6 22.6 29.0 29.1 31.3 34.0 36.9 39.3 42.4 
CDP at market prices 416.6 535.5 687.9 685.9 742.2 805.9 874.2 930.5 1004.5 

CDP by industrial origin 
(constant 1975 prices,

Agriculture
Mining" .. 

... .. 
.. 

351.7 374.0 407.8 
At constant factor cost 

350.4 390.4 

Manuiarturing ... .. 106.1 116.7 105.3 123.6 134.6 
Construction ..... 70.2 84.3 75.8 63.9 60.9 
Electricitv. gas. and water ... .. 20.6 26.6 30.3 27.5 31.3 
Transport and communications ... .. 80.0 82.9 76.2 101.6 104.1 
Trade and finance ...... 287.6 294.1 341.7 253.5 257.0 
Public administration and defense ... .. 141.5 144.4 152.9 192.4 220.7 
Other branches ... .. 0.2 0.4 0.1 

GDP at factor cost' .... .. 1060.2 1125.0 1193.4 1143.2 1199.1 
Net indirec taxes 
GDP at market prices 592.9 842.0 1012.4 1110.5 1093.7 1060.2 1125.0 1193.4 1143.2 1199.1 

Resources and expenditures 
CNP 415.9 533.7 683.0 683.0 737.4 799.5 

At current market prices 
867.5 925.3 999.7 

Factor payments to abroad met) -0.7 -1.8 -4.9 -5.9 -4.8 -6.1 -6.7 -5.2 -5.1 
GDP 416.6 535.5 687.9 686.9 742.2 805.9 674.2 930.5 1004.6 
Imports of gcods and N.F.S. .. 63.1 93.7 103.3 107.2 122.2 105.5 104.9 135.0 
Exports of goods and N.F.S. 65.6 82.3 89.0 93.4 103.4 103.5 115.6 123.4 
Total resources 400.9 533.0 699.3 703.2 756.0 824.7 579.5 919.b 1016.4 
Private consumption 364.0 456.1 573.2 534.0 577.5 631.5 661.8 676.5 767.5 
General government consumption 21.2 30.7 63.2 93.6 105.: 112.1 132.6 147:7 159.0 
Gross domestic investment 15.7 46.2 62.9 75.6 73.0 80.5 85.1 95.6 89.6 

Resources and expenditures 
(constant 1975 prices, 
GNP .. 840.2 1008.9 1103.4 1064.1 1053.4 1117.0 

At constant market prices 
1183.5 1136.7 1193.0 

Factor payments to abroad met) -1.8 -3.5 -7.1 -9.6 -6.8 -8.0 -9.9 -6.5 -6.1 
GDP 592.9 842.0 1012.4 1110.5 1093.7 1060.2 1125.0 1193.4 1143.2 1199.1 
Imports of goods and N.F.S. .. 171.5 247.9 316.6 249.3 254.2 253.0 215.5 259.6 
Exports of goods and N.F.S. 
Total resources 810.3 

107.1 
1077.1 

126.5 
1231.9 

159.6 
1250.7 

179.6 
1129.9 

196.5 
1210.4 

199.0 
1247.4 

210.2 
11"1.5 

195.9 
1262.5 

Private consumption 735.6 827.3 859.5 725.5 673.9 736.7 791.4 730.5 796.7 
General government consumption 42.6 101.9 177.3 253.7 250.4 271.9 263.5 267.3 282.4 
Gross domestic investment 31.7 147.9 195.1 271.2 205.6 201.5 192.5 153.7 181.7 

Investment financing 
Gross domestic investment .. 15.7 46.2 62.9 75.6 73.0 80.6 

At current market prices 
85.1 95.6 69.6 

Gross national savings texcluding 
net current transfers from 
abroad: .. 30.7 46.9 46.6 55.4 54.4 55.9 73.1 101.1 72.9 

Net balance of goods and services .. 15.0 0.7 -16.3 -20.2 -15.6 -24.9 -12.0 5.5 -16.7 
Gross national savings (including 

net current transfers from 
abroad' .. .. .. .. .. 54.9 55.2 72.5 101.2 72.0 

Domestic price indexes (1970-100) 
Consumer price %or retail price) 

index 46.4 68.4 71.7 4.0 85.4 94.9 85.3 96.0 100.0 101.4 
Wholesale price index 
Implicit GDP deflator 

85.6 
.. 

85.2 
60.8 

78.5 
65.0 

81.8 
76.0 

84.1 
77.4 

96.3 
86.0 

88.2 
88.0 

95.1 
90.0 

100.0 
100.0 

95.7 
102.9 

Foreign exchange rate .. .. 0.348 0.346 0.348 0.348 0.346 
Sudanese pounds per US dollar 

0.346 0.345 0.345 

a. 19W b. Fw isb iluded in atb. br'nean. c. iaded w e.'r bsw.L & 1970-7.3 a. aetuied a mamdacunag f.Saisuacaj da.w g GDF atmutel 
pnm . 1855-40 



Table 1. Continued SUDAN 

19- 197 )74 is"r IOo 15-60 IaM70 1970o., 
Average annual growth rate (percent) 

14637.0 15220.0 15112.C 16015.0 16461.0 16919.0 1.9 2.3 2.6 (Total, midyear, thousandsl 

imillions of Sudanese pounds) As percentage of GDP 
401.5 436.1 516.4 585.3 640.5 836.7 51.51 45.3 40.4 Agriculture 

3.5 3.7 4.1 4.6 11.9 11.6 0.1' 0.2 0.3' Mining 
54.0 91.3 107.2 136.3 109.0 110.7 4.7' 6.9 9.0d Manufacturing 
42.7 46.3 61.0 65.0 55.4 63.4 6.3' 5.4 4.4' Construction 
27.9 30.4 16.6 20.9 430 43.6 4.3' 3.6 2.3 d Electrict*., gas, and water 
64.7 

242.1 
92.2 

263.1 
74.6 

271.5 
69.4 

354.4 
159.9 
246.3 

167.3 
273.4" 

7.4' 
10.2' 

7.2 
16.0 

7.8 
21.1 d 

Transport and communications 
Trade and finance 

152.7 165.9 127.9 151.2 .. ' 7.8' 10.4 13.3d Public administration and defense 
12.6 13.3 12.1 12.9 404.5 455.0 1.7' 3.0 1.4' Other branches 

1051.9 1142.3 1193.6 1422.0 1672.5 1966.1 100.0' 100.0 100.0 GDP at factor cost 
46.3 50.3 52.6 86.6 104.4 122.9 4.4' 4.4 5.3 Net indirect taxes 

109E.2 1192.6 1246.2 1510.6 1776.9 2091.0 104.4' 104.4 10o.3 GDP at market prices 

imillions of Sudanese pounds' Average annual growth rate (percent) 
413.2 500.1 480.4 585.3 545.3 536.0 .. 6.2 Agriculture 

Mining' 
135.6 103.5 129.4 160.9 180.7 193.1 . .. 6.6 Manufacturing 

71.4 66.9 101.4 73.4 80.7 94.3 ., 5.7 Construction 
26.4 26.9 17.7 21.0 22.0 23.3 .. -4.7 Electricity, gas. and water 
95.7 101.6 109.3 100.3 105.6 116.1 1.5 Transport and communications 

263.1 293.6 316.3 369.3 396.2 419.3 8.1 Trade and finance 
212.2 213.7 220.9 200.5 201.9 244.2 1.3 Public administration and defense 

103.3' Other branches 
1240.6 1307.0 1476.7 1510.5 1535.4 1626.3 . . 5.4 . CDP at factor cost, 

Net indirect taxes 
1240.6 1307.0 1475.7 1510.65 1535.4 1626.3 5.5 1.3 5.4 CDP at market prices 

(millions of Sudanese pounds' As percentage of GDP 
1091.6 1164.9 1235.6 1491.3 1742.4 2051.7 99.7h 99.3 98.8 GNP 

-6.4 -7.7 -10.4 -19.5 -34.5 -39.3 -0.3h -0.7 -1.2 Factor payments to abroad (net' 
1096.2 1192.6 1246.2 1510.6 1776.9 2091.0 100.0" 100.0 100.0 GDP 

134.2 195.0 306.6 416.6 454.0 519.5 .. 13.8 20.9 Imports of goods and N.F.S. 
125.6 172.0 159.5 179.3 242.3 272.3 12.5 12.6 Exports of goods and N.F.S. 

1106.6 1215.6 1393.5 1750.1 1986.6 233.2 96.11 101.3 106.1 Total resources 
689.5 944.9 983.7 1277.3 1440.5 1764.2 86.1h 79.9 80.6 Private consumption 
141.0 165.5 180.5 207.6 231.4 255.0 5.5 11.1 13.7 General government consumption 
76.1 105.2 229.3 265.0 316.7 319.0 6.5h 10.3 13.6 Gross domestic investment 

imillions of Sudanese pounds) Average annual growth rate (percent) 
1233.7 1299.2 1466.0 1491.3 1506.0 1595.4 .. 1.3 5.2 GNP 

-6.P -7.6 -12.7 -19.5 -29.4 -30.9 Factor payments to abroad (netl 
1240.6 1307.0 1476.7 1510.6 1535.4 1626.3 5.5 1.3 5.4 GDP 

220.0 270.6 374.1 416.6 407.0 447.0 1.7 12.0 Imports of goods and N.F.S. 
157.6 215.0 164.4 179.3 237.3 192.5 66 -0.1 Exports of goods and N.F.S. 

1272.6 1362.6 1686.4 1750.1 1705.1 1880.8 0.7 7.5 Total resources 
913.5 969.6 1212.9 1277.3 1240.3 1432.3 -1.2 10.2 Private consumption 
212.2 215.0 204.5 207.6 166.6 202.3 12.1 -4.5 General government consumption 
147.1 176.2 271.0 265.0 276.2 246.2 -1.3 9.5 Gross domestic investment 

tmillions of Sudanese pouds, As percentage of GDI 
76.1 105.2 229.3 265.0 316.7 319.0 100.0" 100.0 100.0 Gross domestic investment 

Gross national savings texcluding 
net current transfers from 

61 3 74.5 71.6 6.2 70.5 32.5 125.4' 80.1 32.6 abroad, 
-14.6 -30.7 -157.7 -256.6 -246.2 -286.5 25.4' -19.9 -67.2 Net balance of goods and services 

Gross national savings (including 
net current transfers from 

63.7 75.3 76.6 22.0 77.5 39.5 .. .. 35.4 abroad 

Average annual growth rate (percentI Consumer price tar retail pricet 

115.0 132.6 167.2 207.2 210.6 246.0 4.5 2.6 15.3 index 
104.3 120.6 153.7 177.4 -0.9 2.3 13.5' Wholesale price index 
106.7 112.0 103.6 122.9 142.1 158.0 .. 3.7 6.3 Implicit GDP deflator 

(annual average) 
0.346 0.346 0.346 0.346 0.346 0.348 Foreign exchange rate 

Source: World Bank. 1980. 
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Table 2. Agricultural Production
 

PPOnitrTION pv Cn""onii' VALUE Avr Impmrs Pr TOlL ArkFIULTURAL ANn rnn" kODUCTION, AvrNAIr Iq6-65, AP'.3lL I-PNI-AL 

PRICE AVERAGr
 

COPKODITY WEICHT Iqf-9l q70 1"71 1077 1.1? 1-74 1n" in?' 1977 I?7A lTq 

DOLLARS- ------------------------------ ----1000 rTPTr TNq ---------------------------------------------

U4EAT 46 30; 115 163 141V 102 . 169 22A4nn 311 15S 
CORN 47 17 7 2Z :9 I n 40 4a 95 I 54 6 

wILLrT 65 303 460 325 355 3,FP 434 444 q03 46P qn1 557 
SORGHUM 47 1 925 19529 2.lsX .0nP 16, 4 1,721 1.744 2.n"26 9on 2,017 7040p 
DULSES "I I1T 200 ?00 200 inn 71 74 77 "n n2 n2 

rASSAVA 16 120 1 q 134 13# 1411 'O 1 3n 1 1 131 13) 
O'4IONS 56 5p 70 70 T ?0 In 21 34 141% 35 
C3TTON 651 19? 252 237 24P 23q 223 226 113 1!; 2nl 1"2 
rOTTONS[FE 61 300p 47 40 A(-1 4'A 4!7 421 ?10 201 370 2R6 
07ANUTS, IN S'4EIL 11

Q 
256 31 3qq 919 14 5qq q31 077 sci 1.1321 P21 

';SAME sr9sr o?,)y 1cq 771 ,q0 245 234 25I 23n 24" 245 220 
n


MRANGES 52 9 7 7 7 7 2 41 4 43 44 22 
'ATS q 41 5 q 50 50 Sn Q2 n2 1I Inr Ina 7? 
-EATS 34Q ?a 110 120 120 12 3no 327 35) 3bO 372 375 

'ILK s0 1,774 1.070 ,I00 2, 1,I35 
3 
12 17. 1,445o 1,R4 9 10 1,92P 1,412 

AGGRTGATES OF POnUTION ---------- --- I1tOfN DOqttI* AT tONqTANT PnIrrS ...............--------------


CROPS 2A2.4 4111-n 4,qI.1t 411 .1 A f 41c;.7 46,9.1 379.5 437.1 400.4 4'12.3 
LIVESTOCK 134.0 150.6 tl4.7 154.7 154. 1A5.7 12.p 1 I.q lr'.2 214.5 217.s 
TOTAL AGAIrUL'URr 416.' 9T0.6 90p.0 5;6.0 551.6 601.4 657.9 5111.4 625.3 blq.q 'fn.' 

TOTAL FOOn 313.P 403.9 4'0.6 400.p 3,1 4r.3 rn1-, 9f7 .4 273.1 so..q 544.1 

14DICES Or PPnlnUTInN (lq6l-6, r 1nO 

CROPS I00 14q I 14. 142 147 1 % 14q q 179 1f0
 

TOTAL AGRICULTURt 1na 137 141 1" 232 144 1-1 14, 19n I. 7 Is
 
TOTAL FOOD IO 10q I!I 13 0 126 14% A? I147 1?Q
162 I73 

PEP CAPITA AGbTrULTURE 1o 13in 11n 1p in7 114 1." I"6 111 121 114
 
PER CAPITA For'o 1fr 111 11 I:T 102 15 147 l'2 123 13r 12?
 

'EDE[ OF POPULATION
 
1961-65 POPULNTT0"1 170OP0.000 109.0 116.2 a.7 121.1 123.q 176-.'S 17q.4 132.2 139.; 17T.9 3q-0.
 

Source: USDA. 1980.
 



Table 3. Exports of Selected Crops 

(quantity in 1.000 tons. value ink5 millions) 

Crot Conan Dura" Ilei Groundnuts Serane Gum Arabic 
lear Q v Q V Q V Q v 0 v Q v, 

1965 117 31 112 2 5 .164 159 9 71, 5 58 7.5 
1966 143 35 79 1.8 6 .180 108 7 167 6 56 7 

1967 1,-2 41 .5 .02 .7 .03 109 6 75 6 52 8 
1968 184 48 55 1.1 2 .056 88 5 85 6 51 8 

1969 172 49 2 .4 1.2 .037 82 6 112 8 49 9 

1970 232 65 2 .6 2.6 .116 69 5 82 9 47 9 

1971 241 69 37 1.1 1.7 .077 121 9 86 8 43 8 

1972 248 74 55 1.7 5.6 .214 114 9 86 9 44 9 

1973 226 81 102 3.1 6 .214 138 13 104 11 36 8 
1974 103 58 98 4.8 4 .174 130 18 108 21 31 14 

1975 144 66 48 2.4 3 .133 206 34 57 12 15 7 

Source: Waterbury. 1979. 
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Table 4. Composition of Labor Force by Sector, Skills
 

(From 1973 Census; All Numbers in Thousands)
 

B",tcor.ric Aitlv.:v Urban Total Sudan
 

Agr .:tre 
 140 18% 2,253 651
 
Min-ing and curr:nc 
Maufacrurlnc 0 12 135 4
 
Eleczricity, gas and water 19 35
 
Construcmion 
 38 5 69 3
 
Whclesale, retail trade, restaurants and hotels 107 14 186 5
 
Transport, storage and communications so 11 129 4
 
Financing, insurance real estate and business services 
 4 1 4 -

Community, social and persona2 services 229 30 380
 
Not adecuately classified 
 53 7 259
 

Total 
 761 100% 3,453 100%
 

By -Dkill Tve 

Professional, technical and related workers 
 52 7% 92 3%
 
Administrative and managerial workers 
 5 1 12 -

Clerical and related workers 
 35 5 46
 
Sales workers 

10
77 144 4
 
Service workers 
 148 19 241
 
Agricultural workers 
 127 16 2,21C 54
 
Production and related workers 211 28 366 11
 
Workers not classified by occupation 106 14 342 10
 

Total 
 761 100% 3,453 100%
 

By Emolovment Status 

Employer 
 17 2% 98 3%
 
Self Employed 
 243 32 1,914 55
 
Employee 
 451 60 907 26
 
Unpaid Family Worker 
 9 1 325 10
 
Unpaid Other 
 1 - 2 -

Unemployed 
 40 5 207 6
 

Total 761 100% 3,453 100% 
By Marital Status 

Married 
 254 33% 835 24%
 
Unmarried 
 459 60 2,335 68
 
Widowed 
 21 3 162 5
 
Divorced 
 26 4 120 3
 
Unknown 
 1 - i -

Total 761 100% 3,453 100%
 

By Education
 

Uneducated 
 343 45% 2,413 70%
 
Koranic School 
 79 10 379 11
 
Primary School 
 211 28 479 14
 
General Secondary 
 63 8 91 3
 
High Secondary 
 *42 6 64 2

Uiversity 14 2 16 
:-7.st Graduate 6 1 7 -
Other 2 - 3 -
Unknown 1 -

Total 
 761 100% 3,453 100% 

Source: U.S. AID. 1978.
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Table 5. Estimated Size and Urban-Rural Composition of Labor Force - 1973
 

(thousands)
 

Narrow Concept Broad Conceot 

Male Female Total Male Female Total 

Low Estimate 
urban: Age to 15 51.5 10.9 62.4 64.3 27.3 91.6 

Over 15 615.8 48.0 663.8 615.8 60.0 675.8" 
Total: 667.3 5R.9 .6.2 680.1 87.3 767.4 

Rural: Age to 15 672.8 58.7 731.5 731.3 440.1 1171.4 
Over 15 2927.1 323.0 3250.1 2927.1 1937.7 4864.8 

Total: 3599.9 381.7 3981.6 3658.4 2377.8 6036.2 

TOTAL: 4267.2 440.6 4707.8 4338.5 2465.1 603.6 

Hich Estimate 
Urban: Age to 15 77.2 27.3 104.5 96.5 54.5 151.0 

Over 15 629.8 60.0 689.8 629.8 72.0 701.8 
Total 707.0 87.3 794.3 726.3 126.5 852.8 

Rural: Age to 15 731.3 146.7 878.0 789.8 586.7 1376.5 
Over 15 3022.6 387.5 3410.1 3022.6 2066.9 5089.5 

Total 3753.9 534.2 4288.1 3812.4 2653.6 6466.0 

TOTAL: 4460.9 621.5 5082.4 4538.7 2780.1 7318.8 

Swmmary of ILO Data shown above 
Percent Male Percent-Male 

Percent Urban in Urban Areas Uverall 
Narrow Broad Narrow Broad Narrow Broad 

Low 15.4% 11.2% 92% F7% 91% 64% 
High 15.6% 11.7% 89% 85% 88% 62% 

Source: U.S. AID. 1978.
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Table 6. 

EXTERNAL TRADE 
(IS millionl 

1971 1972 1973 1974 1975 1976 1977 1978 1979 
Imports C . 123.7 123.1 151.8 228.4 332.9 341 .4 376.5 449.5 477.3 

xportsf.o.bA . 15.2 123.3[ 152.2 122.0 152.5 193.0 230.2 202.3 232.7 

Excludino .mports of crude petroleum ('S3i,:2oooo in 1976). 
I Exc;uding exports ol camels (S2, 4 20,oOO in 1971J. 

PRINCIPAL COMIODITIES 
(S'ooo) 

IMPORTS 1977 1078 1979 EXPORTS 1977 1978 1979 

Sugar. 13.440 18,930 20,470 Animals 4.53 ,310 7,0 
Tea .6,5t ' 17,398 (,.S5 Cotton, long-staple 00.044 71,29 4 93,658 
Coffee .. t,95 5 1,50-8 Cotton, others 31.-5 5 33,72 I 57.632 
Wheat 6,, w10 ,zo - .8 22.00 Cottonseed . 
Textiles 28,232 3 7,3 O 26,723 Cottonseed cake And meal 2,727 1,tl0 f 635 
Footwear (1i 88 50 Sorghum (Durra) . 4,767 2.66.1 13.524 
Sacks and jute 3,577 4.544 5,300 Groundnuts 28."13 20,725 9.956 
Fertilizers 3,370 433 5.969 Groundnut cake and meall -,9-7 3-773 4,307
Machinery . 22 -. 19 ,11955 20c,796 Groundnut oil . . 3,138 7,.1T': 3556 
Tyres • -57 9 9,657 11,273 Gum aTaboc . . . 23 007 13 .', 18.247 
Petroleum products 44.354 49,953 71,F89 Hide; and skins 4 36! 3.J)O 3,11e 
Pharmaceuticals .o.156 14,527 1o, 5 's Sesame seed 1.258 19..- 7 
Iron and steel . 8 32- 8,750 8,759 Sesame cake and meal 2,182 1,330 1.32C 
Transport equipment 39,6.5o 57,510 70.956 Sesame oil . . 34 1,225 460 
Metal manufactures 20,759 32,855 42,217 I 

Source: Europa. 2981.
 

Table 7.
 

PRINCIPAL TRADING PARTNERS
(LS 'o0o) 

IMPORTS 7 ExPORTS 

1977 __178 1 W 1977 1978 2979 

Belgium . 24862 12,271 10,938 2,527 2,221 2.100 
China, People's Republic 10,288 22,349 19,623 19597 21,032 40,748 
Egypt 4,816 9.043 15,22F 2:309 12,445 5.27. 
France 29.710 36.454 33.524 22,993 14,99' 8,453 
Germany, Federal Republic 44,321 44,126 50.900 26,.42 8,823 9,575 
India 17,097 21,356 10.o93 20,504 7.940 785 
Iraq 39,459 33,212 6,899 70S 349 49 
Italy . .16.754 24,573 19,-25 21,376 27.159 30,672 
Japan . 39.989 29,327 30.445 17,96 0 16,578 1G,27S 
Netherlands 17 14,085 -,427 4 ,98So.7 1 5,P29 3.259 
Poland 1.352 1.526 4,274 5,036 4 .,7S2 2.950 
U.S.S.R. 1,943 k30 307 7.944 6.850Q 10.484 
United Kingdom .5,065 71705 67,772 7,375 4,902 6.315 
U.S.A, . . . . 24,349 3266 39,439 5.0 ' 8 4,642 5,683
Yugoslavia 3,00 4,075 7,470 13.537 12.207 14.545 

TOTAL lincl. others) 376,484 449.464 477,31 230,181 20-2-341 232,67 

Source: Europa. 1981. 
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Appendix IV
 

Minerals and Water Resources
 

Table 1. List of minerals and number of occurrences in
 

Sudan
 

Figure 1. Mineral locality map
 

Figure 2. Natural yield of the Nile at Aswan
 

Table 2. Discharges of the Nile and selected branches
 

Table 3. Percentage of total flow passing salient points
 

Table 4. Annual discharge of Lake Albert at Mongalla
 

Table 5. Lag between Mongalla and Malakal of maximum and
 
minimum discharges
 

Table 6. 	 Assumed open water evaporation and rainfall in the
 
Sudd
 

Table 7. Geography and hydrology of the main swamp rivers
 

Table 8. Limnological characteristics of swamp rivers
 

Table 9. Recharge Estimates and Transmissiblity
 
Calculations in Kordofan
 

Table 10. 	 Residual Drawdown and Recovery Data for Well No.
 
1834, Gash River Basin
 

Table 11. 	 Specific Capacities of Some Wells in Gash River
 
Basin
 

Figure 3. 	 Reference map of Darfur Kordofan border area (for
 
Table 12)
 

Table 12. 	 Chemical analysis of groundwater in Darfur and
 
Kordofan
 

Figure 4. 	 Wells and oases of northern Sudan
 

Figure 5. 	 Standing water level contour map, el Gezira
 

Figure 6. 	 Total dissolved solids, ppm map, el Gezira
 

Figure 7. 	 Proposed Upper Nile Projects
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Table 1. List of Minerals and Number of Recorded Occurrences in the Sudan
 

Minerals and non- No. in 
mtallic minerals Fig I 

Gold 
Silver 


Copper 

Lead 

Zinc 
Tm 


Precious metals
 

1-74 

75-76 


Non-ferrous metals
 

77-108 
og-115 

lo9 


i16-.17 

Aluminium
 

Iron and fro-alloy metals
 

Iron 

MN=gnse 

Chrome 

Molybdenum 
Tunsmen 

Arsenic 
.Magnesium 

Uranium 

Columbiim 
Titanium 
Barium 


118-131 

132-159 
16o.-66 

i67-169 
170-173 

Minor metals 

2 

174-176 
177-178 


179 
Igo 

181-183 


No. of 
localites
 

74
 
2 

32 
7
 
I 
a
 

14
 
a8
 
7
 
4
 
3
 

1 

3
 
2
 

1 
I 
3
 

Non-metallic minerals and substances 
Clay
 
Kaolin 

Fluorspar 

Talc 
Building stones 

Sand and gravel 

Cement 
Gypsum 

Lime 

Magnesite 

Vermiculite 

Wollastonite 


Asbestos 

Pumice 

Diatomite 
Mica 

Salt 

Natron 

Abrasives
 
QLyar 

Glass asnd 

Paints and pigments 

Phosphorie 

Gemsones 


z84-185 2 
x86 1 

187-189 3 
90-195 6 
196-397 	 2
 

29&-199
2 

200-211 12 
212 

213-214 
215-2z6 2 

217 1 
238-219 	 2
 
220-221 2 

=22-223 2 
224-228 5 
229-230 2 
231-233 3 

234-235 2 
236 1 
237 1 
238 1 

239-240 	 2
 

Source: Whiteman. 1971.
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Figure 2. Natural .Yield of the Nile at Aswan by Hydrologic Year, 1870/71-1975/76
 

Source: Waterbury. 1979.
 

Table 2. Discharges of the Nile and Selected Branches
 

Annual TotAh In Millni ofi tubic meUes 

MNllUds ofCubic perday (trotu JO-d*y mea~g) 

Site 	 Period Ietres iPan Absolute 

Min. I M a h . IMax 1 1 , 

Lake Albert . 190-34 120 230 454 547 751 278 163.8 
Bahr el Gebel at 

Mongallu . 1005-34 153 285 558 586 1150 268 2450 
Bahr el Gebel at 
Mouth 1024-34 B6 94 101 230 280 195 292 

Bahr elGliazal at 
Nuuth 1023-34 05 0.6 10 005 4-3-13 78 

Bahr el Zeraf at 
Muuth . . 190 -34 2.8 45 91 94 160 47 29-2 

Swamr Ditciiarg. 1905-34 104 141 20.7 32.7 471 20.9 66.1 
Sobat Rtiver at 

M uth 1905-34 9.f6139 231 53 734 22 1080 
%l'iw Nile at 

Mlulkul . 1905-34 226 284 444 436 114 283 168-0 
Blue Nile at 

Khnrtumn. 1900-34 25.7 53.2 70.2 8.8 607.0 3.7 934.0 
Main Nih. at 
Tamanit . 1911-34 402 774 1070 505 6490- 267 8800 

River Atbara at 
Moutli 1903-34 4.9 124 27.0 Dry 241-0 Dry 547-0 

Aman Natural 
River . 1871-1932 45-5 9M-2 1390 47-5 861-01 23-9 124-0 

Source: 	Newhouse. 1939
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Table,,5. Lag Between Morngallsand JMalakcal of *4axiiaur and MiSnimum Discharges 
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Appendix V
 

Soils Data
 

Table 1. Temperature Data of a Khartoum Soil
 

Table 2. Soil Moisture Storage at Three Stations
 

Figure 1. Reference map for location of soil profiles
 

Table 3. Selected Soil Profiles along Nile
 

Figure 2. Location of Principal Improvement Schemes, 1971
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Table 1. Temperature Data of a Khartoum Soil 

A. Soil Temperature Means in 0C, 1958-62
 

Mor-th J F M A M J J A S 0 N D
 

Depth in cm 

1 ... . 31.0 32.8 37.8 43.2 44.3 44.9 39.5 38.0 40.6 41.1 37.2 32.7 

2.5 .. 30.1 31.2 36.2 40,8 42.7 43.4 3b.4 36.6 38.7 39.1 35.5 32.0 
5 29.3 30.6 35.4 40.3 42.0 42.9 38.3 36.2 381 38.4 35.0 31.4 

W 29.0 29.7 34.1 38.6 40.4 41.2 37.3 35.5 37.1 37.6 34.2 30.7 
20 . . . 27.8 28.1 31.7 37.6 37.6 39.2 3S.7 34.4 36.0 36.1 33.1 29.9 
50 .. 29.0 29.3 31.8 35.2 37.2 38.4 36.5 34.7 35.8 36.1 33.6 30.6 

100 .... 30.2 29.8 31.4 34.0 35.9 37.1 36.3 34.6 35.3 35.8 34.4 31.8 

Source: Buursink. 1971. 

B. Soil Ttperature Variation in 0 C, 1958-62 

Deupth Yearh' Mnnthl. mean Ahbolute )iflerence 
,w cm mcani HI-hhest Lowest Maxima Minima 

.. . . . . . . .. . 29.6 33.7 23.7 47.7 5.2 42.5 
1.. ......... ... 38.5 65.3 20.7 73.0 12.0 61.0 

2,; . . . . . . .. . 37.0 56.2 20 5 65.5 12.7 52.8 
.; . . . . . . . . . . 36.5 52.) 20.9 61.0 13.5 47.5 

10 . ......... ... 35.5 4h.6 22.7 50.5 17.2 33.3
 

20 ............ ... 33.8 40.4 25.4 44.3 22.0 22.3
 
) 	 34.0 38.5 28.8 39.8 25.8 14J) 
.. . . . . . ... . 33.) 37.2 29.8 3S.5 27.9 10,( 

Source: Buursink. 1971.
 

Table 2. Soil Moisture Storage at Three Stations, 1957 (in mm)
 

, nnth J F M A M J J A S () N 1)
 

,latonn
 

Setnar ,.. 3 2 1 0 0 0 0 11 9 6 5 4
 
Smia 7 4 2 1 0 0 4 55 46 29 17 11
 

knwcires . . 19 12 4 1 0 0 28 115 127 83 51 32
 

Source: Buursink. 1971. 
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Table 3. Selected Soil Profiles along Nile
 

Sample Site 

15 1 

16 1 

21 2 

22 2 

32 3 

33 3 

41 4 

42 4 

51 5 

67 6 

71A 7 

77 7 

Source: Bursink. 

Landform 


Foot of inselberg 


Foot of inselberg 


Nile terrace 


Nile levee 


Nile levee 


Backswamp 


Nile terrace 


Nile levee 


Lower Nile terrace 


Nile terrace 


Lower Nile terrace 


Upper Nile terrace 


1971.
 

Vegetation
 

Few Dalbergia melanoxylon, few Acacia
 
mellifera
 

Dominant Acacia mellifera, very few
 
Acacia seyal, very few Balaniten
 
aegyptiaca
 

Sparse Hyphaene thebaica, Calotropis
 
procera, and short grass cover
 

Few Balanites aegvptiaca, Adansonia
 

digitata, Acacia seyal
 

Sparse Acacia seyal
 

Dryland ctltivated
 

Dryland cultivated
 

Short grass
 

Desert scrub
 

Sparse Acacia tortilis
 

Sparse grass
 

None
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Laboratory Data Profile No. 15 

Depth, Horizon , 'art icle size distribution (p) % 
cm >2 mm Rand silt cliy 

2000- 200- 50- 20- 2

20n 50 20 2 <2 0.2 <0.2 

0- 10 ..\1 1. 30.; 19.8 12.4 8.6 28.7
 
10- 25 A2 2F 19.3 207 7.2 8.7 44.1
 

25- 65 Bi 25 18.0 12.3 7.5 8.7 53.5
 
65-10. It 25 13A, 13.3 6.7 7.8 58.3
 

105-15 112 25 12.0 10.7 7.1 14.7 55.5
 
15n-1 0 Cca 11 10.2 9.,) 8.3 10.0 61.6
 

B.D. Or-anic CaCO2 Gypsum pH Clayminerals 

(Q matter equi% 1 : 5 Mit h1i vm Chi K Q 
per C 
c: ,, C/N 

1.33 20 	 - 6.7 xxxx x xx t 

1.18 22 	 - 6.8 xxxx x xx t 
0.62 	 14 - 6.8 xxxx x xx t 

- 6.9 xxxx x xx t 
- 7.0 xxxx x xx t 

3.4 7.9 xxxx x 	 xx t 

Catlon Extractable cations, mttlfI(X j! E1.xch. SAtitration extract, lE.. 

Slih Ca I< Na mmlhi,Sum N| Na soluble (meq 11) 
cap Ca M Na per cm 

28.1 20.5 13.3 6.7 (1.5 

3h 3 25, ( 16.2 9.4 (1.3 

37.2 28.1 18.0 9.7 0.4 

3 (1i 30.7 19.7 10.5 (. I 

41.2 33.3 21.6 11.2 0. 

4(7 41.2 27.4 13.3 .3 -

Watercxtract 1 :5. soluble (mcq'1NN IL) 	 E.C. 
mml,cations anions 

(a INg! K Na Sum Sum CO' HCO, C1 SO, NO0, per Vil 

l1.2 (0.2 t 0.4 0.4 - 0.4 t I.1 

(I.1 	 01 (1.1 0.3 0.2 - 0.3 t .1 

.1 0.1 0.1 0.3 0.1 - 0.1 t I (.I 
0.1 	 0.1 0.1 0.3 0.2 - 0.2 t 0.1 
I 0.1 0.1 0.3 0.4 - 0.4 t t 1 0.1 

0.4 014 0.2 1.0 1.2 - 1.2 t t 	 0.2 
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Laboratory Data Profile No. 16
 

l)epth, Horizon % Particle size distribution (/1) 6 
1,l >2mm sand silt clsy 

2n0- 2n- 50- 20- 2
200n ;11 2n 2 <2 0.2 <0.2 

0- 15 All 18 R.6 6.9 9.8 13.7 61.0
 
15- 50 A12 16 7 R 7.9 6.2 15.5 62.6
 
.;n- 8n AC 12 9.5 7.4 6.5 14.8 61.8
 

RO-110 AC? 8 9.1 6.6 6.6 13.5 64.2 
II0-!-(1 AC: 4 (.3 5.3 5. 14.8 68.1 
I 50-175 C - 6.2 5.2 9.5 13.1 66.0 

11.1). Organic CaCO G, sum pH Clavminerals 

(U matter equi%. %,, 1: 5 Mt Mi Vm Chi K Q 
per C 
cc) ",, C,:N 

0.98 32 - 7.0 xxxx xx t 

0.73 27 - 6.8 xxxx xx t 
-. 7.2 xxxx xx t 

- 7.4 xxxx xx t 

7.8 xxxx xx t 
- 7.9 xxxx xx t 

Cation Extractable cations, meq/100 g Exch. Saturation extract, E.C. 
exch. Sum Ca Nig K Na Na soluble (meq/1) mmhos 
cap, Ca Mg Na per cm 

49.0 36.0 16.9 18.6 0.5 t 

49.1 36.1 18.2 17.6 0.3 t 

49.5 36.8 19.0 17.3 0.2 0.3 0.6 
49.1 39.4 21.3 17.3 0.3 0.5 1.0 
52.4 44.1 24.8 18.3 0.4 06 1.2 
56.2 49.7 28.1 20.5 0.4 0.7 1.3 

Waterextract 1 :5, soluble (meq/lO0 g) E.C., 

cations anions mmhos 

Ca Ig K Na Sum Sum CO HCO, Cl SO 4 NO per cm 

0.1 0.2 t 0.1 0.4 0.3 - 0.3 t t t 0.1 
0.1 0.1 t 0.2 0.4 0.5 - 0.2 0.1 0.2 t 0.1 
0.1 0.1 t 0.3 0.5 0.3 - 0.3 t t t 0.1 
0.1 0.1 t 0.4 0.6 0.6 - 0.5 t 0.1 t 0.1 
0.1 0.2 t 0.6 0.9 1.0 - 1.0 t t t 0.1 
0.2 0.4 t 0.7 1.3 1.3 - 1.3 t t t 0.1 
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Laboratory Data Profile No.21
 

Depth, Hnrizon ' Particle size distribution (/p) °o 
cm >2mm sand silt clay 

2000- 200- 50- 20- 2
200 50 20 2 <2 0.2 <0.2 

0- 25 AI - 1.1 7.0 41.3 23.7 26.9 3.1 23.8
 
25- 43 CI - 0.1 8.1 37.7 33.0 27.4 3.7 23.7
 
43- 70 C2 - 0.1 0.9 38.2 34.4 26.4 3.6 22.8
 
70-124 C3 - - - 27.2 50.0 22.8 2.3 20.5
 

124-190 C4 - 0.1 0.2 31.1 38.5 30.1 0.8 29.3
 

Elemental composition 

Sio) AIO., Fe20R TiO, CsO MgO K2O 	 Loss on Ba Co Mn Ni Sr Zn 
ignition 

weight pet centages 	 ppm 

51.0 14.5 10.8 2.1 6.7 2.6 1.4 	 8.2 270 32.5 1080 37.0 276 105.0 
45.5 15.2 11.1 2.1 6.7 2.6 1.2 	 8.3 570 32.0 1005 37.0 276 104.0 
44.6 15.5 11.3 2.2 6.7 2.6 1.3 	 7.4 575 47.0 1220 47.0 357 97.5 
42.5 15.4 11.3 2.2 7.1 2.5 1.4 7.7 445 45.0 1240 53.5 276 111.5 
489 15.3 11.1 2.2 6.7 2.4 1.4 7.7 410 31.0 1240 68.5 282 112.0 

B.D. Organic CaCO, Gypsum pH Clayminerals 
(g matter equiv. 1: 5 Mt Mi Vm Chi K 0 
per C a 
cc) .1, CIN 

1.34 1.41 13 3.8 8.3 xxxx t 	 xx t 
1.32 0.98 13 4.9 8.4 xxxx t 	 xx t 
1.47 0.90 3.8 8.5 xxxx t 	 xx t 
1.27 0.83 4.6 8.5 xxxx t 	 xx t 
1.26 0.62 4.7 8.5 xxxx t 	 xx t 

Cation Extractabl.- cations, meq/100 g Exch. Saturation extract, E.C. 
exch. Sum Ca Mg K Na Na soluble (meq/1) mmhos 
cap. CS Mg Na per cm 

33.8 35.1 28.5 5.2 1.4 t 

36.7 39.6 33.3 5.4 0.9 t 

36.0 37.5 31.2 5.2 1.1 
37.7 38.2 31.9 5.6 0.6 0.1 0.3 
36.9 40.4 33.5 5.8 1.1 t -

Waterextract 1 5,soluble (meq/100 g) 	 E.C., 
atiolls anions mmhos 

Ca Mg K Na Sum Sum CO3 HCO, Cl so4 NO, per cm 

0.7 0.2 t 0.2 1.1 1.2 t 0.8 t 0.4 t 0.3
 
0.7 0.2 t 0.3 1.2 1.1 t 0.7 t 0.4 t 0.3 
0.4 0.1 t 0.1 0.6 0.8 t 0.6 0.2 t t 0.2 
0.4 0.1 t 0.1 0.6 0.6 t 0.6 t t t 0.1 
0.4 0.1 t 0.1 0.6 0.6 t 0.6 t t t 0.2 
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Depth, Horizon "o Particle size distribution (p) 0, 

cm 	 > 2 mm sand silt cday 

20O- 200- 5n- 20- 2
20 50 20 2 <2 0.2 <0.2 

0- 18 Al - 64.'9 24.1 4.0 2.2 4.3 1.7 3.1
 

19- 38 A2 - 61.2 244 5.1 0.6 8.7 2.9 5.8
 

38- 60 Btl - 53.2 15.9 4.6 2.3 24.0 1.R 22 2
 

(10- 90 Bt2 - 54.2 14.4 6.6 0.1 24.7 2.2 22.5
 

')0-120 B2 - 53.e 20.6 5.6 2.8 1".1 2.4 .. 7 

120-150 B2 - 52.4 18.9 5.1 5.7 17 0 1.q 16
 
I;)-175 C - 41.7 15.3 5.2 3.5 -'4.3
 

20-250 - 40.6 16.8 4.2 4.7 33.7 

Waterextract 1:. soluhle (meq,100 g) 	 E.C.6 

cations anions mrnhos 

Ca Ni, K Na Sum Sum CO 3 HCO3 C1 SO, NO3 per cm 

t t 0.1 0.1 0.1 t t t 0.1 t 0.1 

t t 0.1 0.1 0.1 t t t 0.1 t 0.1 
t t 0.2 0.2 0.3 t 0.1 t 0.2 t 0.1 

t t 0.3 0.3 0.5 t 0.2 t 0.3 t 0.1 
t t 0.3 0.3 0.4 t 0.2 t 0.2 t 0.A 

I t 0.3 0.3 0.5 t 	 0.2 t 0.3 t 0.1 

1 0.1 t 0.3 0.6 1.0 t 	 0.4 0.2 0.4 t 0.1 

0.1 0.1 t 0.8 1.0 0.9 t 0.8 t 0.1 t 0.2 

Elemental composition 

•iO, 	 A1203 FetO3 TiO2 Cnt) MtRO KO Loss on Ba Co Mn Ni Sr Zn 
ignition 

weight percentages 	 ppm 

82.6 6.6 1.7 0.6 0.7 0.2 1.8 	 1.0 770 5.5 184 12.0 288 14.5 

77.9 6.9 2.2 0.7 0.9 0.3 1.8 	 1.1 625 14.0 315 12.0 339 17.0 

77.7 9.9 3.9 0.7 0 9 0.5 1.4 2.7 425 15.5 220 35.0 359 24.5 

74 6 10.6 3.9 0.8 0.8 0.4 1.6 2.7 700 24.0 210 21.5 291 28.5 

74.5 9.3 3.7 0.9 0.8 0.4 1.7 	 2.0 700 24.0 930 26.0 265 24.5 

73.1 9.6 4.1 0.9 0.7 0.4 1.7 	 2.2 480 17.0 610 27.5 240 211,0 

lI.D. Organic CaCO$ Gypsum pH 	 Clayminerals 

(11 matter equiv. ".. 1:5 Mt Mi Vm Chl K ) 

per C
cc) , C/N 

X1.59 	 0.24 13 - 6.5 xxxx x 
x X1.62 0.14 12 - 6.2 	 xxxx 

1.93 0.23 12 - 6.9 	 xx x t X 

7.7 xxxx t 	 x1.92 	 

- 8.4 xxxx t 	 x1.74 
1.81 - 8.5 	 xxxi t t 

8.8 xxxx 	 x1.84 	 

- 8 v' 	 t 

Exch. Saturation extract, E.C. 

K Na Na soluble (meqt1) mmho 
Cation Extractable cations, meq/l00 g 

exch. Sum Ca Mt, 
0 Ca Mg Na per cm,cap. 

0.1 t2.7 	 1.7 1.1 0.5 

-
4.0 2.8 1.6 1.0 0.2 

8.1 4.0 0.5 t 14.6 	 12.6 

-
15.5 12.9 8.1 4.2 0.6 t 

0.5 t 9.4 8.5 5.6 2.4 
0.6 t 11.5 10.7 7.1 3.0 

19.6 	 17.8 11.8 5.2 0.7 0.1 0.5 

lt 6 17 12.3 4 7 n 8 t -



Laboratory Data Profile No. 32
 

Depth. Horizon I.. Particle size distribution (it) 0, 

Cm >2 mm sand silt clay 

2000- 200- 50- 20- 2

200 50 20 2 <2 0.2 :0.2 

0- 12 Al 12 25.8 17.4 14.2 10.8 31.8
 

12- 44 Bt Q 23.4 9.7 10.3 14.0 42.6
 

44- 85 B2 - 22.8 7.7 11.4 13.9 44.2
 

85-123 B2 - 22.8 7.8 10.4 15.6 43.4
 
123-175 C 2 20.8 7.1 13.1 10.7 48.3 

B.D. Organic CaCO, ;yp-.um pH Clayminerals 

(IR matter equi:'. . 1:5 Mt Mi Vm Chl K Q 

per C 
cc) a C/N 

1.29 11 4.6 7.7 xxxx X t 

0.73 12 3.9 7.9 xxxx t 

4.3 t 7.6 xxxx t 

4.2 0.8 7.2 xxxx x t 

1.9 7.6 xxxx x t
 

Cation Extractable cations. meq/100 g Exch. Saturation extract, E.C. 
exch. Sum Ca Mg K Na Na soluble (meq/1) mmhos 

cap. ". Ca Mg Na per cm 

27.5 24.4 18.1 3.7 2.3 0.3 1.1 1.5 
3 .0 31.J 22.7 6.4 0.7 2.1 5.5 2.9 
35.4 39.8 26.2 8.7 0.9 4.0 11.3 3.5 

36.8 33.2 20.7 7.5 0.4 4.6 12.5 3.8 
42.Q 36.0 21.3 9.1 0.4 5.2 12.1 2.3 

Waterextract 1 :5, soluble (meq,'O0 g) E.C. 

mmhos 

K Na Sum Sum CO, HCO, Cl SO, NO3 per cm 
cations anions 

Ca N12 

0.7 0.4 0.3 0.4 1.8 2.1 - 1.9 t 0.3 t 0.4 
0.5 0.4 t 3.3 4.2 4.6 - 3.2 0.9 0.5 t 0.7 

1.0 0.7 t 6.1 7.8 7.9 - 3.2 0.9 3.1 0.7 1.4 
6.5 3.4 0.1 8.1 18.0 21.5 - 0.8 0.G 18.2 1.7 3.5 
0.5 0.4 t 5.4 6.3 6.0 - 0.6 0.6 2.5 1.6 1.4 
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Laboratory Data Profile No. 33
 

Depth, Horizon 0 , Particle size distribution (y*) 0o 

cm > 2 mm sand silt clay 

2000- 200- 50- 20- 2
200 50 20 2 <2 0.2 <0.2 

(- 10 Ar - 8.8 5.6 5.4 11.9 68.3
 
1fi- 42 All - 8.0 4.9 5.P 13.2 68.0
 
42- 89 A12- Allb - 8.0 4.4 7.6 12.9 67.1
 
89-146 A12h? - 5.0 3.6 5.5 12.7 73.2
 

146-181 AC 0.8 2.8 3.2 8.6 13.5 71.8 

B.D. Organic CaCO, Gypsum pH Clayminerals 
(R matter equiv. '\ 1 : 5 Mt Mi Vm Chi K Q 
per C O 

cc) I CIN 

0.56 20 4.7 8.0 xxx xx t 
0.55 20 3.7 8.0 xX xx t 
0.54 5.3 8.5 xxxx xx t 
0.56 4.4 8.2 xxxx xx t 

10.0 0.7 7.6 xxxx xx t 

Cation Extractable catinns, meqlOO I Exch. Saturation e;;tract, EC. 
exch. Sum Ca Nip K Na Na aoluble (mcq!I) mmhos 
cap. o Ca N1 Na per cm 

70.9 65.3 51.5 10.3 0.9 2 6 3.7 
70.9 64.7 57.8 10.9 0.7 5.3 7.5 
71.4 65.0 44.3 ]1.6 0.5 8.6 12.0 
72.0 66.3 41.9 15.1 0.4 8.9 12.4 3.0 
66.6 63.0 39.4 14.5 0.5 8.6 12.9 4.7 

Wnterextract 1 :5, soluble (meq!lO0 g!) E.C. 

cations anions mmhos 

Ca Nip K Na Sum Sum CO, HCO3 Cl SO, NO, per cm 

0.2 0.1 t 1.4 1.7 1.6 - 1.6 t t 0.2 
0.1 0.1 t 1.8 2.0 1.7 - 1.7 t t t 0.2 
0.1 0.1 t 1.9 2.1 1.9 0.1 1.8 t t t 0.3 
0.2 0.1 t 4.7 5.0 4.9 - 2.3 1.0 1.6 t 0.9 
4.6 2.7 t 9.3 16.6 18.4 - 1.1 0.7 16.6 t 2.6 
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Laboratory Data Profile No. 41 

Dcpth. Ilnrr~nn P~qClIc sire dninhution f/t. 
In, .2 nm sand tit g'11 

2now- 204- so- 20- 2
2n. .!n 20 2 <2 n.2 <31.2 

(- tO U - 14 4 376 220 S2 13 24 14Q 

In- 5, I1It, - 3h 1n.8 26, 26.3 326 56 27(1 
1;-1f iOi - 03q 102 40.3 10 297 .1,.2 24i 

I0'-17M 11('2 - ('2 124 29.8 21.2 364 1.3 29 1 

Flmental compmotion 

S O, AI,01 FO(3 TO, La()C& O 

____________________________ 

eitht perctntarr" 

KO I, on 

gnition 

B. Co hin Ni 

ppm 

Sr Zn 

644 
576 
(.7 
;44 

5 

147 
15.5 

160 

(9 

101 
104 

10-

1.2 
20 
20 
21 

44 
64 
C,9 

6 

16 
2.4 
2. 

2 

1.4 
1.3 
13 

1.4 

4.1 
6.5 
6 5 
6.6 

415 
515 
610 
415 

26.5 
260 
35.0 
37.0 

R6, 
1210 
1210 

132n 

320 
49.3 
610 
745 

366 
417 
456 

79 

83.5 
112n 
130.5 
1390i 

B.D' 
(c 
per 

Orrnic 
matter 
('" 

C&CO, Gvpum 
equs , 

pH 
1 5 

CtIa+minrln 
MI ,i Vm Chl K Q 

". CN 

1.41 
1.29 
1.17 
1.13 

0.58 
0.9Q 
069 
n048 

12 
14 

24 
2.8 
27 
26 

8.5 
8.4 
8.5 
8.5 

noon 
xxxa 
xxxx 
Txxt 

on 
on 
o 
x I 

I .,Irnn E grcnciAhlr cjtm . ,ii.. i 10 s! Irh Saturtion e twirc F. . 
S.,,, C o \I K \ , N A so lub le mr 1 mmh .

, IQ A 15.1 29 333 I -

.2 13i 29 4 14 It -

17 347 29 5.3 3.4 III 3 

1% 174 31.2 6(n I 1 13 

IA ,rger* Ir;, 

Mir 

I :. noluhle (mcq INKI , 

Cation. 

K 5ur 1'in, 3.l 

in flnx 

I.r OIIC CI SO'3 N."( 

I.L 
m m -lin 

per co, 

In 

4 
1I4 

I1 

II I 

0.1 

t 0 
tII 
t 

nII 

(I 1 
02 

2 

(1 S 

i 7 

07 
1 

is 

117 

67 
ll) 

t 

1 
1 

n 6 

R h 
036 

I 

t 
n.2 

I.I 

0.1 

n 1 

' 0(.2 
n3.2 
n1.2 

11,2 
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Laboratory Data Profile No. 42
 

apal. I Ior~nn . Idnacl, we ditrhutmn III I.. 
2 ,nn. oand alI.I.,t 

2rd1, 2N- n-. 2n- 2

2410 ;f- 20 2 12 ('2 

I 1I- All A 3.', 2' 1 12 30I12 1o2 
I- 28 ..12 h 3411 33 4 2 7 4 8 7.4 2 4 22 0 
28- .t O - 33", 282 21 4 -, 32 0 28 2.2 
t-9 . tl -- 32.1 2";. II 61 330 29 31 

83. 	 41o Bi2 - 341 301', 1 H1 28 " 3J 2 21 
a C - is163 37 21 4 4 Isx I6 Ihy 

:lementacomposltmn 

'4(, -%1,0, Ft,O, T., L.,()%lrO K,)) Ix.aon Ba Co %in N, Sr Z" 
Ifiti1ion 

-eight rTnUar pprn 

619.8 6.3 3 4 0 It 5z 1.5 08 60 190 14.5 1230 27.0 396 35.35 
71.0 3.5 3.8 0 , 2' 0 5 1.3 32 225 12 5 655 205 5 49.t 
724 1.3 5 0 10 2.2 0.6 IS 4 1 205 71 415 340 67' 260 
74.1 9.0 4.7 0.1 41 06 14 ;.4 10 100 440 300 45o 431 
A7.x 87 46 0.) 4. 06 1.3 50 220 12,. 530 360 324 390 
71 8 8 4.3 0 9 1.3 4 4 

23D Organc LaCO, (.'psurnp~l Clasyminerll 
Ic miner equ,: M .%i Vm Chl K 
per C 
C.'L ., CIN
I 

1.80 0.18 16 102 9.1 x.x 	 x% 1 
1.71 016 12 1 7 91 xxx t wX I 
183 01.3 16 t4 9.3 10x. I I 
1.88 5 " Y.5 11xx T 
190 6 1 1.. xxx n 

961 74 6 1 xxxn 

Cation Extraciahi, catni. meq'l00 a Each. Saturation extract. K.C 
inch Sum Ca NI K N N a soluble(meqq mmho 
cap a My Na PC,cm 

14.1 16.3 14 5 1.2 06 , 
147 17.0 14 6 1 6 0.8 

196 21.9 174 26 1 , 
24.3 25 4 20.2 3.3 1 6 0.3 1.2 
220 23.2 280 31 2.0 0.2 0.5 
2 3 174 141 2.3 01 0.2 07 

WtrIir ct I :5. soluhle ImeollO I) 	 EC 

ctlions 	 aions mmhn 

Ca 12 K Na Sum Sum CO, HCO, Cl SO, NO, I' ,m 

0.3 t 1) 04 0.5 0.1 04 1 1 t 0.1 
04 1 0.2 0.6 0.6 1 04 0.2 t 1 0.1 
0.2 0 06 01 0.8 t 0.8 1 0.2 
0.2 n.1 0.7 10 019 0.2 0.7 t 0.2 
0.2 0.1 0.7 1.0 09 0.2 0.7 : 0.2 
0.2 0.1 1.0 0.2 0.7 a07 09 	 0.2 

220
 



Laboratory Data Profile No. 51
 

1)rpt i I nt nn Prlt It -strdmrthuimo II '. 
cl, 2 mn, .nd ,-I: cl.s 

23W x1 2n ' z3 n.2 <n2 

I-Il '1 - 77 326 162 R1 3.92 
11- 2t l - 73 207 141 131 446 
26- 4ht IIlL 06 41?2 421 1t1 I I s 1 
46- Ah IIL3 04 11 3 202 12 67 411N 
t.1I I" II'C4 116 3-,6, ;n l 13 R'4 

I In-I 4f).llL' II (1 2 2 3%2 4 '5 2C4 
1 0l7- II lL n I0k6 42 6 71-A " 8 227 

I.Irmcnm.'t
t, nm"rn$t'.tt 

()1~). , Ir, ".6 A 'I, C,() Nlr() K,1( I..Lon Ha Co N n N, .Sr Zn 

ttrtllht r'i cernlIn ppm 

395 250 7M 390 411; 120 
335 420 821 47.5 324 81 0 
355 250 350 29.5 312 305 
385 21.5 A6,0 51,S 342 5n n 
310 16.3 36n 31n 324 2k11 

I111) ( rrntr CaCO, G}spum pH Ciivmncrahl 
'C manc equt ,. I NI, I Vm Chli K 

"' C 

n,73 12 0. 7.3 noon on 
03s 14 04 7.5 .xo zo 
006 11 0.2 74 cons os I 
0.2R 04 8.0 noon nx t 
II n; 0 1 86 snic n\ t 
11IV 

CLinn Extrle,.ahlte ,l.nno. metl I (KOc Exch. .Ituraionn rotrcli. L".C 
eC5h u.um C. Mc K N. No _IuhIk Imrq rIi mmhno 
€COO,, 
 C. NIZ, PC, cm 

29.2 26.6 211 3 6 i n 1.7 
411 38.3 32.2 4 h 11 0 4 1 0 
66 64 5.3 of6 02 n1 1.5 

3z4 32.4 24n h1 04- 1., ..1 
66 ..7 4n 1 2 1 n4 6.1 

'.lerexlmoct I 5. soluhl Ineq.... l. 
Ciatt anionsmnmho 

c" Mir K N. Sunt Sum CO, HC:O. UI St), NO). PC, CMh 

04 
0..3 

0.1 
0.1 

0.1 
0.1 

OA 
0. 

06 
n t, 

.n 
01 

-
-

09 
0 

0.2 
0.1 i 

0.2 
0.2 

0.2 . t 01 04 06 - 04 02 01 nI 
n,. t 0R 0 2I - 0.8 01 0 1 0.2 

0n nA OA - 06 02 1 I 02 
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Laboratory Data Profile No. 67
 

I)epih. Horon '., 'Prteclo. I itsip do-trohutio, " 
I'm >2mm and sIlIt -II. 

2(wel- 2I- 5.- 20- 2 
2"' 90 20 2 -2 on: 2 

- .1- I."st 0tl I9 13.5 2.r 213 

14- 4t DO 30Y) 1 -,
t 22J 7 1 22~IS I '
 
.16.8R CI - 26 A .3 12.3 2.3 2t.3 1
 
46-124 CI 1) 247 441 120 64 1:6 1R Ini.
 

124-17n, IJC - 27!. 27.3 
 II 9 200 232 1 24 

I:kmenl composition 

1;10: 41,0, FtO, TiO, C'(. \Ijr Koo) Isom B C, In S o o., 

.erght p rctaer ppm 

13.3 6.7 37 08 4 n 1)9 n 

7n.6 7q 3.2 09 5 1 6420 
R1.0 F.3 2.9 07 4 ( 0 37() 8 

7.F4 ).0 3.6 0.8 3 7 n9 31
 
1,4.1 9 6.0 I I 4 4 1 1 I
 

I1D. Oru".Ic CaCO, Gr.um PH C1lmneri 
IV matter equ . I %I, \tu Vm Chi K (I 

1 73 012 8 7.1 9 S tt.,
 
174 0.10 26 87 90 
 ,s
 
1 91 4.0 0 02 q.3 w* t
 

1.87 2.7 002 .6 ittit 

1.90 4.2 0012 93 .. , 

Ls.onn 2-tracuhlc cafnrns. mrsl 12 e Exch Saturuhvon ertr1c'. . C 
Ctch Sio, U NiR K Na Np $oiuhle tmeq11 mmhn 
car Coo . N\ pet crn8 


11;F I28A 1l'' 2.1 A ;0 286 3.9 2n 748 9o 
2nt 2hA Irn 26 n 47103 . 248 122 2826, 310 
228R 263 h!,, I ' 60 625 1F.1 3 t 2nR-7 151 
I2F 1-, 11 1 1" 2 1) R 642 80 2,2k 23650n 
in4 In5- 711 4t n4 187 615 In n R 69.- "2 

Water,,, 'ict 2 mc IF.*nluhlc 1jo0itn I: , 
C.Itgllln In,,s mmh. 

LA \I K N'. Sun Sum '. HCO, CI Sl N c pe cm 

n I2 t 36F, 39 41 06 n7 2.5 n.2 01 08 
0.3 isI t 141 14, 140n 0.2 09 119 n1 0C 3n 
0.2 i202 103 In1 n.2 n9 42 47 04 20 
n.1 ) 8 1 74 n03 04 34 3.2 n2I 7 
0.1 89 6t 8.3 n4 14 3.7 2.8 t I7 
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Laboratory Data Profile No. 71A
 

)rrth. Horizon %. l.,rcle wr ditrbution or I'.. 

vnis 2 mm t.,rd slit I.,
n -  

7rm.-i- 2(an. ;(1-- 2 2

2nf1 5n 20 2 <2 n .112 

(-25 Al - 0i. hi 76 14.2 -,1A I 1 5'1, 
25- Al1 - (14 fi 7 7 14.4 714 130 5k4
 

-

5 . , Cl I nt. 69n 6 14.2 h9 7 11.2 5 ' 
0,-125 Cl I n I A4 inA 12.8 67 3 11.2 ;$-I 

12,-In C: - (1 91 0 h 139 67 4 111 W, I 

Elemental composition 

A1.0, FcO, TiOC, Cnt) N(t KOtO li-nn Bla Co Mn Ni r .n 

ianition 

weighs percentaIR rpm 

52.h 16.8 9.3 1.2 3.2 ( 1 1.3 78 305 48.0 1180 42.5 31( ln2.5 

52.7 169 94 1.5 3.2 1.2 14 7.7 245 38 5 1120 32 rn 33n -)3.o 

534 164 9,41 1.5 3. 13 1.2 7,0 295 22.5 1270 82,5 375 x4n5 

55; 17 1 9.2 1.6 3.3 I 1 1.2 .8 295 38.5 1120- 72rn 316 K 5 

557 16." 94 1.6 3.2 (1( 1.2 69 515 43.5 W)(1 8(.5 117n12 5 

TID Olrganc CACO, G'rpi,m pll CI.vminerals 

Ic matter equv . I : 5 MI'. Mi Vm Chl K ( 
per C 
ccI C!N 

0.36 20 1.2 r.I XIIX 
0


(1.37 I 1.0 9.6 'nnx I 

07 0.1 8,4 os x 

0.6 1.9 8.2 lxxx t 

1.3 0.1 8.3 xxxx t 

Cation Etroctahle cation,. Treq 1(10 Eich Saturatin extract, E.C. 
ech Slim Cs Ih K N Ns soluble ImeoqI ) mmho. 

cap Ca M1 No petrcm 

52.F ;3.2 41.3 7.7 1. 2.5 4,7 

.3-- 24 33 79 1 3 9.3 17.3 1.3 (4 23.9 21 

524 4h 287 7.1 1.6 17.2 32.8 198 5.5 117 4 128 
498 5 4 28.2 7.7 1.5 180 36.8 25(1 R7 151.1 154 

;nit ;11 169Q 79 1.7 24' 4qO 12.8 6.1 13,7 13.4 

\,atere.trlci I 5. snlle imeq Inn ci E.C, 

cowinn- anionh mmhn-
Ca M1r K N. Sum Sum CO, HCO, CI So), N) per cm 

n I n ,1 1 1 1.3 1.1 (1.1 0.8 (1.1 n. 1 0.2 

0.2 n1 3.2 3.5 3.2 0.1 1 0 1.8 n 3 0.71 
17 0.4 n1I 16.1 18.3 184 i 04 64 114 0.2 3.6 
8.8 (. (1.2 286 39.5 38.4 (1.2 6.5 31 6 1.I 5.9 
1.5 0t,6 (1.1 22.8 25 n 24.3 t 0.5 7.n 16.7 0.1 44 
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Laboratory Data Profile No. 77
 

Depth. Honn % Psuicle sit dimobution (m) 1. 
cm >2 mm snd lilt clay 

2010- 200- 50- 20- 2
201. 50 20 2 <2 0.2 <0.2 

0- 15 Al - 32.0 33'5 4.6 2.6 27.3
 
I.- 55 Bt 9 32.1 29.5 2.5 5.2 30.7
 
55- 70 IICI 30 47.3 24,1 3.4 2 S 22.0
 
7nf-12n 2C2 44 34.5 31.9 7.3 3.2 25.1 

Elememnl ompoition 

siOt A40 FcAO, TOO, CaO MWO Lmucn Be CcKO Mn Ni St Zn 

weirhi peromtam pm 

j.4 0.3 600 17.0 1000 45.0 420 40.0 
1.6 0.4 165 14.0 1450 30.0 237 41.5 
1.8 0.4 I50 21.5 90. 33.5 261 31.0 

41.7 0.4 300 18.5 670 43.5 171 14.5 

B.D. Orphic CICO, GyplUm pH Chlymineysh
 
fW matter eqw % I : 5 Mt Mi Vm Chi K
 

C . CIN 

1.80 0.22 31 0.9 7.2 mxcx t A 
1.90 0.25 31 1.0 7.4 x xxxx 

1.6 7.0 mxx t xz t 
51.2 t 7.0 xxxx t 

Caifn Extrmcuhlr cvan-, nivct Iws n I .ch Satt:riitno, c, vrt. I (
 
orch Sum (A hie K 
 Nn Ne a luhlc fmv I v ll t. 

ca.Co Nic N.1 r- cnt 

2".3 260 231 2.7 41h 06 2.2
 
32 t 306 21,n 2.1 Itt 1.2 3.7
 
224 21.2 Is 2An nl n6 277I.
 
l1i 12.8 iIn, 2 4 i I (14 3.5 
 iii 

%%mtfcvt..ur2ci I luhh" meUl(Ili -" IV. 
Otion. ailon, lllh* 

K '.%jn, (ICR , cmnC;. NI2 N. Sit. Ci I 1 CI ' t 

tI| t 0.2 0 1 n - . n. o l I i Ioil t t . A1 41 12 - n.5 0( 1 .24 i i 

2.1 0.2 t .6 2 74 - A 3 2 n it.1 ION ,. 
i. 0.3 t 24 2 3 4 1).3 I.8 08 1t i 
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24 30 36 

AAIREPUBLIC OF EGYPT RED 
LIBYA .. W$.. SEA 

CHAD 

A60 At MAXAIDR 

CENTL'AL EHOI 

AFRICAN "
 
REPUBLIC "
6- 6 

2 Qah3 
NuaHil 

ZAIR E 1. ''.-X ENYI I-'f"--' 'UGANDA ' """ 
24 30 36 

1 Tawkar 12 Az Zaydab
 
2 Qash 13 Nuba Hills
 

3 Khashm al Qirbah 14 Rahad East Bank 
4 Junayd 15 Lake Nasser 
5 Jazirah 16 Suki 
6 Manaqil 17 Jabal Marrah 
7 Jabal al Awliya 18 Wad al Huri 
8 Rusayris 19 Dali and Mazmoun 
9 Kinanah 20 Uwayl (rice) 

10 Malut 21 Zande
 
11 Sannar 22 Jonglei Canal
 

Figure 2. Location of Principal Improvement Schemes,
 

Existing and Proposed, Sudan, 1971
 

Source: Nelson et al. 1973.
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Appendix VI
 

Vegetation
 

Figure 1. 	 Vegetation Regions of Sudan
 

Table 1. Vegetation of Khartoum Province
 

Figure 2. Vegetation Map of the Fung
 

Table 2. 
 Check List of the Flora of Tozi Research Farm
 

Figure 3. 	 Sketch Map of the Vegetation in the Jebel Marra
 
Region
 

Table 3. 	 Classification of Vegetation in the Jebel Marra
 
Region
 

Figure 4. 	 Schemic Diagrams of Vegetation in the Jebel Marra 
Region 
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Drit:average rainfall !ew than 75mm per tv D tirtdaic;$avaw " %1 Lolassdfov$itaverage ramniall over 300mm . 
annum. and the vege.auon. ifany, confined A L'OJsOS: average raofall 450 to 5300mm. ConFsnng ol'small relic forest areas at Lotti.to en, 
the seasonal watercoi.ses. Cmbee,,im .ho4ua Ioarpta.,Axgiwo,.. Lboni, Talanla..-kzza and Aloma Plateau with 

revrsm.asta,roi,, .4biziaaira subsp. Cetiu znirei. Chn iobohtllm ibiaum. etc. and also 
Seini.da-crticmb ana gasisland JeneoCtpAdI. KXAqta mrgale s and IMobey.1nu including areas dened Irom lortsw.ith . bizia 
0 litcoals: average rairdAll from 75 to 25omm ;Ygia. dontana. Terminaiia gtawe,(ee,.etc..Ioka are the major tree constituents, with 'Iltx 
per annum. Scrub vegetation includes such ruPenaaspp.,Eragrostspp..P r spp.

species as Aaca tortilu and H,IPt,,'u.a spp. among the important Hill eltaion regarded ,uisolated areas .i
subp. tortlu. Lpadeta vt 
pwoiteatnca. Sairadora p erca. wi th .. rinda spp. as grasses. savanna and woodland % i.rg onegetation sut", 
thedominantgrasses;Panwmtturgdwnoccurson a PRcdatlsai:averagerainrallooto 1ooo mm. hill slopes in areas where similar communities 
the sand% soils. The major tree species are Comrerum areno longer to be found in the surroundin4 
,n at ois: average rainsail from 75 to 400 mm. Aartmanntanum and .lnogeusja lewcarptsi. with lowlands. 
Scrub vegetation includes Acan mellyera. Hiparsnia spp. as the dominant grasses. 
Cappans deciaua. ::ziptus spina- tihi and Bajiansies Vill Montan :egttaton: upland areas nilten with 
atVptiaea alongthe draina, e lines, with v Flood region temperate and tropical specie that are oni 
Schaetneelaia oac-ii and Stemta uchaemoides as A Suamp and saelland aranna: a erae rainfall 8oo known Irom similar upland Areas in Atnca. 
the dominant grasn. to Ioo mm. Includes the perennial C.pers 

paptil.w swamps ofthe 'sudd' and the seasonal. 
Ttm saranna and ,crub flooded *toich' area w ith Hipharnr ,,eoatca. 
*.n nt )miiJ. a%'.trave rainfall 28o to ... 9ailki arttliovum. Acacia it)a,..ibtrh'ana and54mM. . 
.kiia senegal .s the d(minant tree ,th .Aiiia 8manitte a itptiacc"among the ,reripecires present 
ateatanaand Era(,ictn spp asthedortinant see Jonglet Insesligauon Team. 1r3 4 ;or 
Vasses. funrner details .
 
oa(o.*s oi: averase rainfall 40t) too min. * i,.oi
Graand: average rainlall o.er mm 
Pure stands of Acacta mrnelra scrub occur Known as the Toposa area. with Hiparnenmia pp.. 
between 40o and 5oo mm with .Acaciainal and Setartaspp.. CkrspooppLmassoja =C.Oawttl, 
Ba-stris atycaa dominant in the higher var. quepIzu .Boatrao a-atuipta.etc.. 
rainfall areas. The major grainsn include among the more important KTane,. with thickets 
SchJotjldw farlu.C..rSI spp. and o .Acaci iellfrra also present. 
Btaharta .bhs'nlfe. 

Figure 1. Vegetation Regions of Sudan
 

Source: Wickens. 1976
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Table 1. Vegetation of Khartoum Province
 

a 	 Floristic Composition of 6 Stands Representing the Western
 
Clayey Desert Plains
 

b 	 Floristic Composition of 6 Stands Representing the Eastern
 
Sandy Desert Plains
 

c 	 Floristic Composition of 3 Stands Representing the Gravel
 
Desert
 

d 	 Floristic Composition of 6 Stands Representing the Khor
 
Terraces
 

e 	 Schrub Composition of 9 Stands on Khor Terraces
 

f Floristic Composition of 6 Stands Representing the Jebels
 
(Hills)
 

r 	 rare
 
o 	 occasional
 
C 	 common 
a abundant
 
va very abundant
 
d dominant
 

Source: Halwagy. 1961.
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Table la. Floristic Composition of Six Stands Representing
 

the Western Clayey Desert Plains
 

Prcse=a 

Tree%and shrub% 
Acacia ehrenbergiana Huyne............... d a o c d c 100 
Capparis decidua (Forsk.) Edgew........... - 0 r c c d 83 
Zi:iphus spina-christi(L.) Willd ............ r - - - r r 50 

Acacia seval Del.........................- - - la c r 50 

Leptadenia heteruphvlla (Del.) Dccnc........ r - - - - r 33 

Acacia tortilis (Forsk.) Hayne .............. - - - - r - 17 
Acacia raddia.7a Savi ..................... - - - - - r 17 

Undershrubs and herbs 
Chhorisprieurii Kunth .................... va va r va 0 %a 100 
Eragrostis pilosa (L.) Beauv .............. va a 0 c c va 100 
Sporobolus humifusus 

var. cordo/ans Stapr ex Massey.......... a a c va c Va too 
Dact)ylctenium aegipfium (L.) Beau,........ a va r %a C - 100 
Schoenefeidia gracdis Kunth............... c - d va C Va 83 

Trianthemo sedifulia Vis ................... - - a o c 67 
Aristida adscensionis L.................... - r c r - 67 

Panicum hvgrocharis Steud ................ r r - r - - 50 
Corchorus depresjus (L.) Christens ..........- r - - 0 r 50 

Aristida hordeacea Kunth................. - - a a - 0 

Corchorus tridens L ....................... - r - - 0 - 33 

Boerhavia diandra L ......................- r - - - 0 33 
Euphurbia grantdata Forsk. 

var. glabrata (Gay) Boiss................ - r - - - r 33 

Cassia senna L........................... - - C - r - 33 

Cjvperus rotundus L....................... c-la - - - - - 17 

Cyvperus bulbosus Vahl ...................- c-la - - - - 17 

Tribulus terrestris L ...................... - r - - - - 17 

Po/ligala erioptera DC .................... - r - - - - 17 

Eragrostis cilianensis (All) Link ex Vign. Lut.. - - - r - - 17 

Aristida mutabilis Trin. & Rupr............ - - - - Va - 17 

Panicum turgiduin Forsk .................. - - - - c - 17 

Tragus paucispina Hack ................... - - - - r - 17 

Indigofera oblongrifolia Forsk ...............- - - - 0 - 17 

Bergia suffruticosa Fenzl ..................- - - - r - 17 

P.soraleaplicata Del...................... - - - - r - 17 

Hibiscus obtusilubui Garcke ............... - - - - r - 17 

Cro alariasatiana Andr.................. - - - - 0 - 17 
Sesbania microphll Harms 

ex Phillips & Hutch ...................- - - - - 17 

Sulanum dubium Fresen ................... - - - - 0 - 17 

Sproroho/us glumcifolis (Steud.) Hochst. 

ex Dur. & Sch nz.? .................... - - - Ic - 17 

Species recorded sith no indication of frequency. 

230
 



TaDle .L. tbJorlstic composition oz 51x Stands Representing 

the Eastern Sandy Desert Plains 

Trees and shrubs 
Acacia tortilis (Forsk.) Haync .............. d d d d 0 cod. 100 
Acacia raddiana Savi ..................... a c - c - - 50
 

Capparis decidua (Forsk.) Edgew .......... - c - c d - 50
 

Acacia ehrenbergianaHayne ............... - c o - - cod. 50
 

Maerua crassifolia Forsk.................. - - 0 - - - 17
 

Undershrubs and herbs. 
Schoenefeldia gracilis Kunth............... va va c va va va 100 
Eragrostis pilosa (L.) Beauv ................ c a va c c a 100 
.4riatidafuaiiciiiataTrin. & Rupr ........... a a a r c a 100 
Aristida mutabilis Trin. & Rupr............ c o c va ,a - 83 

Aristida hordeacea Kunth ................ c c - 0 - 0 67 

Sporobolus humiJusus 
var. cordofanus Stapf. ex Massey......... c a - c c - 67 

Ductyloctenium aeg.vptiurn (L.) Beau%........ - c c c c - 67 

Chlorisprienrii Kunth .................... - r 0 r - r 67 

Trianthema sedifolia Vis ................... - 0 - C c r 67 

Trianthema polYsperma Hochst. ex Oliv .... - r r - 0 c 67 

Eragrostis cilianensis (All) Link ex Vign. Lut.. - r va - - c 50 

Euphorbia granulata Forsk. 
var. glabrata (Gay) Boiss ................ - - r - r - 33 

Tragus pauciipina Hack ................... - - - r 0 - 33 

Eragrostistremula Hochst. ex Steud. ........ - - r - - - 17 

Corchorus depressus (L.) Christens .......... - - - - c - 17 

Boerhavia diffusa L. 
var. viscosa (Choisy) Cuf ............... - - - - c - 17
 

Limeum viscosum (non Fcnzl) Broun & 
- - - - r - 17Massey ............................... 


Indigofera cordifolia Heyne cx Roth ........ - - - - - r 17
 

Enneapogon brach)ystach*vus 
(Jaub. & Spach) Stapf ................. - - - - - r 17
 

Table ic. Floristic Composition of Three Stands Representing
 

the Gravel Desert
 

Pr, cnce 

Herhs
 
Eaneapog,,, hrachy tach vus Juab. & Spachi Stapr ............. a C U 100
 
Arntida inutahilis Trin. & Rupr .............................. a c a 100,
 
A istidafunmculan Trin. & Rupr........ .................... c c c 100
 
Erugrost. cilinensis (AIII Link cx Vien. Lut ................... o c r 100
 
Boei havia diindru L.. ..................................... r c - 67
 
A ijuida adic 'u ionijs L...................................... - r c 67
 

Indigo/era areuriaA . Rich .................................. r - r 67
 
Antttida hrtiglhima Steud. cx Trin. & Rupr.................... a - - 3
E&ugrostis treniula Hochst. ex Stcud .......................... o - - 33
 
Heliotropiun strigosvin W ild ................................ r - - 33
 
Tephrosia vicwides A. Rich .................................. r - - 33
 
Cymbopogon excavatus (Hochst.) Stapf. ? ...................... r - - 33
 

Schoenefeldia gracilis Kunth ................................. - c - 33
 
Boerhavia diffuja .ar. viscosa (Choisy) Cu. .................... - c - 33
 

Traguspaucijpina Hack ..................................... - o - 33
 
Tragus berteronianusSchult .................................. - - r 33
 
E.ragrostas pilosa (L.) Beauv .................................. - - r 33
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Table id. Floristic Composition of Six Stands Representing 

the Khor Terraces 

Prtnce 

Trcc% and %hrub% 
4cuch, nishba Bcnlh ..................... d o d o r d I00 

Acauu ehr.,hergiant Hayne ............... c d c o d -
Capparij dog i1,ua (Forsk.) Edvcw. .......... C r a t - 83 
Zi:phnts ,pi,,ichri-tt (L.) \\'lld............ 0 r c - C - 67 
Calotrops' prera [Ail.) Ail. 1'............ - - a r - r SO 
4cacia torttiht(Forsk.i Havne .............. - a - - - a 33 
Maerum 'rusifulta Forsk........ .... .... . - - r - - 17 

Undcrshrsh and herbs 
Sthsent'hcidiagratsihs Kunth............... \a ,%.I a-Ia d \J C Ut 
Eragrostis pi/osa (.L.)Beau%.............. c-la a o c a c IU00 
DactvOuctenium aegyFtium (L.) Beau\ ....... r o c-la c r r 100 
Eragrosti:cilianensis(All) Link cx Vign. Lut.. c c r - C c 83 
Aristida hordeacea Kunth................. c r r - o C 83 
Aristida initibilis Trin. & Rupr............ r a r - C %,a 83 

Aritida udicensionis L .................... c - c-la c c c 83 
Panicuin rurgidum Forsk .................. - c c r c c 83 
Arisvida f]'mcidata Trin. & Rupr........... c c - - 0 a 67 
Ch oris tirgaraSw ........................ c - - 0 %a r 67 
Indigofera huchstetteri Bak ................ r r - - r o 67 
Cyperuss rotundus L....................... - - c la r c 67 
Corchorus depressus (L.) Christens .......... r - - - o c-la 50 
Solautin dubium Fresen ................... c - - o - r 50 
Boerhatia diandra L...................... - - - 0 r r 50 

Cenchrus biflorus Roxb .................. - - - - o 33 
Cawsi itlica (Mill.) Lam ................. o - - r - - 33 
Seshunsu mrnicrphy/la Harms 

ex Phillips & Hutch .................... r - - o - - 33 
Tribuh,s -errestrij L...................... - r r - - - 33 
Echinuchloa colonum (L.) Link .............- . r c - 3.1 
Csvmbopogun excarattis (Hochst.) Stapf. C c 33 
Enneaputn hrach*stachtts 

(Jaub. & Spach) Stapf ................. - - - - r 0 33 
Dsciwntrhium annulatum (Forsk.) Stapf...... la . .. . 17 
Ce/s, t argent'a L...................... r . .. . 17 
Kah'utia ca'spitosaShnizl ................ r . . . . . 17 
Crutiluriit va/tinO Andr ................. r .. . . 17 

Trianthemnu jedifulia Vis................... - - C-l- 17 
Cassia .enna L ........................... - - 0- 17 
Trugus paucispina Hack................... - - r- 17 
Panicuin h.igrocharis Steud................ - - - c - - 17 
Ipoinoea vertics'llara For!k ................ - - - C - - 17 
Digera alterns/olia IL.) Aschers............. - - - r - - 17 
Hihiscus obtusi uhis Garcke............... - - - r - - 17 

h1JeIr.5tatrn,,ph.I/I 
ar. I tfolia A. Rich.? .... ........ - - - - - I. 

Corchoruts tridrs I ...................... - - - - - 17 

Euphorbia granul.t i 
var. glahrata (G.a.' Boiss ....... ........- - - - r - 17 

!sidi~'s'ra vircost Lan1....................- - - - r 17 

lin/igoi'irs crdq,,,'i.iIIcnc c Roil,......... - - r 17 

Linieu vnsisuosot 
(non Fcnzlr Broun & Nlasses...........- r 17 

BSv'rlht ia diffuvo 

%ar. vjshcoto (Choi%) , Cuf....... ........ - - - o 17 
C¢ehrut prisurii I KuinlIo Maire ............-- -- a 17 
Trianthema crvstallina (Forsk.) Vahl........ - - - - o I7 
Fagona paruiflora Boiss...................- .- r 17 
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Table le. The Shrub Composition of Nine Stands on Khor Terraces
 

Sod: clayty sand to sandy clay Sod: 
n,:e 

sand. omsimc s1ightlh loamy 
Prcscn~x Y/ 

Acacia ehrenbergiana.......... . d o d 100 r - - cod. o 60 

Acacia nubica ............... c c 0 c 100 d - - - d 40 

Acacia tortilis ................ 0 r d d cod. a i.0 

Calotropisprocera ............ . c r - 75 - -

Capparis deridua.............. . - c c 75 0 - - - r 40 

Zi:iphus spina-chrivi .......... . a - o 75 c - r 60 

species recorded with no indication of frequency. 

Table lf. Floristic Composition of Six Stands Representing
 

the Jebels (Hills) 

Shrubs 
Cupparis decidua (Forsk.) Edgcw ........... r - r r - - 50
 
4-aria chri,,hergian Haync ............... - r r - - 33
 

.1. Iacta R. Br. e% Bcllih .................. r - - - - 17
 

Cadadarutindtfulia Forsk................ - r :7
 

C. f rinursa Forsk ........................ . . r - - - 17
 

Zi:iphus spina.christi (L.j Wilid ............. - - - r - - 17
 

Undershrubs and herbs 
Aristida adscensionis L .................... d d a c c - 83 

Aristida mutabilis Trin. & Rupr............ o 0 a d - a 13 

Eragrostis pilosa (L.) Beau%................ c c c c a ,3-

E. cilianensis (AllI Link ex. Vign. Lut...... c C c r - o , 

Boerha ia diadra L...................... . o r - r r 67 

Schuenefeldia gracilis Kunth .............. o 0 c -  -

Panicum turgidun Forsk .................. - r r r - - !0 
r - - r - 40Cassia senna L ........................... r 

- - 3Aerva tomnentosa Forsk .................... 

r r - - - -Abutilonfruticovun Guillem. & Perrott ...... 

Euphorhwt gramilata Forsk. 
,ar glabritta (Gay) Boiss ................ r r - - - - 33
 

Solanum dubium Fresen .................. r r - - - - 3
 

Arisrida hordeacea Kunth ................. - r r - - 33
 

Chlorisprieurii Kunth.................... . .- o - c - 33
 

Enneapogon brachy'stach.vus
 
(Jaub. & Spach) Stapf ................. - - - 0 - a 3-


Aristida funicilata Trin. & Rupr...........- - - 0 - c
 

Id"gofera huchstetteri Bak ................ - - - r r 
 - .'= 

Eragrostis tremula Hochst, ex Steud ........ - - - - 0 33 

Blepharis eduhs (Forsk.) Pers .............. - - la - - - 17 

Tetrapogon spathaceus (Hochst.i Hack ...... - - r - - - 17 

Citrullus colornrithis (L.) Schrad ............ - - r - - - 17 

Sporobolus humifus il 
var. cordofanus Stapfex Massey..........- - r - - - 17
 

Trianthena crYstallina (Forsk.) Vahl........ -  r - - - 17 

Tragus paucispina Hack ................... - - - r - - 17
 

Echinochloa colonum (L.) Link .............- - - - r - 17
 
- - r - 17Cenchrus pennisetiformis Steud. & Hochst.. - 

Dact)locteniurn aegyptium (L.) Beau'.......- - - - r - 17 

Aristida hirtightina Steud. ex Trin. & Rupr. - .- a 17 

Tephrosia vicioides A. Rich.............. . - .- r 17 

Indigofera arenarta A. Rich............... - - r 17 

Heliotrupium trigosun Willd ............. - .- r 17 

Cy'mbupogon excasa-u (Hochst.) Stapf.?... - r J7 
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Figure 2. Vegetation Map of the Fung (Scale 1:2,000,000)
 

Source: Bunting and Lea. 1962.
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Tabl2. -Chck istof the Foaof .Tozi Research ar 

(15 km east of Wad an Nail) 

;i2~- "1A. 

Tries and Sh~rubs 
kcacia cmylacanthaHochSt, ex, A. Rich. 
A., drepaaiolobitum Harms ex'Sjbstedt. 
A. fistula~Schweinf. 
A. mellifera-(Vahl) Bcnth f 

iiiiica Benth, ' 

A. sencgal ([.) Willd. N~Mirnosacrae 

A. seyal Del 
-Adansonia digitata, L. 
Balaniies aegyptiaca (L.) Del. 
Cadabafanosa Forsk. 
C. Air.,saFoisk 

Caipparis decidua (FrsLk,) Edgcw
Clcroikndrul sp, ncir C hildcbrandtii Vatke. 

-Combrcturn aiuleatuni Vent. 
C. hartmannianurp Schweinf. 
Dichrostachys' gloincrata (Forsk.) Chicy.
Ficus abutilitolia(Niq.) Miq. 
Maeria oblongifolia (Forsk.) A. Rich. 
Ziziptius sp. 

MimosaceIae 
Mimosaccae1 

Mimosaccac 
Mimosaccae 
Nimosaceac 

Mimosaceac 
Bombacaceae 
Siniar'oubaccac 
aprdce 

Capparidaccae 
Ca'pparidaccae
Verbenaccac 
Cornbrratceae 
Combretaccae 
Mimosaceac. 
Moraccac 
Capparidlaccae
Rharnnaccae 

N 

-Aristda adscensionis L. Gaine 
A.hardeacca Kunth. 

Beckeropsis'nubica Fig. et De Not. 
Brachiania deflexa (Schumach.) C.E.' Hubbard ex Robyns. 
B, lat riSchmah C. E. Hubbag d. 

ChlrisgaynaKunth. 
C.virgata SW. 
Cy.Imbopogon nervatus d-lochst.) Chiov. 
C. proximus (Hochst.) Stapf.
Cynodon dactylon (L.) Pers.. 
Dactylocteniurnaegyptium (L.) Dcauv. 
Digitaria gazensis Rondle., 
Dinebra rctr flcxa (Vahl) P.anz. 
Echinochloa colonum (L.) Link. 
E.p)-amidalis (Lam.) Hitchc. et Chase. 
Elcusine indica (L) Gaertn. 
Eragrostis-asperaN-(Jacq,) Necs 
E.cillanensis (All,)' Link ex~ Vign, Luw. I 

I%~it~~un~iniiii(J I- i) I) Jv 

~~ ~Pcnnis.-tur polyIaehion IL Schul: 
P.ramiosum,~(H-ochst.) Aschers. ct S6hkcinf.~ 
P.terattzachyUm K. Sciim. 

-'' 

N-' 

N-N-~N-'N- - ~ -

~Setarli lnciu~astad(lHo'h') H-avk. -

,ide,. , ea., IS liuIniach; Siutw ub rd N 

Sporibkotu humfruws 
Terpgo pthcu 

N---,,Vl, tricnopu (H 

4<'~~1< ~ 

v. N-oudiioanus Stapr ex Mas ,cy,, 
(Hochst,) Hac," ~~ 
-c s. Stap-'N-
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Table 2. Continued
 

Herbs 
Abutilon figarianun Webb. 
Acalypha crenata Hochst. ex A. Rich. 
AIsicarpus glumaccus (Vahl) DC. 
Amaranthus angustifolius Lam. 
Ammania sp. atl. A. acriculata Willd. 
A. baccifera L. 

Aristolochia bractcolata Lam. 

Bergia ammannioides Heyne etRoth. 

Borreria phyteuma SchNeinf.) Dandy.

Caperonia serrata (Turcz.) C. Presl. 

Cassia mimosoides L. 

C. tora L. 

Celosia argentea L. 

C. t.igyna L. 

Ccphalocroton cordofauus Hochst. 

Chlorophytum ? tubcrosum (Roxb.) Bak. 

Chrozophora plicata (Vahl) A. Juss. ex Spreng. 

Clcome viscosa L. 

Clitoria ternatca L. 

Commelina forskalaei Vahl. 

Corchorus fascicularts Lam. 

C. olitorius L. 
C. tridens L. 
Coreopsis borianiana Schultz Bip.
Crotalaria sp. aft. C. impressa Nees. 
Cucumis melo L. var. agrestis Naud. 
Cyanotis lanata Benth. 

Cyperus latifolius Poir. 

C. longus L. 
C. tenuispica Steud. 

Dalechampia sp. ?nov. 

Datura metal L. 

Desmodium dichotomum (Klein) DC. 

Digera alternifolia (L.) Aschers. 

Dolichos daltoni Webb. 

Eleocharis atropurpurea (Retz.) Kunth. 

Emilia sp. ?nov. aft. E. coccineac (Sims) G. Don. 

Eruca sativa Mill. 

Euphorbia aegyptiaca Boiss. 

E.hirta L. 

E. indica Lain. 

Foeniculum vulgare Mill. 

Gloriosa simplcx L. 

Glycinc borianii (Schvcinl'.) Bak. 

Gynandropsis gynandra (L.) Briq.
lii.,,cus esculentus L. 
I. rhabdotospermus Garekc. 
Hybanthus enneaspermus (L.) F. Mu.11. 
Indigofera hochstetteri Bak. r. parNifora Heyne ex Wight etAm. 
I. subulata Poir. 

Ipomoca cordofana Chu&sv. 

I. criocarpa R.Br. 

I. repen,, Lain. 

Justicia palustrs Hochst T. Ander,. 

Oldenlandia granditlora iDC.) liern 

Lactuca taraacifoliai WilId.) Schuanich. 

Leonotis africana (Beauv.) Brig.
Leucas marlinicensis (Jacq.) Ait. f. 
Melothria maderaspatana IL.) Ccgr. 
Momordica tuberosa (Rob.) Cogn. 
Nesaea ?dodecandra Kochne 
Ocimum basilicur L. 
Oxygonum atriplicifolium NMeisn.) Martelli. 
Pancratium trianthum Herbert. 

Peristrophe bicalyculata (Retz.) Nees. 

Phascolus mungo L. 

Phyllanthus maderaspatensis L. 

P.niruri L. 

Physalis divaricata D. Don. 

Portulaca oleracca L. 

P.quadnfida L. 
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Malvaceae 
Euphorbiac-ac 
Papilionaceac 
Amaranthaccae
 
Lvthraceae
 
L)thraceac
 
Aristolo.hiaceae 
Elatinaceae 
Rubiaceae 
Euphorbiaceae 
Caesalpiniaccae 
Caesalpiniaceae 
Amaranthaceac
 
Ainaranthaccae 
Euphorhia,:cjx 
Ltli."ccae 
Euphorbiaccae 
Capparidaceac 
Papilionaceac 
Commclinaceae 
Tiliaceae 
Tiliaccae
 
Tiliaccae 
Compositue 
Papilionaceae 
Cucurbitaccae 
Commelinaccae 
C),peraceae 
Cyperaceae 
C)peraceac 
Euphorbiaceae 
Solanaceae 
Papilionaceae 
Amaranthaccae
 
Papilionaceac 
C)peraceae 
Compositac 
Cruciferae 
Euphorbiaceae 
Eutzhorbiaceae 
U1'uphorbiaccuac 
Lmbcllifcrae 
Liliaccac 
P.p ionaccac 
Capparidaccae
.Mal~a.Ce
 

Ntalvaccac 
Violaceae 
Papilionaceac

Papilionaccae 
Papilionaceae 
Con of%ulaecae 
Conohuiaac 
Convol\ ul.,cae 
Acanthaceae 
Rubiaceac 
CoinposIae 
Labiatac 
Labiatac 
Cucurbi!.ccae 
Cucurbit..':ac 
Lythraccac
 
Labiatac 
Polygonaceac 
Amaryllidaceac 
Acanthaccae 
Papilionaceae 
Euphorbiaccae 
Euphorbiaccac 
Solanaceae
 
Portulacaceac 
Portulacaceac 



Table 2. Continued 

Rhynchosia minima (L.) DC. var. prostrata Harv. 
Sclerocarpus africanus Jacq. cx Murr. 
Sida alba L. 
Solanum incanum L 
S. nigrum L. 
Stemodia serrata Benth. 
Suiga gesneriodes (Willd.) Vatke. 
S. herrnonthica (Del.) Benth. 
Striga sp. 
Tenagocharis latifolia (D. Don.) Buchen. 
Tephrosia bracteolata Guillem. et Perrott. 
T. uniflora Pers. 
Thunbergia annua Hochst. ex Nees. 
Tragia ?cannabina L.f. e Cooke. 
Trianthema pentandra L. 
T. portulacastrum L. 
Tribulus terrestris L. 
Trichodesma ?africanum (L.) Lehm. 
Vahlia digyna (Retz.) Kuntze. 
Vernonia kotschyana Schultz Bip. 
V. pauciflora (Willd.) Less. 
Vicoa leptociada (Webb) Dandy. 
Viga pubigera Bak. 
V. vexillata (L.) Benth. 
Withania somnifera (L) Dunal. 

Papilionaceae 
Compositae 
Malvaceae 
Solanaceae 
Solanaccac 
Scrophulariaceae 
Scrophulariaceae 
Scrophulariaceae 
Scrophulariaceae 
Butomaccae 
Papilionaceae 
Papilionaceae
Acanchaceae 
Euphorbiaceac 
Ficoidaccae 
Ficoidaceae 
Zygophyllaceae 
Boraginaceac
Sa.xifragaceae 
Compositac 
Composicae 
Compositac 
Papilionaceae 
Papilionacea 
Solanaceae 

Source: Bunting and Lea. 1962. 
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Figure 3. Sketch Map of the Vegetation in the Jebel Marra Region 

Source: Wickens. 1976.
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Table 3. Classification of Vegetation in the Jebel Marra Region 

Formation-type Formation Sub4ormation Aisociation 

Tropical thornland Thorn scrub .4cacsa mnslifra 
thornland 

i Acaca, melliftra- Commnphaea afnrana on indurai,. soils. 
u .4carla mellifera on hill soils of the basement complex. 

itt Acacia mell/era hill thornland on volcanic soils of the Jebel 
Marra massif. 

Thorn savanna Acacia senegal thorn 
savanna 

i .Acacia senegal - Combretum glutinosum on aeolian sand. 

Acacia i. al-Balanites 
thorn savanna 

i Acacia se.al- Balanites on clay soils. 
a Acacia steal-.4nogessus on basement complex soil mosaic. 

Thorn woodland .-Acacia albida thorn 
woodland 

t Acacia albtda on piedmont ash soils. 

Riparian woodland i Acacia aibtda on alluvial soils. 
u Balannts aegspttaca on alluvial soils. 

Tropical savanna Savanna woodland Combretwin - .41bizai -
Termnalia savanna 
woodland 

i Combretuns glutinostwn - Guira senegaientju on Nubian sandstone 
soils. 

ii Combrerts glutinosan- Terminalia laxiflora on piedmont ash soils. 

.4nogtesus leocarpuS 

savanna woodland 

i .4nogeiusus leiocarpus on lowland basement complex so Is. 

it .4nogeusu leiocarpus - Bosaellia papvrTijera on hill soils 0f the 
basement complex. 

iu Anogeisus letocarpua hill savanna on %,olcanicsoils of the Jebel 
Marra massif. 

Tropical forest Lowland forest Gallery forest Trema.SvZygium gallery forests of the Jebel Marra massif. 

Montane Afro-montane 
vegetation 

Montane grassland Upland grassland and upland meadow on volcanic soils of the 
Jebel Marra masif. 

Source: Wickens. 1976. 
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Figure 4. Schemic Diagrams of Vegetation in the Jebel Marra Region
 

A. Zalingei Area
 

B. Transect from Basement Complex to Alluvial Soils
 
at Adjakari, near Zalingei
 

C. RLparian Vegetation near Nyertete
 

D. Riparian Vegetation near Kibi-Wadi Keira
 

E. Transect across Jebel Tia
 

F. Transect across a Valley between the Mountain
 
Slopes to the North of Deriba
 

G. Distribution of Herb and Grass Species at
 
Tereng, 2450 m.
 

Source: Wickens. 1976.
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Appendix VII
 

Fauna
 

Table 1. Mammals of Sudan
 

Table 2. Vertebrates Listed by the IUCN Red Data Books
 

Figure 1. Protected Areas Listed by IUCN (1971)
 

Table 3. National Park and Game Reserves Information
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Elephantidae 

Loxodonta africana 

Procaviidae 

Heterohyrax brucei 
Procavia habessinica 
P. ruficeps 

Equinae 

Equus asinus 
E. burchellii 

Redunca bohor 
Hippotragus equinus 
Oryx damman 
Addax nasomaculatus 
Damaliscus korrigum 
Alcelaphus buselaphus 
Ourebia ourebi 
Rhynchotragus guentheri 
Gazella dorcas 
G. leptoceros 
G. rufifrons 
G. thompsonii 
G. dama 
G. granti 
G. soemmerringii 
Capra ibex 

Rhinocerotidae 

Ceratotherium simum 
Diceros bicornis 

Source: Setzer. 1956. 

Suidae 

Sus scrofa 
Phacochoerus aethiopicus 

Hippopotamidae 

Hippopotamus amphibius 

Giraffidae 

Giraffa camelopardalis 

Bovidae 

Tragelaphus scriptus 
T. spekii 
T. strepsiceros 
Taurottagus derbianus 
Syncerus caffer 
Cephalophus caerulus 
Sylvicapra grimmia 
Kobus defassa 
Adenota leucotis 
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Table 2. Vertebrates Listed by the IUCN Red Data Books. Mammalia (1978), Amphibia and Retilia (1975) 
ADA.X 

Aldxax nasoveaculaitus (Blainville. lath,
 

Order ARIIOoAcrYI-A Family BOVIlIAF 

SrATUS Vulnerable. This 5hifahar. de-tc antel,,pe has beers decteajai, in Caueherb Achim faunal Reserve is the only protected refuge for the addax. where the Reserve 
-1ver many .lecadca. lacks .,d- ,Jate prut t ian and is in danger ot extili tinlin tram Caasrds have managed to some cteait to reluce fhe poaclhing pressure.(2; 11) IUC 
ruthl,-s touttu over amacli tf its rana'. and UNLP are sponsuring a survey at tle Aetual and potential habittlts of Addax. 

Included in Appendix ir ut the Cucivention on Intcrinatiunal Trade in Evndaag.red 
I)llsTIBrTlO4 Formerly touhtd thr-, ,,zhoait the Sahara flesett from Kin de (ira to Sp-aies of Wild Fauna and Flora. 1)1; trade in these animals hetwaen .acitdity. 

K 

KyIvt.(4) .1ay still occur in %mall nomhrs ill Algeria anid Suda. anti in -ormewht nations is subject to strict regulation and miut tng at its elerts. 
Kreacer numhytp ins had ad Nter. The aentre if abundauce is th. Mal. ht.a-l-
Ktrubr3. a saeady waterless jarea it eastern M.uretania and western N.li.(J; 5) CJONSFRVATION HF.ASUIRS PROPOSED Establishmeict af effecrively policed resrv.. 

within areas wiere ..ddava still remain reasonaly ioi.,n. including the M.iblah 

PPUL.ATION FLy t: ine .t'..t 190o n a, rmint population h.as reained althou;h aI-K.ubrh in Mauret.aiii.t. the lemeenn area o1 Mali. Nitter and Alstcia. fle bil=
*ha .[,e, necmata1 ll If L of t thColiel 11,, mt egin trom the sisdia-.(li) ".udhn: Tinert! area I Niger ;and the rLrdi-!Iuurdi-lluwr ru-~iu'is of Chad -inid Sudan.(b) 
Nu~rt-l.1 status is vet dlifficult to i5tjin-ie bti the maturity are restrirced to Eltiblihmenr of a rentrally I g[adI post iom Ulia-1h camel patrol,guard could 
u-11thi (rtur. The l.irrstre liablet eports are of a herd of 15 from the Wadi operate throuvhout the yeat. in Elie 0uadi Itimu-Olu.,di Arhim Faunal Reserv. in 
Iltowar district in 14h8 .oad .-t -veial small herds bejiuK hamansd by hig gJt hunters Chad.(2) Cesn-tion of tLCeucetSto sout oddan li[t-ed Iy tile Wildlife Admiuilitrationa 
tit the siuse region. Thte t, some rvidcnce that addax move into the Sudan from of Sudan, and of advertising this slecieb by pruleusioll huiting tiris 4,ieatinK 
Chad by wus of the Murdi Iiepression.(h; 9; 12; 14) Ino:1949. seau, 40-45 there.(8) 
were seen in the Hamada l-Homra. and Jagain. in 1951). some werem reporte,, but aone 
have been seeta since. Thwre is a blight possibility that a 1ev still live in the REFERENCES t. Aus. M. (1910): lIne nuoinlin,! ate envc de izone dins 
Ede-yin de Murzuk (5; 6). av. a report oh several sm.itl herds being harassed by big ta Re;publique de 1chad. I1iirei t-inn des. Il'arcs hatiunjo 
gams hunters ii Cho same r..-.u, in 1975. Chad: Addax are !still locally ronmon in du Th.ad, Port I._, No. 293/I'NH. 
the drier regions of norther., ChaaU. e.&. the Bt.d6li. Djourab. Hourdi and scithern 2. Bassett. T.I1. (1975): Oryx acid addax in Iload. 
trdi regions. fit 1910. the porulation in n,.rthern Chad was estimsted. on the basis Ury. 13: 50-51. 

p} of aerial surveys, to be I5tx) addsa.(l; 5) More recent surveys would put this total 3. Dupuy. A. (1971): SOS poar In conservation de Ia nature et 
a little highe: atc arund .S(X head.(ll; 12) N~ier: Addax occur in western Niger Msiretaiie. Science et nature 108: )1-14. 

00 Along the Chad border.(%. Ito They also occur in the Thntrk. Biles and eastern 4. Ellerman. J.R. ana Horrisnn.coit. T.C.S. (1951): Checklist 
Alt.(16; 5; 13) Janes I)) . two .,,Id.r and a further six dead ones. in the ares of Palaearctic ;and Indian Marmals 1158 to 1946. Luindaun;
 
north of Arlit. in 19/1. Ineo, axe Also reported flow the Vali~e de P'AziaouA.k where Britisl Maiecam (Natural Iliatcary).
 
they are reportedi hunted bf Algerian bordei patrols. Aljeria: The last addax in 5. Cillet. H. (19711): l.'oryx aiatazelle cc l'addax. Diutributiun
 
the northern bahara were killed near Bei Abben in the yeare 1920-1922; in the Rtanraphique. Chances do ,urvie. Comjei.-reaaduea So'.
 
ranczrturt area ths Last dire-t ibsetvatiou was in 1960. although Dupuy (3) found hioaU,*o. 4aO5.
 
old truces in 1964. Some addas rem.,in ti, the area hetween the Adlar des Iforhas 6. IUCN (196): Report of Cintoltants Meeting. Morges. ;witzerlaid.
 
to the Tassilt du HoKgar and alang th Niger horder.(S; C. rCreFut 1916. pets. comm.) .anuary. 1976. Hijmeo.
 
Maareanta: Thse Kreqr..r r,,mlat% af alJax reported were in thie Maj;bb-al-koubr3 7. Jones. D. (1971): Destrutzio ii Niger. !Lryx 12 (2):
 
saheic tind. in 19hO. c.a)ata.I116l traJk its ia traverse ul 35 km. Present repoirts 227-232.
 
how a runsiaterable rtdt it,-a aaaita-ici .. rtotiaitoo stas that addiax still exist 5. Lamprey. II. (1915): Report on the lesert Encroachlient 
"en ouaiore". espeCsly in the lahi Tichit .and tr, du Cla-h recrinrs ii the Mriyye. RecUoikaidait'a it, Nortiars ';aaai . Hi-p,,rl to IUQ(Ii -ild IlNP. 
Hunting addal for meat -,eaaurciullv in still 4,t c~usiderable impUrtance ial Mirm..a. 
pitractid LaJidY.i); IJ0. IS) M.1 i. Adl.ix critiily still rca. in the Nalian port' 9. Maaplierso. Lord (1969): Tie Add-i in Usrfur Province. 
ail the Mreyye .ld Maib r al-troulari. liacy may als,) itill uccu in the Ulicbel Suds,,. IUCN HulI. 2 (12): 98. 
Timetriue aid ClueTJweana. riisii a: The last jadlha were killed abniT l8Ua.(5) 10. Monod. T. (1aF.8i: Haliat-;,l]-Kobr5 Menuite. IVAN. 
Sp_ iih Sahara: 11ue last known hetal ,, killed in 1942. athiulh a single temale It. Neuby. .I. (1914): rIhc. lal..I Ro.e ol the Oiadi Rime
wa, saen iaa L961.(16) Mutlaleu.s hunting by loc.,l inhabitanits. expatriates and Ouadi Achina Faaunal Res-,rve. FAO. Home. 
military personnel remaias the major laatr contrib, ting to its declinae. 12. Niad|iyI., (l')/',- ,eAldax ... ad Sc sitar-horned OrvA in (.td. 

Report to IICN. Misico. 
9


HABITAr: Watertesi area. oh the as|atrA.i.rtic-aiarly it, diane retioue; is 13. Newby. J. (1 / o: Thu Adla aid SLimitar-lrarned Iryx in Niger.
 
liecssarily lepeniaiit au sparse desert forage and rc,nsequv-itIy adversvl atfected Report toiUCH. Hine a.
 

when this is dcitroyed during the passagt u noomadic domestic livestock. It is. 14. Osboiin. D. ani Krumbein. K. (19b9): 1lahitats. Iora. sals
 
however, able to mainitains itself in areas into which cannot venture. and of C.bel '1lw .ibya , dc:;ert. Sm Cunir.
liveutock inu. t-h-nian ___p% 

Z.o . 11. I-18.
 

CONSERVATION l EASURES TAIKEN Addax are piotecred by law in most countries where 15. Trotignia . J. (1975): Le statur et Is conservation de i'aldsix 

rhetley exist, butlaw cauifurcemnct in the S;ahara scarcely exists. Apart from thureEanit. cc I'oryx et. de la fauc assrire en R-ptt to lU(l. 

naturally inaccessible ais like the Majibat-a-Kotabrk. Chad's Ouadi Rium-Ousdi Mimen. 
16. Valverde. 1. (19b8): Ecologicxl bases for fauna coinservation 

RUB-I IUL i1 1976 )(5)F Code: 19.128.16.1 V in Western Salaara. Ptoc. IBP/CT Teh. Meeting Con Nt. 

The original of this sheet was prepared. in January 1976, by John Hewbyl ParC 
Ot fisetvs. I.P. 905. N'Djamena. Tchad. 
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AFRICAN WIlD ASS
 

Equus africanuj (Fitzinger, 1857)
 

Order PERISSODACTTLA Family F.)UIDAF
 

STATUS Endangered. Two sub-speciei are extant, one doubtfully extaut end one 

extinct.(I5) There is confusion both over *uamenclature and doubts As to the 
antount of interbrseding with domestic asc.s. Originally widespread in northern 
Africa but now restricted to thiupia (Sstdo, DUnakil and perhaps Fritrea) and 

Somalia. 
 To Avoid further confusion the nomaenclaturc used here folLown van lesmsel(15), and it uthould be noted that E. atricnn_,.1 taenitiu (von Ileuglin 1861) is 
used for much ,,f E. A. soaliensiw (-E-. a. :.saii-cu.) o earlier RDB's. Sic 
author u0ow regard the Nuloan race (E. a. asattllts)extinct. 

OISTRIbUTIUN E. a nfricants: Formerly occuorred in the mountainous semii-deserts 
of Nuhia Aoi rasLrrl Sudan frims the Nile to the Red Sea. Montagu (L975) consider& 
this race to I-eextinct. it least it pure form, but beveral recent report!, could 
refer to it: from the southwest corner o1 the illourab. north ol Tibesti-Cnitedi,in northern Lhad (15; l.R. Griw.,ood 1976. perG. Lo011.) snd a smAll herd iti the 
Hatiyet et Melva saltmarshes, the northern edge ot the Crest Libyan sand tea. 
(it; E.J. UIsfuagl 1965, pers. comm.; H. Klingel 1972. pure. co=mm.) E. a. 
somaliensis: Formerly ranged over Somalia and Ethiopia north to the Awash River; 

now_ found only south of Tendlaho in Ethiopia ed the Los Anod are% of Soailia. E. 
a. anpux: Forscrly friomTaker region in the north, south to the Awash Riverand alote Red Sea coet. in Eritrea; still occurs near Sardo and in banakil 

Depression.(8; 14) The small popu.ation of asses 
located in northern Eritrea by

Elingel (8) is considered by van BLeimael(15) but not Klingel to be of this race. 


b Feral 
asses and wild asses which have interbred with feral asset 
occur in a number 
R" at places. The population on Socotra may be dexcended from E. a africanum hrouglt

by the ancient Egyptians.(5) Other teral populations occur in North America. 
where population was estimated at not more than 13,00 in the western USA (9); 
North Africa, Calapagns Islands and Australia. 

POPULATION The Nubian tact (E. a. africarus) is either extinet or very low in 
numbers. En the Depression and southern lianakil wild, asses 	were rather rate,
most being in the central Dansakil between 10o and 	 ' 12ll'N aid between 40030 and 
42 uL. Thu total population was estituated at a miuimua of 2000 head. but noted 
that 100 head woold be realistic. The populItation densities range from 30/100
sq.km in parts ot the Tea to between I and 5 in the sotithern Abbe. In Somalia, 
the popultatio nfear Las Anonl sutd at Gelidebo total approximately 250 animals. 
(Kliiigul 1972. pers com.) The original lec line of populations coincided with 
various military esapaigns in Ethiopia and Surnalia luring the first half of the 
20th rantory. Wild asucs ate hunted by local people. both the Somali md the
Afar. in Danakil. time the meat or fat its ,sedicine. The impact of hunting may be 
tolerable in norwt years, but: during drouglt peri,,.d, shuoting can pose a ueriout 
threat to wild asses, at leant lucally. Poachitg in Somalia has been reduced 

recently by the requivitio by the Governseut ot almost nil lirL.Irms. (6; 13;
P.R. Bally 167, pars. comm.; A.M. Simunetta 1911, pers. omrs.) In the Tetdaho-
Sardo area, chasing asses by tourists in vehicles for close-tip photographs oftcl 
causes complete exhantioo of the animal aid could be a significani cause ol 
mcrtality.(1) 


HABITAT Uninhabited semi-desert regions. 
Wild asses are predominantly grazers
and u;sed to drink every second or third day. Increasingly severe competition from 
domestic livestock fur limited pasture and water, pzrticularly e"iring periods of 
lona drought, is probably an important factor in their decline.ti.) 

AdOD 379V71VAVIS'39 

CONSERVATION MEASIRES TAKEN Legally protected in the Sudan, Ethiopia mnd sumalia. 
Tnclt.-deQd in (:less A o the African Conveotion (1969), i.e. it may be hunted nt
 
collected only on the authorization of the highest competent 
 authority, if required 
in the national intercr or fur scientific purposes. 

CONSERVATION HFASURES PROPOSED Inclusion in Appendix I of the Convention an 
Tnternational Trade in wild Sperics of Fauna and Flora. The establishment of 
adequately protected reseryes in the Tea areu (aliut 2000 sq.kn, south of the
 
Awash 	River near the Mille Settleset) and in the Tendaho-Sardo area. Teo is awilderness region betwien the Afar and lssa tribal areas and has the highest kiswn 
populations at sosali wild abses. Firm J. tion would be nec~led to restrict hum.,n 
access and domestic stocl grAzing and to 
supervise tourists.(7)
 

REMARKS Wild asses have been bred in captivity, although many so-called Nubian 
wild as;ta in zo..! are not derived frot pure bred stock. In 197. there were 17 
male and 23 female African wild asses itnb collections, of which only 6 males and 
10 females could be subspecifically determined. The stud-book keeper for the 
Afiican wild ass (E. a. sumatensis) is Claus Puhle, Tierpark Berlin. ODR-tl3b. 
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CLLTAH
 

Acimaonyx jubstas 	 (Schreber, L776)
 

Ord.r -:'JdNVIJIKA 	 FlaaiIy FII IDAE
 

STATUS Vulnerable. "'evrrel reduceI and faces a prospect of increasing at 

trition and veik more lisit'O i dmstribntLnn AS the human Impulation stpoandusitn 
its favonted halitais. E.yo inside ii.mtiumiiparka and game remervem its Ijr. 'e-tm 

cam,n,.t be teadrdeol is gool. 

DISIRIBUTIO)N the Atrir nm rJ., A. 1. iulltus: south, of the Sahara from Nigeria. 
Sudi, .and Sumalia to s-..IIh,-rn Atrica. At present, survives thr tihoutt Mutch oif ith 
former langr.c. but in mtuci led-bd numbrw and eems to disasish even whaer protected 
in na tuniil. parka and re?.vi.mi-. Its dibrributimn is discontinuous and namauibers 
vary trom cosou to rare - (,r even dbst.-t in bumreareas where it uas |ormrtly 

comomon.( I) The Aiatic race, A. j. vea._qticos formerly occutrred from Sind. 
A|ilanitia.tam and mtthewll kuS;;ia westw.td. to Sy'ia and Paletine, and tLheatre 
(althuuKs bum!aimthors tcer.rd thib am a -parule race A. f-Ilecki) eSitWaids 
acrn,;. Nomrt h AfritJ to Rio de taro. Nnw kia-i certainly only in iran and on Ihe 

Turklaustm/Afhglan horder.(i; 4) 

POrI.jATlON The remaininag Atricau populations smniytotal less than 15,000, witlhin 

m F is I it 
t. a probih range a"81OU(l-25,Ooo. Houglh estimates of populatiut tizes. based on 
tj inf..rnmed liocal ,Vimaiosi .and. for order 11 magnitude purposeu only. indicate le s. 
C) tlan 200) in Kenya. less titan 200 in Uganda, less than 1oo in Tanzauia, abut 500 

in Angola. less thaL 1000 in Z'anbia. 200 in hMzamabique. 50 in MaIlawi. LOO0 in 

Botswana. 4010 in Rhodesia. 150L in South West Africa, /00 in South Africa. less 

than 1011()Ctrugbout the Sahel zone, a few hundred in the savasa woodland zone ai 
Wc,.l Atr-. a, rnAher n..rethai 1000 in Sudan. arnmiind100 in Ethiopia. 100 4,r -.. i6" 
Somali., and 300 or le.s in 7are. In rogh terns. Lhezbe figutes alimat cert., Iv 
represent hall the che.tah totals in Africa in 19b0, and present figures could 

well be reduced by one n.tlfwithin another tO years, perhaps by 1980. as a result 

of degradationi or loso of hahitat, and uver-hunting. particularly by ranchers. 

Two ataiial dealers are believed to have cauti.ht10(0 cheerahs in Nainibia ,ince 
1962. either f.r exp,,rr to rho,world's zoos atid satnri parks or for translitio. 

to othem parks ol Atrica.(J; 5; 6) earit: niw emstimuted at more than 25(0. 
(E. Firouz 197 . pcr. Cm.) 


HABITAT Opt. ,emi-arid grasslauds (but !;.ldm areas of tall grass) scrulhland 

(utsc..iStItaily quite deImI-) alt vmriilu. types Ol !.avaamia woodland. in all cl:m'% 

esentially III yath mediutsOar sanjLl-.aized herhivwir-s; aceaption.illy,Wisscmcmtcnmm 

forest marginis soctsnever fore'.t itselt. Thu-!s.habitat. age being redu0"ed by 
.gticulture. de-Aradation ol tnmtcmelatuds .tnd tcinpetitican from lio.tmst;." tuck 'o ll.ow 
ing upan 0uicrt'a:.inguccupaticmm by huma.n coessuitics. loss and degr-.rlatinun .t 

habitat .ind ,osscim ateh depletiou of prey epicie. have been the prim tial Iamtoib 
tm 


ini sIh cbelaolm declute.(3) 

C0N..ERVArItON ItEASIItIQTAKE4 Totally prctm-rtm-d in almust every ciilmltryexcept 

Soul am Al Lc,.I aol tim|lmPiL, ehere, .. i% at .1 ml ddrtai vlommcm osaIs|s.'' i,I "-Ks

mpnohlimt k.tya ahat i. a - Ram,'hiug isterestb it, Tan:- ,,,1.I .,. 0 .. :.J 

Amg.ola. N.tm hi. sad tsuth Altifs. ticweves,of tim -,ubro,,cleetal, sci.,e:tCd 
co.raadilg livestmck. Imberhmetalt occurs in less thami half mhe parka simd reserves 
of Africa. and total. moomore than Joan aiimals in these pintecred aress. Hoteover. 

when it is reduced to relict poptilati,,ns in isolation fromseach other, it becUmes 

singislarty h0SLUptihle to disease. rirnivore comupetition. jlIiftb in prey cmmunity 

make-, changes in vegetation conttguration. and other natural limiting factors. 
In the main, its stability in pisotected Areas &huws a decline. Included in Appendix 

I of the Convention un international Trade in Endangered Species of Wild Fauna And 
flora. 1971; trade in these animals between acceding nariona is :ubject to severe 
res-,rrCLi..m trade for primarily cta.=,-rcial psrpmcu.b latmtne The International 
Fte Trade Fedetationt operated . three-year vulstmIt.ry bass anmig its maeubrship on 
te uSe of cheetah furs in 191l/74. Tie moratrimi has worked moderutely well in 

certain coentrics but has been widely disrel-arded in France, Italy, Spasin, 
Scandin.avt anI .apin. whetee tme -,ss.mtidfur .puted It,,h.% incrvasoed. Fully 

pr.teirted by law in Iran atidthe b.tmHit. .lso in bever., eserve:. in Iran. 

C;Ot:SF'VATION l.ASURfs PROI'OSFlI In terms, it amdaptbility to changc, the cLierah 
is one (of the amost vulu.-rable m4.namLs. Conservati-,n r'm-qiresieams, partirularly 

)utsLd'!- tatki Atud reserves, inclile aoore rart'tul eamforc-uit of protective laws 
and regulations. %upcrvisoio of control so that only eidividual nuisance animals 
are renmovtce, ucciurb, contril ,t Uver-graziatg. .ud protectionwhen depredation 	 tit 

rik tawild pr-v species to rt'du(.c risk mt predation tn domt-stic amim, l. At thc t..mse 
time. the levitil.ate ktuerests maf ranchlatd uaanntt -msitnAtri-.. nould I recog

nixed especially in those areas where paotralists arc attempting upgraded live
stock husbaadry arid someticus saeed o protect: tlteausclves in the evi.nt of unduc 
predation. 
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CMIPANZEE 

Pan 	 Lrogloaytea Blumenbach 1799 

Order PRIMATES 	 Family PONGIDIAF 

STATUS Vulnerable. & wide-ranging, ariaptanle primate currently .:eriouly depleted 
throghout its rpujgc. Pnrticulnrly vuttierihle becuqe of its close relation to man, 
which gives it unique value for ent.ertuiulrent purposes and for scientilic research, 
The main threats are mecnanized exploitrti,,n or its habitat Fnd indiscriminate 
collection. Habitat ranges from lowlanid forp:its to open navunnas. No eutiLates or 
total nuraners available but known to tit! abundant, in some loeations, scarce in others 
of f'orier abundance, and virtually ext,.i'minated turoughuut large aireat. Though vout 

popidations arc criously ,replietedi uinisfragmented, none of' the three rccognisel 
subspecie is currently beticvri to ire threatened with extinction. rhf numinate 
race. !'.t. trogLorrytes, and tie western race, P.t. veru:,, are aprproaching this 
condition. 

DIS*PRIHIFTION Diacortinuous, in toruti ano avuianu at equiLtorial Africa, witnin 
limits of the iiift Valley to the -sat and the availability of' drinking watr to the 
north nad south. River system3, cruItain range. and habitant which canrnot be crossed 
form additional barriern. P.t. troL oryteS ranges cast of the Niger iusfar as the 
Congo. P.t. ochweinfurthii occurs from north and cost of the Congo to the White 
Nile, tnd P.t. verris range:; from west of the Niger as far us ivnc.ral. Isolated 

populations beyund these present general boundaries may indicate tile presence of 
earlier, bruadier patterns of di-ersiun.(I; 3; 5; 8) 

POPUIJ.lION No estimates or total uuers are available but the trend is decidedly 
I- downward. in evcrel countries where they -were formerly found they arc now 

virtually absent or rapidly dectinirg, primarily owing to the inroads madie on their 

habitat by progre.sive humttn development., rld to uncontrolled capture which iS the 
result of extcnsive demand in particular for uze in the iiomedi'ul.;ci.nce:.. Also 

hunted for food, for the protection uf crop:i, for trophies or spurt, aiidto obtain 
captive juvenile: as pets foil for tie initaei trade. [bit se'terll curntrie' completely 
protect tie tpecies from exploitation and have ccured some habitats in notionul 
parK.t and reuertej (;et- infer "CunrrorvaLion mvlasureu taken"). An iUCN ,;urvey (1968) 

uhuwcd aburidJujuc in soimc Iruciliitit-i h ut earcity tr vi tlrialalrneice in others 

where they wt.re formerly ufrtidalnt t,ut whir,! corntrorls are Juakin K or inelffrctive. 
The survey wa-i oupprte, by rv::carch rviiuc.:; end population rtimntcs for !.oiie areas, 

but thce calaitot provide a rulirutl oviraill usae.st'unt. Thes recoru'd averaipe 

denuiti-.;r iv til inric I inr of tic- - :-c tit prrr.-nl TopulutionJ in :;,ue tur-ts. For 

exSaitc lk,iuriirn,vitfe vic ult.ut-d :12r)o( r i tslely t ,jO chimpnni:.e:. witiin a fi(,UO 
f ; 	 th'r, 'ikm rret wIo ;uilv- furiiri l11ii KortIEU.dl. , -tirrtrd thut were letw Ci tan 

10 chinpunzee!; ir ka' the , rvc" of vrui iuggt,'tsil i.niu Zuire; l.uwick-(oonail 
, 

'r[rnzni itwctn i18 

km2 (anrd thu. tie Ircvnicc or"1& rla l pu!srlrtioi of bitwien I.UO0 iul 2,00(1) in th-s 
Buuanorig I'orie:.L; (it lisirida-(I; Ir; f; b) The great.-'t uittiger it tne polulutions is 

the is(t) rf -- ll rullt:. il tmuir JglIl| tlitaL A lunS-

5 -	 L, [q:r kn in I r ;omtnie :r1r1'r a; rind lieynold i tind '6 W r 

ioLl :V11iy V nu . !lowly- maturing.i btbl--rum.n 
tic. o a liy al c. nii. iy Ltre-' and di vt. , ure 

lived. .nrs Lra prr m~ite crn 


critical ly r,-doa-,ri *n ,su 'rL; .sv- f I I roit~eted. 


RAB 	 rA- Au cLxtrif . y diverol fi ed irrry ol' v.!g AtaLion Ly[A. , snclu~ilriv rilaid 

everor.-en l.owl.nd l'orcst , muntane v-F,('i.tIOrI up to Fil nLitude of .010 m.rr-s, 
aeci ,lcciluou , or,:sts aid pen Thvurertr.)pLitirum habiLaL . Li beih- apj,-ar 


dit'iated in ihe trwuiiitini zone whfr- ti ruiu-l'ores-t beit blendS into tie 


Sudunun wuuriland bi-t, aird coi;r:situ l i m-,tirtainous land:;,'Rpe covered hy a 

vrgi,.gated moeiaic of vgtatio,, ineludil. moist. ats well tit; drier LyIeO uf 'orest, 

woodluid, and savanna, acoijrding to titi lurcnf conditionj or topogrphy, ioil and 

Tire 	 equaturial foretL of Africa rre increasingly beinghydr'rgraphy.(2. 7; 9) 

cleared and/or replaced with raster growing and commercially more valuable trees 
which are not usually species used by chimpanzees for food. Savanna areas are also 

being rapidly encroached upon for r-tsvation or habitation. 

CONSERVATION MEA.c7JRES TAfN Chimpanzees are fully protected in Uganda. Nigeria, 

Guinea, Gabion, Zudcui and Zaire. A scientific fieserv has been constituted at 

Gombe Stream reame Reserve, Tanzania, where a smull population is under intensive 

study. They are present in Albert National ['ark in Zaire. in the Queen Elizabeth 
Park in Uganda, in lNiokolo Koba. Senegal, the Nimba and 'nhai Reserves of tile Ivory 

Coast, the Mount Cameroun ad Doula Edea Reserves in Cameroun, and Mbarizinya Game 
Reserve in the Sudan. 

CONSE11VATION MEASl1i*ES PHOiPSEI) The introduction rind upgruding of protecti.,i laws. 
including controlled tind licensed capture of jurvcnile . f'or int:-rnaeional truue and 
the prohibition or control of hunting for food and for the protection of crops. 
The introduction of forestry practices which avoid monoculture aid maintain trees 
and shrubs IrsCd by chimpanzees I'or food. The formation and developcnt of prkrc3 
and reserves, purticularly within the western aid the zrci .rtentral areas or 
range. Chimpanzees are of' unique value to man, and user-soupport I'orcontrolled 

acquibition urid trade in live animals, and the developmrent of captive breveding 

programmes, are strongly urged. Substantial financial support rom researcr 
istitutio and the pharm uticl ard odel industries i needed for h 
and other roniervation measures to enure tile :;urvivrl of all three subhp(-cics in 
the wild.(6) Failing this tupport, a complete htuion the acquisition or raptives 
for the international trade is indicated. 

RF24APiKS Usually single infants lre burn (gestation l-erir(d approximately 125 days) 
at intervals of 2 Lo 4 years, depending on infant mortlity, which is nigh owing 

to disease and human predation. Maturity is reacired ietwe-:n €; arid[1 years and tile 
potential life span extends beyorid li years. 
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AFRICAN ELEPHANT 


Loxodonra afrfcana (Blumenbach, 1797) 


Order PROHO{SC/IC FamilIy EL.EPRII
flhAE
 

STATIS AND SUMMARY Vulnerable. Now restricted to Africa south ut the Slahara. 

Numbcers. whicl, lowest current eitamata's put at 1.3 million, are declthin K over 
ma.t oi it' range. priatuarily becia.c o .ver--expluitation i - ivory; ssmwhat 
10.000, lot example, must have died to supply the L976 Airican Ivory Lxpurts. 
InI the t-inger term the maina threat is coastricrion tit the elephant's range due to 
expaadin ihumv,s ',,uatat,.. Prc; ta ed by law in mast rtuntrics and found in m.any 
natiunal parks a.. tesevut.s; however protecLtao is usuall, oiicic,i to en. -,.c. 
An IllCN/'a41 Atrica-wide survey of it. st atus a- .- erul its 19/6. with ;I vtle. to 
proposing effectivt, rutaervalLinn ucatures. 3uppressiun ot poaching .and ol illegal 
Lvury dealing are clearly esaintial, combinced with the setting aside of suffitiently 
large blocks of land for tli; elephant and other measures a.imed at eatablishinga a 
aatiskacrory hasis for Its coexistence with man. 

DISTRIBUTIOh Africa south of the Sahara. In early Neolithic time:, also widely 
distributed in North Africa and the Sahara, surviving uorth of the Sahara uctil 
early hiatorical times but becoming extinct there by the 6Lh century A.D. (1; 15). 
WLthin about the last 30 years it occupied virtually all sub-Sahara,, Africa except 
the very driest areas, viz. sub-desert steppes of the Sudanese Arid Zoue, desert 

Ln and sub-desert of the Soali Arid Zone, and tlae coastal desert and sui)-desert of 
ri the South West Arid Zone (1). Today it is .carce ar-. vcry local In South Africa, 

Swoath West Atrica/Namsibla, Angola, Rhodesia, Ethiopia, Uganda usaaWest Afric. (20). 
long extinct in northern Somalia (1), and recently extintt in the G&nbia, Guinea- 

*lissa", Lesotho and Swaziland (12; 17). Exi-ting populations are generally 
regarded as belonging to one of two races, nominate L. a. africana ad the savannas 
and L. a. cyclot is ot the forests (see uad,'r Remarks). 

POPUlATION Data collected by the IIJCN/SSC African Elephant Specialist Group 
in tia! first systematic enquiry into clt-phant anumbers aaad trends throughout Alrtca. 
suggest that in 197b there were nt less than 1.3 million elephants spre~ad ovr 
34-16 cotiatrles (12). Int,atanmatu cited 45 examples ol decliainp, poalatitans and It 
is thought that olephaat:. a:re and-rgui ag .ta ,,verail decline in 23 ruotlics (12). 
En J eouati es - Tanzania (with appaoxi,,.tety JO.0) elephants). Zaire .:nd 
Somaallu - trends are utacertaia (9; 12; 17). 1a South Africa, Naalbia, tBot:.w..na 
.and Khodsiaa populatios art ::tabltu havaing tecoveted front tl, low eblh to which 
they were reducd at the bcillaing i cnt, (12). frvllt rcaataiiagthe atti illtie 
4-6 couaatrihe .re ttilkaauwn. (I tL,,2J ao(antr ich -xperLcaCin , actlile' .,a tt.a,.aa 

halt .1hilg lv ,'nd.alagatt'd putapiat oi ' I.tLaig Lthe only recent c-vadl.dact th.,t 
the 5peit,5 stall 'x lsts; .ol elsewher- i West Alfrica little more tha.at ta,lIls 
survive In is:ulated foreL Iatchez' (12). 1atKemava. rota il t.han namh,.-rs i:stim;'t 
by tiae IUCIJ ElepinL survey taa 1971 w ra hSX)0_-l5,(a0 (ama iaadepaendealt survey -It 
the Krety.aHatag.land Kculo,..ical Houitaaraaag Unit (KRi-ti) provdetl an ,stlmatc at 

aboar 60 (04) b): this is less that, haal.in, .auapaar .-stt,:tw, .jx' va- Kt-aiVi. 
Depa-a,,:cot in 19/3 (1I). In 11g.i.a, h . I. . .,,. ga. n-a P.a.;It,... . 

9by di aet trtta 14.L tt it. loast. VeC ZL XO 1911 &1. and sclt .- tL. ,ita bt-weet. .11,1 
t, 

declinaes have also bet-a. re-ptrLed in Ruwt:nz,rJ NatIanal Park (10).' Althouagh Ktava 
.and Uganda have provided the best docaamentatLiost, almalar declines ate believed to 

have occurred in many other places (12). Paradoxically in some parks and reserves
 

(though they constitute less thae 5 per cent of the total African elephant range)
 

excessive populations ire changing the habitat frum woodland to grassland (8).
 

rn ,eneral. despite the still apparently substantial size of the total African
 

elep. ant pupulat ion, the luture ol -tie species is by no scanas assured if one 
con.ilers the rate at which elephant habitat is being occupied and elephants are
 
being e'xploited; with more than hall the populations declining the AfriLnn elephas
 
iver a valnerablc li:toricl precedents. such as III Southis considared spjcitas (12). 

Africa, where elephantrs once plvntilul were virttially eliminated in the 19th
 
century, and more recently in K~abalega National Park. show how rapid the process
 
of decline can be (10). 

HABITAT Atli) ECOLOGY Habitats vary from desert-scrub, thorn-bush and savanna to 
dsaaoe lowland and montane dry aod htmimd forestN (14). The elephaoat is a very 
adaptable glazer and browser, feeding on grass, shrubs or trees and their leaves,
 
twigs, terminal shoots, bark, roots or fruit (14; 15; 17). Wriere elepantsa are 
numerous, their habit ol barking or felling trees nay cause deforestation, but
 

there is some evidence to suggest that this is a partial rather than Lhe whole 
cause ot this type of habitat change (3; 5; 18).
 

A social animal living in family uoats of 2-20 led by old females, but at times 
will form much larger aggreatiuns. Bulls tend to live separately in amall groups 
or alone, with occasional short term associations with family units when a female 
is in oestrus (2; 8). breeder; gestation about 22 months; pubert
1; A year roundati 

attained at B-18 years of age; matetaal care continues until puberty und may 
continue to be exercised indefinitely in respect of temale calves within the
 
tamily unit; potential longevity: 50-70 years (4; 15). 

THREATS TO SURVIVAL Three mulca threats: (k) In the long-term, range reduction 
caused by an exp~antding hunan population and its subst'queat demand [or land. 

combined sitlt the difficulty ad reconciling the presence of wild elephants with 
human settlement and agriculture; (ii) habitat changes induced by elephants 
being restricted to smailler and semallr areas, when their more concentrated 
impact on the vegetation may exced its regenerativ. capacity, a problem sometime.1 
aggravated by stvere drought (14); the elephaat's ability to survive successiullW 
in areas set: aside for it: protection is. however, a stutter of some controversy. 
depending oa oane's assessment of Lite speed at which it car respond to changes in 
resource availability (5; 11); (ill) in tle short term the greatest threat is 
huan predation arising iront denauads for ivory, for m-at (particularly in West 
Africa) and tor crop pt ottct ia, (6; 10), the iaaarta:sed price of ivory and 
cunseqaa:lt boom in the ivory trade" being the principaal factor In the drastic 
decline af elephanats in IK;.., Atritira slid aelsewhere (H). A mtaaitaom Ol J7b tons of 
ivory was txprted lrtat Alrica in 1916, buataolre ivory may have heca smuggled out. 
An average tusk weight sit4.8 k; was calculated for 43.877 tusks received by the 
Tanzaatian ivory room betweea 1971 and 19/7 (nalinly derived from crop protection 
Shouting or natural mortality) and oa average each elephant has 1.8 tusks, it 
those averages we.re get.trally valid 1976 exports would represent 112,000 elephant-' 
De,:ent data asuggest. however, thLat the Ivory trade may be selecting heavier ivory 
than that available frot natural mortality or trum control shooting (12) , and if 
so the numbear of elephants involved would he somewhat lower. On the other hand. 
It must also be borne in mind that only .a traction of the ivory tum natural 



mortality is aver recovered, that an increasing amount of Ivory is processed in 

Africa, that private trophies are often unrecorded in export statistics, and that 

smauggling means that official statistics underestimate the sie of the international 

Ivory trade (12). 


CONSERVATION MEASURES TAKEN -The African elephant is listed in Appendix 2 of the 

191)3 Convention on international Trade in Endangered Species of Wild Fauna and 

Plura (CITES). trade in it between acceding nations thevieure being subject to 

regulation eitd ino,ituring. The lISA has listed the species as tlreatened and will 
only allow import of recognizable parts or products of it from nations that are 

parties to CITES (16), and of sport trophies. Most African countries have game 

laws which restrict shooting of elephants to licensed hunters or Came Departments, 

but the laws are often abused or poorly etorced. Poaching is also rife in many 

national parks and reserves in which the elephant is nominally protected (12). 

The African elephant is one if the best studied large mairtals and has been the 

subject of an JUCN/WWIF Pan-Alrican survey since 1976. 


CONSERVATION mEASiRES PROPOSED As aii outcome of the survey to date, the iUCN/SSC 

Elephant Group has developed a four-point action prograssne for Kese.arch, 
Couservation. Economics and Education (19). Measures particularly ne,!ded include 

more effective enforcemeutL at existing laws, reinforcement of aiti-poachilig units; 

a itudy of the ivory trade and new legislation to ead illegal dealing (8); 

continual monitoriig ot the population dynamics of the African elephant (12); and, 

in the longer term and essential for their ultirwte survival, gutarntees that large 

self-sufficient units 01 land inhabited by elephant populations will be reserved 

:in perpetuity. That in turn will depend on developing effective methods of 
iJI 	reconciling Lhe interests of such reserves with those of the human occupants of 

neighbouring areas, for example by enisuuing that the latter derive direct and 

substantial beniefits from appropriate management of elephants as a wildlife 

resource, 

REMARKS For description of animal see (1; 14; 15). Two subspecies are usually 


recognized, the savanna-dwelling nominate africans and the smaller forest-dwelling 


cyclotts. Intermediates occur where the two meet and taxonomists differ aboaut 


whether recognition should be at superspecies, species or subspecies level (1). 


This data sheert was compiled with the sastance of the IlCN/SSC Alrican Elephant
 

Specialist Group. 
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SLEDEH-HORNED GAZELLE or LODE"*S GAZEI.L 


Gazella leptoceros (Cuvier, ll40) 


Order ARTIODACTYLA 	 Family BOVIDAE 


STATUS Endangered as a result of excessive hunting and habitat degradation. 


DISTPIBJTION Once founu in the dlesert. of northern Africa from southern Alg,.ria 
to tle we"-tern side of the Nile River neur Faiytum including the central Sahara 
sruth as rur as teL-rnr into Tunisia and the Atle Mountainsn.rth-w, :.udun exteding 
in the north. Now ocrur in -xtremely Ljmitud numbers in the de. t" regions of 
Alges ta. Tunisia, Libya. i ypt., iudji an1 0hnd, covering the gr.ater part of the 
northern hall of the SalhtrrD,-sert Iron, Algeria to Egypt and north-western Sudinu to 
the mountains in 	the extreme north-wes. of' Chu.(l; 2; 3; 5; 10) 

POPULATION It was onice utunidstit in Lhos'e parts of the desert where there was 
sufficient vegetation to support it. livauden's (192b) prediction that its 
disappearance from the northern Sahara was only a question o1 years appears to have 
been confirmed. The remoteneLs of its rwi.,. takes itu status difficult to assess 
and 	population urveys have ntt been macc. (ti;6,) 


HABITAT Sandy dunes and mountainous areas of" the Sahara Desert. A nomadic animal, 

it feedu on desert vegetation and needs little water.(6) 


CONSERVATION l'AERI:S TAKEN None except impurtati"n into the United States is 

t3 	prohibitrd, e.xeupt for scient:fic, educationial or propagation pitrponses, under the 

terms of the U Endangered L;peci(.s Act, 1969. Included in Class A of the African 
Conv-ttion (1.99) i.e. it may be hunted or collected cnly on the authorization of 

the highest conpetent i.uthority, it required in the national interest or for
 
scientific purposes. 


CONSEI4VATION r!EAuHES Pllil'fl:!;:D
Complete protection with necessary surveys, 

research tond :.tudiesj fol lowd by manuagenent plans. Consideration should be given 

to the establishment of wildlife reserves for this specieu. captive propagation
 
offers excellent upportunitits, ['ortranslocotion to ranges where the niral has 

been exterxintd. This :pecie,* under proper munnegement, could he a most important 

source of protcin.(I; 1); tO) 


RlEMEAKS Not protected or rul;reselted in tinyreserve or national park. In 19"1
 
a total 'aC 12 wer i: in tht' 11.0Aand one specimen wan, in Tunis Zou.:.p,'cimcnas .o: 

(7) 

11EFfJ:?jCLj 1. 	Ilun,-uu, I..(1l't0ta: Xot-'u 'tion and protection of the 'nuns of, 
French I',vit.r!a Africa tlnl (it Freneh Wc:;t Africa. Part I: 
The lar,:.--t 'na:. ;. Afr. Wi I-liV 14': 10- tO1. 

Ir; un1a955a dc l'l'ri t Roi_..jrE-. 	tVikey.t., I.J. t1 5); I'sr 
Fran~i.;.. )aukar: IFAN, ln:.t.itut .asAlR. 

3. 	ElZ1-ran0 V.1. & 1iorrit,n-;wIatt, r.C.S. (1951): Chec:kliut of 
l'alen-ctic un. .nainn M,snu.., 1"_w-tI 6: London: British Ihlineut 
(Nut. Hi t.). 

4,. Flower, '.J. (192): Notcs on the recent m:.aials or Egypt, with . 
list of the 3ptecies rvvt'ord.d from that kingdom Proc. zool. Soc. 
Lond. 1912: 36--'O. 

5. 	 Hurler, Frnnci. (I')}: Extinct and vaninhing mafits of the Old 
World. ':per. Put. Anet'. C,,"sn. lnt. Wildlife tIrotaczionl No. 12. 

TORA HARTEBFEST
 

Alcelaphus buselaphU3 tora (Gray, 1873)
 

Order AII'IODA-CTYLA 	 Family I1OVTILAE 

STATUS Endangered because of excessive hunting and habitat degradation. Believer 
to lhave been depleted by rinderpest epidemics in the 189U'n. 

IIISTHIBMTION The north-western anoieastern regions of Ethiopia. extending into
 
the 	Blue Nile district of the enstern Sudan and into eastern regions or southern
 
Egypt. It, former range was more axten!ive but in the sam'e general area.(1, 2) 

POl1jI.ATION Colonel A. Forbes estimated thnt there were no more than 200 to 301 
heads in the Sudan in 19b5. It is now found in very small herds along the eastern
 

border of the Sudan. No figures ,re available for Ethiopia.(?)
 

HABITAT Found on thinly-vegetated plains, prefers open grasslands from elevations
 
of 1,2.)0 m to 2,000 m.(1)
 

CONSERVATION MEA.MRES TAKEN In Sudan may be hunted only by special Licence.
 

Believed to have 	been given complete protection in Ethiopia. Included in Class B
 
of 	the African Convention (1969) i.e. it may be hunted or collected only under
 
special authorisation granted by the competent authority.(l; 2)
 

CONSEHVATION MEA.7IRES PROPOSED Recommended for total protection under the nov
 
Ethiopian Wildlife Conservation Regulations. Surveys, investigations and research
 
should be conducted an a basis for management plns. Captive propagation with
 
subsequent trunslocation to areas of suitable habitat should be considered.
 

RIIARKS Normally a single young is born after a gestation period of 11i to :2
 
days. life .ptua is II to 20 years. The former range of this animal was r.teni ,e; 
if it could be restored and placed under proper management it could be an important
 
source of protein.
 

REFERENCES 1. 	 Bolton, 4. (1971): Last chnnce for Sweyne's Hartebeest. Diol. 
Con. 3(2): 14-148. 

2. 	Sidney, J. (1965): The past and preaent distribution of tome 
African ungulates. Trans. zool. Soc. London 30: 1-397. 



LEOPAkD
 

Panthera Ed.:dne (Linnaeus, 1758)
 

Order CARNIVORA 
 Family FEI.IDAE
 

STATUS Vulnerable. Exterminated from large parts of its former range and 

deplered elsewhere. In some areas pt.ecut ion aid loss of habitat have taken a 
sevete Coil; at least fiv,'geographic tac. arc threatened with extinction. But 
it . still widespread mid maintaining gitd numbers, even increasing wheu not 
permit-med. 

IIISIRIBUTION Africa. and most ol southern A-ia from Turkey across the UISSR and 
China to Korea. 5outhwArtls to Arabia, Sri l.anka and Java. Now very local and rare 

in tie desert areas of northern Africa aid the Middle Famt. Much the most wide-
spread of the felids; it as stIi! cotanutnulere prey is plentitul and protection
assured, but has declinced siknificaiv dud sometimes critically in abouit half of 
Africa. Exterminated from large paris ofiii*. former range in Uouthert. Atrica, 
eastern Africa (notably Sonwlin aid Ethiopia), and certain sectors of West Africa 
(especially in the coastal states). Depleted elsewhere, notably iattsof Kenya,northern Tanzania. westetn .tblai. Ngauilad in flotswana, parts of Angola and 
Mozambique, also Chid, Hali sad Senegal. and parts ot the coastal states of West 
Africa. 


POPULATION The leopard has h.d to give w.-y 
to the advance of agriculture,
deiLoestation, utld depletion of its prey. In areas taken over for agriculture and 
atock-raising it hassbeen either exterminated ot depleted; but it is still wide-

spread and maintaining good numbers where it persists. During the 1960's leopards 

ware relentlessly trapped to meet a worldwide demand for their furs, and 
somepupulatiits were severely reduced. Efforts were made to correct this 
situation in 

Li severil countries, notably Tanzania. Z.mbia arl Botswana, e.g. through national 

predator managem-.'t policies. In parts of soathern Airica. the leopard is still 

cusidere4 vermin.(3-O) In moderately fevotrable habitats of the Zaire basin 

rain forest, it maintains a density of 
one tr five or even three sq.km, and in 

optial habitats even tine 
to avery sq.kin. In Cie miombo woodlaad zone poaching 
pressure has varied greatly, and int large areas density rises to one animal per
five sq.k's. Because it 
tsetse fly, and dry ,oid infertile :;oils, the miomlio biotae 

will be little affected by litaan activities except for the 10-15 per cent which 

constitute alluvial toIodplaius or "dams," drainage systems. 
 In South Africa

thick thoLtib.l in the Ktuigur Park amidan 
abutidatice of impala prey permit densities 
of two leopard to three sq.km, possibly higher, itt a -few optimadl localities, with 
an estimated mitimum of 650 animils occupying the I'atk's 1,817,000 ha. 

IABITAT Leopard% inhibit 
a vatiely of Ilitume. from tropical raii forest, miuac,sodinan. and areas with heavy or scatteredavnna rocky vegetation to tie high, 
cold regions ol Cile Iiitealayas. and Cite stuburbs ,ifNairobi. In general, they ure 

still 	 widely found in all hiottes of Africa bnstith o the Sahara except for outlight
,lentt. (oc important facttr ia cover buth tor houting and for lying-up to feed 
and rest. liumuti modification of s.ivaimiia ecorypes tetads to rlue rewiuval of trees 
and bush, altho,,glh the leopard has proved to be exceptionally resilient and 
tolerant of change to its habitat. 

CONSERVATION II-ASURIS TAKEN The leopard is widely protected as a game animal;
where 	nut protect.d, s in Nigeria, South Africa and Namibia. 
it in fully protected 
insparks and reserves. Uhere it is still nut protected or where it preys on man's 

incteasing herds of domestic stock it 
has been persecuted severely. International 


i,.on hae he. csc ;r.- Icic:urh the drain an protected populations from illegal

trapping and dasugglicg through theme same countries 
into the world trade ehaitnels.
 
The fnternitioud.al For Trade Fedvratiun imposed a three-year vuluntary ban ons its
 
mambers' use of le,,i,-r.! fritzSeptember 1911
:;kins. to September 1974, which cper
atel mderalely w,ll in 
 rh.i ilnttrd Kingdoma. margiually well in the Federal Rep.blic 
of G.r .oy and Slitzerl.,,,i. aold scarcely at all it France, Italy. Spain, Scaw.,li.avia
.mnd Jap,sn. In 1913. the deta,.d fur leopard sktn. was higher than ever betote. 
Dcemad is perhap; twice as high in the principal consumer countries as five years
 
ago, except for Japan which booght hardly toy spottea sirs in the late l960's but
 
is now buying heavily. Included 
in Appetndix I of the t~onventiji on internat hal
 
Trade its Endsnyeri Species of Wild F.iuns 
 atidFlora, 1973; trade in these .. nintals
 
between acceding nations 19 aul;-"t to severe 
 rttrirtiu., trade fot -,-iuar.ly 
cotonercial purposes is banned.
 

CONSEKVATiON wf.ASUFS PROPOsFv Ihe leopard should remain in Appendix I of the
 
itternational I:ottvtiitiun tntil tin- li'estock industry it. 
 Africa and Asia is pre
pared to admit that the wildlite cono,'rvatittiutS have an interest as legitimate 
as that it the tanching convtouiity. It 0lioul likewise he banned to the iotetnatiunal lot Ii.dt intil u.uj..r produsct.cand cunsutser countries indicate their 
readiness to accept controls to regulae itz.,staiti.id-yield otttake. In Afries 
muclh severer penalties are required to deter poachin1g and preventive killing by
 
livestock otnaers. 
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SCIHITARt-HURNED URYX
 

Oryx deammah (Cretzschar, t826) 

IrJca ARI'IOIJACTYIA 	 Family BOVIDAE 

STATUS Vulnerable. Has .lec:linseI trct ieat abtindantae in the past tit A levi:l at 
whioh it is highly vulnerable. unctuaLrullcl s|ut.glarer cotabined with preshure trot. 

live eoak and livestj(k development s emres are respouasible. Reasunal.ly abindant 
only in Chad. 

DilRlIBUTIlN Forerly t1rao.shout the Salalian zone north and south rt the 

Shara Som Spunialh Salirar. HMgarutana zois,Setgls. to the Red Sea., hut no extend
ing aUFth of the Crand AtI.,u. Fesideirs ilpulationti have o. disappeared from 

Egypt. Libya. Algeria.. Tunisia. loroci-u, Upper Volta and possibly the Spaasi hl 
Sisharu and Sidan. Contirted to Chad. NiRt'r. Lttli and with. possibly, a lev ill 
Matietataa.s and the SudAan. i. 6; 4; i; 13; 14) 

PUPULATIJN E___ i: Very unlikely that .ny still exist in Egypt. in spite of isld 

reports oi the po.sibiliry that ..oa-eanimals may migrate into the Gebel 'Uweinat 

from Sudun.(12) Sudan: fi present, very rare a.sd part of a population living 
between Chad and the Sudmn.(4,; 1) Chad; By far the largest populati.ns in 
Africa. Estimated in 1975 to be around'T5O head.(0; I) Niger: Still occur in 

the Termit and Tenere areas (00)and possibly a few in the areA east of the Vall6e 
do LOAza.uak. Algeria: Orya have been ohat-iviad in the Ahaggar and near In Azoun 

?J but these ace believed to be migrants froisAdrar der Iforhas (Hal,) and Air and 
U1 I'nerv in Niger.(3) HaILt Probably still occur in the Tamezna and alo west of 

the Adrlr ds iltorhs.(6) Ujier Volta: Now thought to be extinct. (H. Baunter 

L91..perts. cons.) Kaurctania: Honod (195H) recorded two oryx northetst of 

Ouplata in 1957. In -- 95' tt-two oryx killed in the region tt Tariazet may h.,va
been the last in the counatry. It anty do Still exist, the Nems-Oualata ares is the 

most likely place of occurrettce.(13) ntaish Sahara: The last reported oryx was 
a dead .ne louad in 1963.(1l) 

HABITAT The seai-dlesert I ringe of the Sahara. whirls lota been subject to heavy 
over trezin*lie renturiev: .a factor believed by many to have led to an increase 

of tia dessert to its lresrnt siae. At pr..et., ilrrecsed aumsbers cif people and 
livestock arid the abtent, ot control ,vvr-ra zing is causing extensive desertifi-

lation. the oryx is tr ad.i,ald to desert isid consequently has been adversely 

affected by deutruction ut S0 iLable habitat. Tle rale tit detvrti/icatii Ias been 
estimated at tUU.U0tl ha per year.(5) 

CONSERVATION MEASURES TAKEN Ilotting by ntmadb or visitors is virtually tacota-
-

t-rald-in--m; tatr in which this spaci% occurs. It receives afr-r-e	 islittle 
rive protettita in most ut Niler. H.Kili Hatareraiia and Sudan. Although olficially
PrOLateed by Iaw itt Sud.u it is srill -.ought. by hig-gse hinters. In Chad. a 

reserve. the OuadJaiRire-(tuadi Aclhitm. or 17.951. 
this sad other Sselo-S.al.a species. Iticluded in Appendix II til the Cultvcntl.,n 
on International Trade in Enlangertd Spccies of Uild ItFuia .aind Floras 1973; trade 
It these animals betweeth acce"ing natratti ast stubje..ct to strict aegtlation and 

.otitoriag of ite effects. 

CONSE&VATIUN W'ASURES PROPOSED A survey to dereruine ith -uc-nlt Status avid 

dst ibtion is being made.(7) This'should lead to the establisha.nnt tit other
 
welL-puliced reserves in areas where it is still reasonably common. Effective
 

protection of the Ouadt Riiwe-Oltiadi Achim Reserve is top priority. Studies of its
 
ctulomic potentil as a stri-,,m esticat-ed Species could further its Lurvival. 7n 
the long-run its survival deputids on !survival of the Sahelian habitat and arresting 
the proceeses leading tc dcsertific;ation. 

KE.AhKS Gillet (2) and Newlay (1916. peas. core.) have noted the possible ,cc,,r

resue ot Iwo distinctive eroup-a "i "'rphaoluYicl ly different oryx in Chad. Twl
 
types are also knouwa tradiLiunally from bhth Sudan and Niger.(I5)
 

REFERElCES 1. 
 Giller, II. (9b5): L'Oryx alagazele et lAddax du Tchtad. 
Terre et [a Vie 11,(3): 257-272. 

2. .illet, L'ryx alg.zelle rt l'Addax. Distribution
HI. (1970): 

geoKtahique. Chances de sulvie. I!. ptes-reudts. :%c. 
B ii... 405. 

I. 	 (;reatot, C. (1974): Ecoloisie appliquiLe Li ta conservatioa et A 

l'elevage des ongules sauvages au Sahara Algirien. C.N.R.S.,

Paris.
 

4. 	 Lamptry. It. (1975): Report oi the nesert Encroachment 
Recontiaissance in northern Suda. Report to [UCN and UNEP. 
Himco. 

S. 	 Huuerou. I.N. Le (1ghe): I~a disertiticstion do Sahara septeu

tritin| et des steppes limitrophea. Prec. IHP/CT Tech. 
Meetin C111S1. Nat., NIasis.amer, Tunisia. 

Ssi6.tuCrNl.r. Cnsultants meeti, ti addax and orya. Margea. 
Switzerland. Janury. 1976. Mimeo.7. 	 IU:N/UNhP Project 1219/1975 /11/89.1.
 

8. 	 Honod, T. (19%8): Kjajabatral Kuabra. HMuire. IFAN. 
9. 	 Newby, J. (1914): The Fcalogical Resources of the tOuadi ltim'j

Oi:sdi 	 Achim Faunal Ret+erve. FAO Rome. 
10. 	 Newby. J. (1975): Tine addaX and scimitar-horned oryx in 

Niger. RpurL to IUCN. Minso. 

It. 	 Newby, J. (1915): nie addair and the srimitar-horned uryx in 
Chad. Rep,rt to IUCN. hime. 

12. 	 Talbot, .. (1960): A look at threatened species. Oryx 5: 
tri-291. 

13. 	 "ruti, . J. (195): Le tat % et sa eonrvtiun deptI tAddax 
et de I'Ory et de Ia Iane asbucitu en HJuretanic. Report to 
IIICN. Hissne. 

Valvee, . (1968): Ecological bases lor fauna conservation 

ilk westena Sahara. Proc. IlP/.C Ttn-h. MeetilmS Cot.g. Nat. 
llam~anist, 

The origittal at this slicel was preparad ia .Iatau.any 1Q76. by John Newby, Pats et 
Reservas. b.P. 'illS N'Ui.an-s.,. , ihaJd. 

http:populati.ns
http:Reasunal.ly


BLACK RHINOCEROS THRYATS TO SURVIVAL Poaching for its horn which is considered by many Asian 
peoples to have aphrodisiac properties. World demand tor rhino horn has increasedDicerus bLcornis (Linnaeus, 1758) in the last few years and as a consequence the price has increased (15; 19). In 
Ttnznnita horn fetched II.S. $45 per kilo In 1911 and has risea to $250 in 1918 (15).Order PERISSODACTYLA Family RHIINOCFROTIDAE From 1969-46. l1,900 rhino horns, representing approximately 8885 rhinos, were 

exported from Kenya (19; 20). Progressive deterioration and loss ul habitat due 
STATUS AND SIMMARY Vulnerable. DistributLon now very sporadic in its African to rapidly increasing human populations poses anoLher grave threat to the rhino's -s-vanna habittst . Population thought tu he annywhere betwee. 10,000 and 30,000 future. In same areas e.g. Tsavo East National Park, habitat dertrucLion by
with the minimum figure perhaps tie iore LealisLic. Decline aLLributud to liuachin K elephants, sometimes made worse by drought, hias also been detrimental (8; 1l). 
for Its horn and habitat loss. Protected by law and occurs in national parks and 
reserves. although protection is nten itadequate. Main conservation need is an CONSERVATION MEASIIRES TAKEN Listed intAppendix I of the 1973 Convention on 
effective ban n, trdd,! in rhino [torn and particularly on its impontatlon to Asian Internatilnal Trade in F.ndangeied Species ot Wild Fauna and Flora. trade in It or 
countries, its products therefore heing :nbject to strict reg,,IatLun by ratifynj nations,-

trade for Vrimarily rominercial purposes banined. Listed in Class I ut tie 1968 
DISTRIIUMITION Afritan savanna zone. Formerly widespread from South West Africa/ African Coivenlion on the Conservajion of Nature and Natural Resources . and as such 
Namibia and uouthwstern Cape. Prayvince north Lhtruuph Botswana, Rhodesia, Mozambique, may only liehunted or collectedt nder special authurisation granted by the competent 
Kalswi . Zambia, Angoila, Zaire. Tanzania, Uganda and Kenya to Somalia, Ethiopia and authority- Legally protected Lhronghnut its range and occurs in many national parks 
the Sudan. thence westwards to the Central African Enmpire, northern Cameroun and sand reserves; 'nut protection is often inadequate (28). 
Chad; also tin'ileria and further W,'st, but no longer. In general, tine speci.s is 
still tin he loind over nrtst ti the extensive area indicated, but has heen locally CONSERVATION MEASURES PROPOSED Effective protection against porathng. Control 
exterminated. with the surviv,jrs scattered it rensuant populatiuns, mostly in parks of trade in rhino lorn. A ban on the import of rhino horn to Asian countries would 
and reserves. For detailed ncCooIts of distribuLion see (2; 13; 17; 26). be extremely beneficial to the species. 

POPULATION Not knowt, with any precision but probably 10,000-30,000 and everywhere RE-ARKS For description of animal see (2; 7; 12; 13; 29). Groves lists 7depicted. The folbpiing ro(gh eSn7L, have been made: S-uth Africa: 40 (14; subspecies In 74 males and were zoo(M. 197b, esC8 85 lemales held ill 70 collections 

-1 28); South West_ Africa/Natibia: 100 (28) or 'approximately 150 with Inure than (41 bred In captivity) (22). 
80 par cent in Etusha National Park' (18); Rhodesia: 1000 (28); Zambia: a 1975
 
report indicated tne species wns 'holdiagi; its ninwnand still collsionin the 
Luangwa REFERENCES I. American Embassy Kinshasa to US Department of State,
 
Valley, where a 1973 UN/FA0 survey had arrived at an estimate of 12,000 and all 5 Nov. 1977.
 
absolute minimum oft 40M (3); Tannsania: in the low thousands (28), 8-9(M) (23), 2. Ansell, W.F.ll. Part 14. Order Perissodactyla. In Meester, J.
 
conservaLive estimate at 12.000 (19); Kenya: 1977/78 estimate of nnnly 1800 (b). and Setzer, II.W. (eds) The 24;asnwls of Africa.
 
connpartcewith 4n00 in, 1916 aindl I ,000 
 in 1968 (20), Tsavo National Park figures An Identification Manual. SmiLthsonian Institution Press, 
failing tram 6000 in 1968 to 2500 In 1916 (20); Uganda: low hundreds (28), rare 3 asninnton, D.C.
 
and possibly endaing;ered (8); Sudan: on the verge of extinction (4); Central African 
 3. An:neli, W.F.lt. 1969 and 1975. BlackEmpe: it le.st 1000 (26); Mo..ambit~tie: rare (5), in the low hundreds (28); Rhinoceros in Zambia.Orvy 10(3): 176-192 and 13(t): 83-84. 

Anola: thrnaLened (5), in the low hunded:; (2H), in 1972 only reports were of , Blower, J. 1971, pars. coni,
 
probably less than, 40 in Lite Parque Nacionsn titn tona and a smll population in the 
 5. Botl t, J. do P. 1975. ConservaLion Status of the Larger 
Cuitnndo-Cub.nlngu controlled hunt ing areas (16); Somil ia: in the tens (28); twainda: Mansils of Southern Africa. Itot. Conserv. 7: 87-95. 
in tine I ns (28); .Ethiopi: nno cuolirnted sigtinns tor at least live years althuiugh 6. Diracil, II.J., MHbuua. S.W. and Wetmore. S.P. 1978. 
specieL may still "atILvive n ei Iroli:ced Ulhm,National Park in Mapgo District (27); Prelimintary Results from an aerial censin of livestock and 
Casleruo, in tie tens (28); Ch.cl: .b,,,I Z', ( I) ; Zaire: inoshiblv extitct, the wildlife at Kenya's Rangeland.%. Actite Survey Technical 
.anr ja,, Kit itnn I nnt ttn' nY tin, C**nnscrv.in, ,,f N~ature mviing rctnil IV stai Ilepnr Series No. I. Kenya Ran-eland Ecolgical Monitring 
that innie have been seei sinloe 1 9 I (i); maldawn: threatened (5), tn the tells (28); Unit. MilisLry ,nf Tourism antd WWildlife. Kenya. 

1. IlOist, J. and Danndelu , 1. 1970. A Field Cuide to tie Largergotswan.s : rare (5) . in thn,: tei 2).MmaautArrn n ui.lodnMaaw.lsu of Arrilve. Colliu,. Lundon. 

IaITA'r AND F(:OI.U(.Y Transitiotnal zone tnn evoione btwet,-n grasuland and larest 8. F.ast Acrican(24). pre:terably thick thnorn hinsi or aLat la scrnn. ut Widlie Soceety Scinnific sod Tc:rhnicalalson more open country and Connmttee. Report. of the Workint; Cronp on the Distribution 
occas ional ly eve'rgrecn tuoneOt (28). Thit! black rhino is a brow:ner and I Ives on a and Staus at Fst African Mansiil 1977. I1la I: !.argo 
variety at bushes anni shrubs. It is usu.illy inactive duritg tine he.ut 01 nhe day Mamnil. . 

(13; 24). The only stable social unit is the notioher-child absociaLlun (24). A calf 9. Frame, G.W. 1971. 'he Black Rhinoceros. Anietls 1: 692-699. 
Is produced by the tol.tie about every 2%-A years (24), the gestation period being 10. Criemwood. I.R. 1975, pets. comm. 
apptinxLnnatelI L5 montis (9; 24). I1. Godda d, J. 1970. Age Criteria and Vital Statistns of a 

Black Rhin-iceros Population. E. Afr. Wildi. J. 8: 105-121.
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NORTHERN SQUARE-LIPPED RHINOCEROS 

Ceratotherlum slmt cottoni (Lydekker. 1908)
 

Order PER ISSODiCTYLA 
 Family RHINOCEROT[DAK
 

STATUS AND SU11MARY Endangered. Sporadic distribution in S.W. Sudan. N. Uganda. 

N.E. Zaitre acnd possibly the Cettral African Empire. 
Kay total as few .1s 500 andcertainly less that 1000, of which 400 are 
in the Caramba National Park, Zaire. 

Endangered by poaching fur 
its horn and disturbance by military operations.

Effective ban ut trade rhino
in hero needed, particularly on import to Asian 

countries, 


DISTRIlbilION Africa. Formerly raeged fron soothe:torern Sudan between 4 and I] N. 
to southeastern Chad and south through the eastern Central African Empire to 

aoctheasccrn Zaire and nurthwestern Uganda (1; 11; 14). Now has an extremely 

sporadic distribution within this range, 
still occurring in southwestern Sudat,test 

uf the White Nile; in Uganda in the Ajdi 
Wgae Reserve nod Kabalega National Park

(where 	it has been introduced), 
In Zaire in the Garaaba National Park (1; 3; 6; 13;

14); and perhaps in the cast of the C.A.E. (12). 


POPULATION Possibly as few 
as 500 and almost certainly less than IOO. Zaire: 

a 
1976 FAO survey of Caramba National Park estimated over 400 rhinos and from the 

Large number of calves concluded that tie population was healthy and expanding (1O). 


tA 1960 estImate for 
the park was 1000, but numbers declined greatly In the 19603
IA following incursions into the park by rebels trom the Sudani (3; 10). !Uanda: about 

1O (14). Central African Empire: numibers unknown (12). Sudan: numbers unknown 

(14); none left in the Nimule Natiunal Park which was formerly 
one of 	its main 

atrutAholds. However, a viable populatton persists in the Shainbe Reserve and 

adjoining areas south of 
the Sudd (2). Chad: t-;Clnct (1; 14). 


hABITAT AND EC0I.ixfY Grasslands, whether in open acacia woodland or surrounding 

upon country (14). A grazer, feeding almost enLirely on grass. Usually rests in

the shade in the heat of the day (6; I1; 15). Social system based on iavery

cLearly delineated umosaic of adult male territories (8; 9). Gestation period nabouL 

16 isonths. calving nurmally occarring abour every 2I-3 years (9). 


tHRrATS TO :;IIRVIVAL Poachitig for its 
lurn which in Asian cuuntrier as considered 

to have rphrodiic' propcrties. Di.sturbances .risit, Irom nilitary operations 


(3; LI; 14). 


LONSFVATION MKA.MIRES 
rAKEN The Nouitlern Square-lipped rhinocero is ISlisti Inippendix I 'itthe 1911 Loven'.i,n tn inttrnatinnal Trade in Endangered Specrea of 
dild fauna and Flui, trade in it or irs products therefore bv.ir, subjecL to 'iLrict
regulation by ratifying narions .nI trade Lor iriurtrily cotmnercial purposes banned. 
UIso listed in Class 8 of the 1968 Ali iron Cuovention on the ConservatIo oL Nature 
2nd Natural Resuur-es, which provides that it may be hunted or colected only under 
spelal aurhorijatlon by the competent tuthority. Legally protected but ni.:nt,0ceenL 
has in the past otLen been handiLappel or prevented by civil dibturhances. ikcurs 
tn the Garamba Natiotl Park in Zaire. the Ajas Game Reserve and Kabalega National 
Pa:k I, Uganda, and the Sh.ambe Reserve in the Sudan. 

"ONSERVATION MEASU1RES PRtPOSED Effectlve ban on trade it rhino horn. 	whith would 
ie greatly facilltated it the import of tlhino 	 horn into Asian countriex was 
prohibited. Increased protection In national parks and 
reserves. More precise
 

informatior is needed on distribution and numbers if conservation and management

are 
to be 	properly planned and implemented.
 

IEMARKS For description of species see (1; 
5; 6; 	11; 15). In 1976, 4 males and
 
6 females of the northern subspecies were ;teld in 4 zoo collections (7). The 
nominate C. a. simu, of southern Africa, which is the only other subspecics, was
 
nearly exterminated shortly after the end of 
the 19th century, except In Zululand.
 
However, as a result of good conservation its numbers have Increased so greatly
that 	It 
has now been widely reintroduced to areas of its former range (1; 
4; 11; 14:
 
and is also numerous in zoo collections. 
 This data sheet was compiled with the
 
assistance of Colonel J. Vincent, 
former Chairman of the IUCN/SSC African Rhino
 
;roup.
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NILE I Pt'-.'i;I I 
AFRILAN WILD DOG 

Crocody lus nilciticus 1aurenti, 1768 
Lycaon pictus (Temminck. 1820) 

Order CRCOlI.IA Family CROCODYLiAk Order CARiIVORA Family CANIDAE
 

STA1ITS Vul,'raIt Ito. Nomh..r. have been drastically reduced almost everywhere, STATUS Depleted throughout its range. 
Vulnerable to continued persecution.
largely during the last 20 years to supply leather to meet a world wide demand. shrinkage of range and reduction in numbers of 
natural prey.
 

DISTRIIUJTILN All tol Alrics except the northust and central Sahara; alsio DISTRIabiTION Throughout the savanna regions of Afrl'a south of the Sahara. butalisgAsy Rsiiultit bt l,.b lhly few in the Cowcres. Formerly along the south now reetricted tn non-tatming areas. west as far tas the Ivory Coast and easterncoast of the Meliteriane.au and east to Syria; also in the Seychelles. Nov border ot Guinea then north to Mali. Niger and the southern parts of Algeria.(3)

extinct in Cape Province and rare in Natal 
south of Tugela river, South Africa.
 

POPULATION Depleted throughout: its range. An ItCN surveyIPUI.ATION Destructic,n of hiabitat, e.g. damming of rivers, draining of in 1971 revealed a swamps fair 
nowher outside the nature reserves in South Atrica. aboutZad lakes, and other hum., pressures. militate 140 in Krugeragainst any rehabilitation of the National lark, hut ione in Natal, the Orange tree Stare and most of the tapespecies. All reports agr.e that populations can only be restored by stringent Prover.-; absent from the northern pact of Hazibia and depleted elsewhere; widelyconservation measures. 
 The total adult population in Natal is considered to be 
 spread in Botswana. coon itt their national parki, arid outside; persisting, otily in
fewer than Hot) aoitials. game reserves in Rhodesia; good population- within the protected areas of Zaiibia 
but controlled nitside owing to predstion on the domestic animals of theHABITAT Large riveis and lakes, increasing
fresh water marshes, river mouths and estuaries. human population; rare in lanzauta even in oational parks. Unlcuason in the Uuadirarely in mangrove swamps. Rime-Ouadi Achim faunal reserve in Chad.(.; J.E. Nehy 1976, pars. comm.) 

IIkEEDINC RATE IN WILD Extensive literature, not yet reviewed. HABITAT npen or wooded savanna. Have been observed at the sumit of Mt.D Kilimanjaro and on Mt. Kenya above 2700 =.(I)CONSERVATION HEASURES TAKEN 
 In Appendix I of the Convention on International
 
Trade in Endangered Sperir-s of Wild Fauna and Flora. 
 Protected under class "B" CONSERVATION MEASURES TAKEN They are 
relatively free from persecution in the
by the African Conservation Convention of 1968. Protected in Uganda. 
 However, large national parks 
and game reserves at most African states, hut prejudice against
in many African States the 
Nile Crocodile still has no legal protection, although them 
ms killers still persists, and they are still sometimes killed in protected
it is legally protl in 
,.vst National Parks and Came Peaerves. importation areas. They have full 
legal protection in Ethiopia, hut enforcement is difficult
into the United Stats is. piohibited under provision of the Endangered Species Act. owing to lack of conservation staff and probleaF of poor communications in remote
South Africa has set up a research prtgramme aimed at 
saving the species and areas.(l)
restocking in arcas where it has been exterminated. 

CONSERVATION MEASURES PROPOSED 
 They should he given full protection of law;
the
CONSERVATION MEASURES PROI'OSED 
 Enforced protective legislation should be in 
 control measures should be caretully supervised and eased wherever possible.
operation throtighuot the itire geographical range. The collecting of crocodiles
Mid their eggs should be cotrolled. State Came Departments should assume 
responsibility for controlling crocodile 

REMARKS They are primatily diurnal and hunt in parks of 6 to 20 - sometimes up
rearing and restocking projects. 
 The to 40 in number. 1hey are ecameinly regarded as harmtul to gaze and domestic stock.
IWUr Survival Service Conmission. through its Crocodile Speuialists Group, offers but they play 
an important role in the balance of their environment. 

advice to iterested Governent agencies for such projects. IEFERENC.S I. Bolton. M. (in prems): Notes on the current status and distri

4N1BERS IN CAPTIVITY Still to be reviewed. 
 hution of some large maamials in Ethiopia.
 
2. Oort, J.. and Dandelot. 1'. (1970): A field guide to the 
larger


StEEDING POTENTIAL IN CAPTIVITY 
 Rearing of Nile Crocodiles umder controlled 
 mamal, of Africa. Collins. London.
 
t ihs een shown to liequite feasible. J. Meester,identtftcatitrir .ndJ.. Setzer. ii.W. (1971):
manotel. The mantls of Africa: anSmithsonian 
Institution Press. Washington 

IRFERENCES I. King. 1.1. and Brazaitia, P. (1971).of Comneercial Crocodilian Skins. Species identification
Zoolog ica 56(2): 
 15-70. 4,.. Richter.. We
Id. wii,(19/2): Remarks on present distribution snd 
Nof r CooiinSis562:17abundance 

of some South African carnivores. 3. Sn. AIr. hlildl.
New Yo~rk. 
ttt Assoc. 2 (1): 9-lb.2. Cott, II.R. and Pooley, A.C. (1972). The Status of Crocodiles
 

in Africa. IIUCN Publ. N.S. Suppl. Paper 33: 
 91 pp.
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SUDAN 

KHARTOUM 1 

0 100 2OO 

1. Southern National Park. 
2. Dinder National Park. 
3. Nimule National Park. 
4. Sabaloka Game Reserve. 
5. Mbarizunga Game Reserve. 
6. Bire Kpatua Game Reserve. 
7. Tokar Game Reserve. 
8. Rahad Game Reserve. 
9. Mongalla Game Reserve. 

Figure 1. Protected Areas Listed by IUCN (1971)
 

Source: IUCN. 1971.
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Table 3. National Park and Game Reserves Information
 

Gemeral Introduction: 

The legal basis of the Parks and Reserves of the Sudan is provided by the 
Preservation of Wild Animals Ordinance and Regulations, 1935 and the National 
Parks, Sanctuaries and Reserves Regulations 1939 L.R.O. No. 23. 

In addition to the three National Parks, some fifteen game reserves in all play 
an important part in assuring the protection of the country's wildlife assets, which 
include many interesting and some very rare species. With the concurrence of
the authorities in Khartoum, a perhaps somewhat arbitrary choice has had to be 
made of the six of these for inclusion in the List, as generally satisfying the criteria 
of effective management laid down by the I.C.N.P. It has nevertheless been 
deemed appropriate to give a fair amount of detail about the nine other Reserves. 
when listing them in Section V. 

Administration : responsibility of the Ministry of Animal Resources (Game and 
Fisheries). It is noted with regret that at the time when basic work on the present 
edition of the List was approaching completion (January 1966) political troubles 
were hampering effective administration of the five areas situated in the southern 
Provinces, namely Nos. I, 3. 5, 6 and 9 on the List. 

Land tenure: all the land is State-owned. 
Research: largely sponsored by the University of Khartoum; in 1962, the 

protected areas were visited by a qualified ecologist. 

I. Soun HRN NAT1OHAL PARK. 

a) Status: total protection; a generally uninhabited area, but occasionally 
at the beginning of the rains a few nomadic herdsmen with their stock find 
their way into the Park; no cultivation. 

b) Area: 1.600,000 ha. 
C) Staff : 15 units, which is far below the criterion requirement. But the 

Park deserves a place in the List in the light of the total absence of permanent
inhabitants and the known intention of the Government to reinforce the staff 
(60 men have been requested), as soon as the political troubles of the region 
permit. 

d) Budget: U.S. S 12.000 (as against a criterion requirement of S 80,000. 
but the same consideration as above apply). The actual allowance for staff 
salaries is $ 6,000, compared with S 20,000 for the Dinder and S 6,000 for 
the Nimule National Parks, but a further provision of about S 28,000 under 
4 budgelary heads is made available for the general running of the three Parks. 

Date established: 1939. 
Tourism : when political conditious allow, a great deal will have to be done 

to attract and welcome tourists to this remote area, where roads and hotel 
accommodation are scarce. The intention is to develop such facilities as soon 
as those for the Dinder National Park are completed. 

Altitude: 600 m. 
a) Fairly flat country, covered by bush and with some gallery forest. 
b) Elephant Loxodonta africana, white rhinoceros Ceratotherim simum. 

giraffe Giralla camelopardalis, giant eland Tourotragus derbianus, hartebeest 
Alcelaphus buselaphus, kob Kobus kob, roan antelope Hippotragus equinus.
hippopolammr H. amphibiui. giant forest hog Hylochoerus meinerzhageni, leo
pard and lion Panthera pardus and leo. colobus monkey Colobus polykomos, 
crocodile Crocodylus niluticus.
 

c) White rhinoceros.
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2. 	 DINDER NATIONAL PARK 
a) Status: total protection; exploitation of gum arabic is allowed in the 

western sector, but under strict control; measures to suppress poaching have 
been taken, but the biggest threat to the area stems from an agricultural deve
lopment programme which was being put into effect in January 1966. and 
involves an irrigation canai liable to cut an important annual migration route 
of various wild ungulates, which are already slaughtered in large numbers when 
they venture outside the Park. 

b) Area: 650,000 ha. 
c) Staff: 42 units, including a game warden and assistant game warden; 

it 	was intended to raise the staff to 70 units as soon as possible.
 
d) Budget : about U.S. S 35,000 (criterion requirement S 32.500).
 

Date established: 1935. 
Tourism : a motor road crosses the Park from north-west to south-east and 

a dozen branch roads lead to the good game areas; a rest-camp with 50 beds 
at 	 Galegu in the west of the Park, and three other camps; look-out posts 
(hides); an airstrip is planned (1965). 

Altitude: 700-800 m. 
a) Acacia seyallBalanites aegyptiaca thornbush savannah in the north, and 

Combretumnihartmanunianum woodland in the south; clayey flood plain of the 
Dinder and Rahad rivers, with dom palm Hyphaene Mhebaica or gallery forest 
of Acacia sieberiana, Tamarindus indica and Ficus spp. along the banks and 
swampy areas (reeds, Nymphaea spp. and Jpvmoea spp.).

b) Giraffe, hartebeest, reedbuck Redunca arundinum. roan antelope, bush
buck Tragelaphius scriptus, oribi Ourebia oribi, waterbuck Kobus ellipsiprymnus. 
greater kudu Tragelaphus strepsiceros, several species of gazelle, dik-dik Mado
qua sp.; buffalo Syncerus caller; lion; ostrich Siruthio camelus. Black rhino. 
ceros Dicerox bicornis, leopard, cheetah Acinonyx jubatus. elephant (during 
rains). hyaenas H. hyaena and C. crocuta and jackal Canis mesomelas also 
recorded.
 

c) 	 Black rhinoceros (?). 

3. 	NimuLE NATIONAL PARK. 
a) Status: full protection, entry by permit only; there are no inhabitants 

or domestic livestock; a little fishing is allowed in the Fula Rapids; the Park 
is of course in an areas which is at present in a disturbed stale politically. 

b) Area: 25,600 ha. 
c) Staif: 10 units, including a game ranger, responsible to the Sng,,t 

Inspector of Game Preservation at Juba; this more than satisfies the crutcri,, 
but, due to the proximity of the Uganda frontier, the area needs close suprX 
vision. 

d) Budget: U.S. S 12,000 (criterion S 1,250). 

Date established: 1954, previously a Reserve since 1946. 

Tourism : not yet developed, but this Park could be a great attraction 
the animals are not shy; easy access could be provided from Uganda by r 
and river steamer to Nimule and there is a ferry across the Nile. 

Aliiude : 500-800 m. 

a) Plains bordering the Nile. with the ltlingua mountain chain on the %%..i 
cut by " khors" or valleys, through which small streams flow; Fula RapI 
bush and savannah with a sprinkling of Tamarindus indica. 

b) White rhinoceros, elephant, buffalo, waterbuck, reedbuck, harlebecut. 
oribi, kob. hippopotamus, warthog Phaccihoeruus aethiopicus. 

c) 	 White rhinoceros. 
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4. 	 SABALOKA GAME RESERVE. 

a) Status: full protection of fauna and flora, though there is a very sm.Il 
human population on the western border and a narrow strip of cultivation 
along the Nile; also some risk of poaching because of the proximity ,'t 
Khartoum. 

b) Area: 115,000 ha. 

c) Staff: only two guards, but frequent assistance given by a neighbounng 
Game Warden and his 5 scouts. 

d) Budget : no details, but criterion should be covered by staff salaries and 
allowances. 

Date established: 1939. 

Tourism: no special organisalion but a number of visitors come from 
Khartoum. 

Altitude : 800 m. 
a) Rolling hilly country for the most part, on the left bank of the Nile: 

valleys with scattered Acacia bush and Panic'tin tiirgidum grassland; suitable 
habitat and an assured water supply in the nearby river for the wild shee~p 
and ibex which the Reserve is specially designed to protect. 

b) Aoudad or Barbary sheep Amniotragus lervia, ibex Capra ibex (reintro. 
duced in 1948, after having vanished at the end of the last War). 

5. 	 MBARtZUWIA GAME RESERVE. 

a) Status : protection of fauna and flora; uninhabited region, with nil 
poaching, but sitwited in the zone which is unfortunately at present in a disturbed 
state. 

b) Area 15.000 ha. 
c) Staff one game guard tinder the supervision of the Game Preservation 

Officer at Yambio and assisted by Forest Department staff. 
d) Budget: provision for salaries covers criterion. 

Date established : 1939.
 

Tourism : not yet developed.
 

Atitude: 800 m. 
near the Congo-Nile watershed; woodland 

a) A rather flat area. though 
forest; papyrus.derived from equitorial rain forest; gallery 

silvi
b) Bongo Tatrotragui earycerus. yellow-backed duiker Cephalophas 

chimpanzee. colobus monkey.cultor. giant forest hog, 

6. 	BiaE KPATUA GAME RESIRVE. 
a) Status: protection of flora and fauna; no human occupancy; the Reserve 

is 	 in the presently disturbed zone. 
bi Area : 12,500 ha. 
ci Staff: 2 game guards. 
d) Budget : provision for salaries covcrs criterion. 

Date established: 1939. 

Ahitude : 800 m. 
a) Like No. 5 above is fairly flat country, thot gh near the Congo-Nile 

watershed; rain forest with dense undergrowth. 
b) Bongo (it is of interest that this animal is left alone by the local Zande 

people, who believe it carries leprosy !): yellow-backed duiker. elephant, buffalo. 
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7. TOKAR GAME RESERVE. 

a) Status: total protection of flora and fauna, but a few people live in the 
area, which is free from political troubles and not far from the Red Sea; 
used for grazing domestic camels. 

b) Area: about 12,500 ha, but another contradictory report gives the much 
larger figure of 650,000 ha. 

c) Staff: a Game Officer and five game scouts are stationed not far away 
at Sinkat and devote more than half their time to this Reserve. 

d) Budget: salary provision covers criterion. 

Date established: 1939. 

Altitude: 200 m. 
a) Desert salt-marsh area near the Red Sea, including the periodically 

flooded Tokar delta, with some Acacia torlilis scrub and part of the less arid 
Karora hills with relicts of dense Olea sp., Juniperus procera and many inle
resting plants. 

b) Ibex. a few gazelles including Gazella rui/irons and G. soemmeringi. 
roan antelope, greater kudu. leopard. 

8. RAHAD GAME RESERVE. 

a) Sta., : total protection: an uninhabited region adjacent to the Dinder 
National Park and near the Ethiopian frontier. 

b) Area : about 12,500 ha, but again there are contradictory reports giving 
a much larger figure. 

c) Staff: benefits from the proximity of the Dinder National Park ant. 
fact that a Game Officer and five game scouts arc based not far awa. 
devote about 3 weeks per month to supervising this Reserve. 

d) Budget : salary provision covers criterion. 

Date established: 1939. 

Tourism: a few people come to this Reserve when they are visiting ii, 
Dinder National Park. 

Altitude: 700 m. 
a) Savannah; Terminalia laxiflora, Sclerocarya birrea, Combretum harm . 

nianum. 

b) Giraffe. hartebeest, reedbuck, oribi, ibex, roan antelope, bushbuck, Sthii 
mering's gazelle, waterbuck, greater kudu, lion; ostrich. Black rhinoceros .i.., 

reported. 

c) Black rhinoceros (7). 

9. NIONGALLA GAME RESERVE. 

a) Status: free from human occupancy and exploitation, although situatJ 
in a strip of country 40 km long and 2 km wide between the Juba-Monglil 
road and the Nile; the only disturbance comes from footpaths leading frin 
villages on the other side of the road down to the river, but the Reserve i 
of course in the zone which is at' present politically troubled and extensi%: 
seasonal poaching has been reported. 

b) Area: 7,500 ha. 

c) Staff: one Game Scout and two game guards responsible to the Game 
Protection Officer at Juba. 

d) Budget : salaries of staff would cover criterion. 

Date established: 1939. 

Altitude : 500 m. 

a) The Nile riverine plain; well-scatered large trees, including dom palm 
Hyphaene, with no undergrowth, open grasslands in seasonally flooded areas. 
no obstruction to game-viewing; a favourite watering-place for wild anima, 
during the dry season. 

b) Elephant, buffalo, black rhinoceros; giraffe, zebra Equits burchelli bhn::. 
cland Taiirorragns oryx, roan antelope, kob, reedbuck, walerbuck, bushbuck. 
lion, leopard, cheetah, hyaena; ostrich. 

c) Black rhinoceros. 
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Armea idluded: 

As indicated in the General Introduction. it is probable that some of the ninc 
Reserves detailed below deserve to be in the Ust as much as some of the si\ 
chosen, but the reasons for their exclusion are briefly mentioned. 

1. Zeraf Game Reserve (1939). 
675,000 ha. no permanent staff, but an annual patrol is undertaken by the 

Senior Game Officer at Malakal; designed for the protection of the Nile lecbwc 
Kobus megaceros population between the Bahr cl Jebel and Bahr el Zeraf and 
of the sitatunga Tragelophus spekei. 

2. Numatina Game Reserve (1939). 
250,000 ha, but only 2 wardens; lies to the north-west of the Southern National 

Park and has a similarly good selection of large animals. 

3. Bengaigai Game Reserve (1939). 
150,000 ha, but only 2 wardens- thick forest with fauna similar to that of 

No. 6 Bire Kpatui. e.g. bongo. 

4. Buma Game Reserve (1960). 
135,000 ha. but only 2 wardens; a mountainous area on the Ethiopian frontier, 

north-west of Lake Rudolf, with exceptional concentrations of game animals tending 
to migrate into Ethiopia; there is a village on the plateau and grazing of domestic 
livestock; inaccessible by road during nine months of the year. 

5. Shambe Game Reserve (1935).
 
100,000 ha, but only 2 wardens; near Lake Shambe, papyrus marshlands with
 

some HyparrhenialSetaria grassland and savannah woodland; habitat of the Nile 
lechwe (now scarce); other large animals including a few black rhinoceros, giraffe, 
elephant, buffalo, etc. 

6. Badigeru or Bandingilu Game Reserve (1935). 
50,000 ha, but only one warden; marshland near the Nile, with poor Acacia 

seyal thorn savannah; situated north of the Mbarizunga Reserve, No. 4, and south 
of Bor; black rhinoceros, elephant, giraffe, buffalo, zebra, eland and lion. 

7. Juba Game Reserve (1939). 
30,000 ha. but lacking proper supervision except for visits of inspection from 

the Juba headquarters of the Game Department (Southern Region); remnants of 
deciduous woodland bordering the Nile, now mainly grassland with many water 
channels; also many villages in the Reserve; white rhinoceros, elephant, buffalo. 

B. Ashana Game Reserve (1939). 
30,000 ha, two guards, but the Dinka tribesmen use the Reserve to pasture their 

cattle; grassy plains, with some gallery forest and woodland savannah; designed 
specially for the protection of the giant eland. 

9. Fanyikang Game Reserve (1939). 
13,000 ha, but without proper supervision: situated on an island in the Nile 

sudd region, a little to the east of Lake No; lechwe, sitatunga. 
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Appendix VIII
 

Sudan Sections in:
 

Environmental Policies
 

in
 

Developing Countries
 

Source: Johnson and Johnson. 1977.
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I. ENVIRONMENTAL POLICY IN GENERAL 

A. PROBLEMS 

Insuflicient inlmsatoral coolisetaiui. 

8. POLICY 

Srcan's evulualion Is th~atpollution aid nuisance usually viewed s peotbemsof 
ire highly dlevtipead r.atens re reailly a garisj of the diffrence between the 
geitrsuisrl Ul ts Jtie piorulenit e" tihmeaui Iln for Ihek coirol; aomsol 
cuo irlcioey which Ire lst dvesokspIl cusiin 1etdo rnothave.1 

C. LEGISLA TION 

D.ADMINISTRATlION 

II. 	 USE OF NATURAL RESOURCES AND 
ENVIRONMENIAL CONSERVATION 

0% A. AIR 
00 

A.PROBL EMAS 

stirnis In the holtit seasons cesta pollution 
alt livliij tlrishjs. dirl qguoda lcreate*y; alsdraa Ilranio taliao prolemst
itutrut kniet g itrvurlriflty 8ra1 Ilrease. tirair failure aid sfidiing.I 

I D)ust 	 which dimal.s health ol 

2. Prllurito- createid by Ines did grass, btua fviot ictllhialpiximss.I 

B POLICY 

C LEGISIATION 

lir IoLrdTr'afic Act 1962 

V. AIMINISIH'4[iN 

2. FRESH WATER 

A PROBLEMS
 

I Irarlelijirat water IIsjIeirl. irsufliciel itinational cuoperation to vulve 
this pirboonli 1 
2 lr Jour psuJiuklrol ilreNile Atal While Nile Is Wslted with waesr hyadnth 
Ehsclh cia#Vsorq Rerulti in obtltru:loun of pumps. catalthydincso icplants; 
teduclain ul Ilnt resoures whh it ptaticlarly unfwolurrale in he ai raieWbe 

this is the main soutcolo food; creation oflavouakle cordltlois fIor 4ulhoi. 
sinulis. crocutiles arid poisonous sakes. In selhliion, much water is loss by 
esapotransikalisn anidit may sported to tihisnergb-shirr rgotntsrraI
3. if ij River Stllatn cafe. lew sta in eiductiot ofeffect" sioage cpacity 
of dams aid the lertility of land ullorsseam.I 

B POLICY 

Tie National °Freedom Irm Thost" comparJn was haki corictsicled in 1912 
mainly for tise promoton ariilnziauvineselit of water r cJsrrrent.

1 

C. LEGISLATION 

1. rho IVhr'flycultlhAct 1960. fAtoterJ 196 rsitols aOlid1969) pevens 
itr sicad .1 walr hysicorir inrivers a waterways. Provdes ILKdederatain of 
inscsted areas,qstalidnenh t of roitilul iosts ic 
2. Varlout ljrisirtln relaied Ito the Nile Pup1 rs iontrutl fActs regulatlons,
arIisdnserts teiwets 1961 and 1968) Cuictirre mainly with the practice of 
good lonb.rtordliy and effective rimeo water. 
3. rise Nle Wter,Use Cocrrol (Tewo,,rres) flcgulatints 1969. 
4. Tre Eltricity ark/ Woter Srqply Act. 1%0. The Cnltrl ElectricityacIf 
Water Corpie ton Act,1966. 

D.AOMINIS rRA TION 

1. Miisttyol Irtiatron and -lydicoElecsilcly. 
2. Larod Use ard floral Water fle|eklrre | Board. 

3. SEA WATER 

A PROBLEMS 

8. POLICY 

C. LEGISLA TILiv 

0. ADMINISYJRA TION 

4. SOIL 

A. PROBLEMS 

I. Erosion acid lenudailr caused by goats and imrope aiplication of
 
rst.ollet miasures.
 
2 Salinatsioi u soil will beconie a problen became of the incieasin useol
 
fectilhrlt,
 
3. Shiet erosion aid gullying dutr to reriettler ol of mounrtai dwelln trllbes 
on toAds ind hillsides 



4 Erosion of loest soilsdue to the *.tem climatic condiliona. fies.andthi 
krttal ciCarar undeirtaken in •lforisto eradicate the Sliis fly. 

B. POL ICY 

C. LEGISLATION 

1. The Agroemefrl for Ih e&staitlishroret of Arab Center for the studies af Dry 
and l1arFn Land Act. 1910 Includes(ltitilhcal1icn) ialxy and clasitlrcalion uf 
soll. 
2. The Unragrr'ered Land Acf, 1970 lArlntried 19711. All unregistered land Is 
gova nnartll pio, ly. 
3. Trhe Ajpr- vic' Ior itrlr siwrrt the Arab AgrrnsItural orcloripnrerrt 
Oriliairlutrl (Ialirtrr.atrr),Act 1971. Cuitteinsed with 5iamseivliteri of nalurll 

resmuces. 

D. ADAfINI$STRA TION 

I. M1insiiy of Irrigalscn rdlydro Electricity. 
2. Lam Use arid Ruet Wallm DevrlpneitllSoaid. 

5. FAUNA IINCL. FISIIERIESI 

A PROBLEMS 

I Cliaitjes In Naturl Ilabiiat have selh cl ile population of wild Tianimlns. 
Inceas iit tige ilredlurlica scemies Is alilai scilltural exnple oi this. 
2. Dl4iiita rrrlli l Iacrlctcti. sine sfrcWS Of wild animals e in ilanger of 
eailixtior.baocasrol ilteJll hunrlra anal irlictcion. The Summreringj gaelle Is an 

t 
7"narticle I thi. 
3. Cuinrirrscial luntiig accounts fior ni'rii klt of wildtile. The commercial 
exiloIrlalmn uf lUlrairds has lesuiltarl ainar aosion ir the laoon fmopu:l-icn 
whclr lies bain very diuIuclive to cliacisai donissit:c stock. The ostiich Is 
vasrshiing altliijh it is ar, eliciril itder. "1.cc are killed aritally lot their 
leathlrs. wich is used in Sailanie army urilorm hats adl lot alietherwork 
UnrOerilatl d a teal in c rr l ilheaccounts lsatipeassice of tlitsAhns fr ire 
clocutrile from the Nile waits, 
4, t aik cl Wrhilfhe clavloieiinl lot lum ciopplng Inmany inslaruces diaritestlc 
arirnirl prove tuOiluriswii.s.i3 practicatl lacking In proltin. inie 

. 
by Ie 

darirjrijlg to vyextatioll ictlstill. and rivwVslower flnisrcial retuins 2 
stilllo rr Irisit icrrl ri ciU lmatierrs ilschlrndix lot exarmple. thl collection 

uolepheil luaItor auclin 

I POLICY 

1. limre as setreli ilrtlilit ollauottalcinf the vised ard in mine cases roe 
spc iesul wikulie. 
2. Thre Nartisiral Parks. fiteen Gairie HeierVes and lilteen Geme Sanctuaries 
have been aaLlslrhh 
3. Much resserch is cas taken ort the study of wildlie. 

C. LEGISLATION 

I. Game Prervaulon Ordrnarwe, 1935, [band on London Convention 1933.This 
became inaequato In prcl ice because of the large numbers of arms in existence. 
2. NationalParks, Sanctuaries ans Rosew's Regularons 1939. 

0. ADMINISTRA TION 

I. Ministry of Natul Re3outcan and Rural Devolo;natt. 
2. G&..:v and F rrv aS Department. 

3. Ministry of Ar:mial Production; Game wid Flisherie Department. 
4. University of Khartour. Opartmenl o Zoology. 

I. FLORA (INCLFORESTSI 

A. PROBLEMS
 

I. Plant succession and ecology of the p aim have been really dihturbldby do 

absence of grating by the lmosA exiliict herds of the Soemm irng Gelle. 
among oci l. I 

2. ronstant retreat the forest line dot to shiftlingof cultivation aid ovcustodllrm 
1

of dometlic animals stoueiSicarce wdte points.3. Se Sec. 11(4) A. 

8. POLICY 

1. It is intenled in ilsignate b% oil ia country as forest reerve; up so now onl 
05%or 3 mllion tiddan have bart designated. Indigerasut te secias ee 
favotirred wluierever posilt alloaslatios are oio realoreslalos pOgrm .t 

2. Cutting is conaceistrlil aidl curillald in control and irovinciail forest rewse 
in as to facitriate nmartiate recoding and irmce live claceis in otherI 
fw . 

3 Reten etisblitrenl ot a loest rsarch arid enlucalion Institute by the 
govtirnnllt in coutratrio with tire U.N Special Flid. 

C LEGISLATION 

D ADMINISINA FION 

I Ministry ol Natural Resources andRural Developnent. 
2. The Sulrarse Graisale fovst. ls Associat i. 

7. NON-RENEWABLE RESOqInCES 

A. PROBLEMS
 

8 POLICY 



C LEGISLATION C LEGISLATION 

0. ADMINISTRATION 
D. ADMINISTRATlION 

S. REGULATION OF NOISE 
A. PROBL1EMS 

II. ENVIRONMENTAL PLANN:NG 

Noise population In the usban cenhes. 

B. POLICY 

1. LAND USE PLANNING 

A. PROBLEMS 

C. LEGISLATION tsullsicient develIpment p1ojecltl 

The Road T/ ftc Ordrmance. 1941. An Ordinence to povitle Im the Ilcmciil. 
taaation and ountial of road traffic includes taguiletons regading the um0of 
tilencecs while In towns endvillages. 

a. POLICY 

C LEGISLATION 

0. ADMINISTRA TION 0. ADMINISTRA TION 

(3 

. SOLID WASTE DISPOSAL 

A. PROBLEMS 

2. HUMAN SETTLEMENTS AND HOUSING 

A. PRUBLEMS 

Inadequate facilities fat saw e disposal; "the bulk obstructs roadwas 

bloid.is inays dildes. pesilts plasit growth which would othise stabilize
the soil l ha. a ,.t1..ing eflect on ih*visual envionent. 

l 

ettn. 
1. (OvIt rowvd d' al|t. cno liluatt' kmandIfl; high cards, poow housl 
hailities. fiction cantets camor fill ronTtahe fae auwpinylpmt.2. Poor health conditions inadeqluate facililsue. Many diseaserselmatdto por 

B. POLICY ariTu el condii1 

C. LEGISLATION 
D, A DMINIS RA TION 

B. POLICY 
C. LEGISLATION 

D. ADMINISTRA lION 

10. HAZARDOUS WOBSTANCES 

A. PROB EMS 

I. Ato;ac isigy anidradlictlive mateiials at used In medical applicaton. the 
curiditon ul equilu sont l Iyai loCtIl devices Iaidrqiate.' 
2. ltnasci "s oatststotilu has caused corrosion ot poweiste lowea•. 
Included In 1tew IesIii t aI ITIrnnsIstm 4 alu•llnd W b 
3 1i use of hanlcklet to exlwtul wlt. hyacinth Is &constanl tweet to cops 
on isigatel lsi, asmtlally ca-llon.

t 

3. ENVIRONMENTAL ASPECTS OF 
ECONOMIC DEVE' OPMENT 

A PROBLEM 

B. POLICY 

C. LEG ISLA TION 

B. POLICY D ADMINISTRATION 



4. PROTECTED AREAS IV. ENVIRONMENTAL SCIENCE 
EDUCATION AND TEC!"NOLOGYA. PROBLEMS 

B. POLICY A. PROBLEMS 

In addlion to thiiaNational Packs. some 15 gmie ceslawim all play an 	 Insuicllent conmen forewkonmental quelonsby thoseliving in le ciis and2insp. ndllpat I at suaarJ the laltliuef isis whid 	 populated falming a as.theaunlty'swil.lile 	 In densely4 
include ia"y icltinsUluxii mid uirne vey cre 4ecewes.

5. POLICY 

C.LEGISLATION 
1. EIfforts to anal. more interest in willl.e aic. in sdhools. ihrough |Inlm.

1. Presrivalaun of WjdI Aninials Oflt,'efrer and Ropulatons. 1935. 	 lactures. 8c.
2 

2. Nat.oal PicAs, . isuacws amodIits.,rvis Regulations, 1939 L.R.O. No. 23. 	 2. SeaSac. II (N S. 

D. ADMINISTRA lION 	 C LEGISLATION 

I. Ministry ol Animal Pcoductin; Gaine an F ishreies Department. 	 D. ADMINISTRATION 
2. Merisory ofHiaural RFleJuicis arnd Aural Developmenl. 
3. Unwrasity ofK luactonm. Dtcaccmetllme Zoolugy. I. Minitry ol Animal Productikn; Game and Flihsere sOpalmnent.
4 Tise Sudatnes (iclsseual Frcesisec As ciadeu. 2. Ministry ol Educalon. 

3. University of Khartoum. 

6. CLIMATIC AND GEOGRAPIIIC MODIFICATIONS 

A. PROBLEMS 

8. POLICY 

C. LEGISLA TION 

D.ADMINISTHA T#JN 

6. POPULATION POLICY 	 BIBLIOGRAPHY 

A. P1*081 EMS I. 	 Summary of Nalional Raport o tieUN Conlence on tie Human 
B POL ICY Envuonrienl. Sudan Desuocraleic RReflic) Naeiornal Council fot Remaich. 

Khmioum. 1911. 
C LEGISLATION From Te Human Envwionmanl: Vol II1: -ummnies of National RApoels 

on Envuonmntal PiobamC" Fmvkonment Suomes201. 
D ADMINISTRATION Woodwow Wilson Inlebnallo.oal Caner florScholars. Winstrvon D C 1972. 

2. 	 Paper. TIa Role of in Social and Economic Development of lheWlillife 

Southern Sudan. Mabsy alnd Kultud.Sudan Veteinary Asocisa ion.
(Ipresnted at Southern Social anedEcoomic Developmenl Confence;
Jrt".Sept. 191fll. 

3. 	 The Sitalan's Yeartbook 1072-1913.Ed. John Paiton, Macitleii Pies. Lundlon, 1l72 
4. 	 U.N. List ol NAteo al Pans wd Equvalac Hxweoies I U C N Inlenaideual 

Comnissus~scon National Parks ,uosselh. 1971 
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U.S. AID Projects in Sudan
 

Source: U.S. AID Computer Data Files
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COUNTRY/UREAJ 
PROJECT NUMBIER 
PRUJFCT TITLE 
PROJECT SUMMARY 


t J 
-J 

COUNTRY/UHEAO 
PROJECT NUMBER 
PROJECT TITLE 
PROJECT SUMMARY 

SUDA I
 
650001000
 
SUDAN-LXTt:kSIOl EDUC TRIG rot HUMAN MESW 
OPERATIONAL PROGRAM GRANT SUPPOtTS CONTRACT WITH WORLD EDUCATION TO PROVIDE ADVISORY ASSISTANCE TO AEPAD
 
UNIVERSITY COLLLGE FOH MOHEI(AHFAD) TO ESTABLISH THE CAPABILITY TO TRAIN WO1EN TO DELIVER INTEGEATED NOI-PORMAL
 
EXTENSION EDUCATION TO POOR ADULTS(MAINLY MONEY) IN URBAN AID RURAL AREAS. dAIIFAD STAFF AND STUDENTS WILL bE
 
IRAINED IN NEEDS ASSESSMENT, LEARNER MATERIALS DEVELOPMENT, EVALUATION, SELF-HELP AND INCORE-GENlRATIMP
 
ACTIVITIES, AND PROGRAR MANAGEMENT. TRAIVIG WILL BE PROVIDED THROUGH NElLY DESIGNED COURSES AND WOkKSHOPS AND
 
DURING VISITS TO EXTENSION SITES. OCCASIONALLY, SUDANESE GOVERNMENT MINISTRIES AND PRIVATE AGENCIES MILL BE
 
INlVITED TO PARTICIPATE IN TRAINING VOHKSHOPS. &PHASE ONE ACTIVITIES VILL BEGIN VITH NORKSUOPS TO STUDY
 
INSUFFICIENCIES OF OTHER EXTENSION DFLIVERY AGENC-AtS IN ORDER TO AVOID THOSE MISTAKES IN DESIGNING AHFADOS
 
STRATEGY. COURSES O0 THE PROCESS, TECUNIQUES, AND STRATEGIES OF EXTENSION EDUCATION MILL BK CLOSELY INTEGRATED
 
WlIH EXTENSION ACTIVITIE , OF THIRD AND FOURTH YEAH STUDENTS. THESE nPPERCLASSNVOEE VILL BE INVOLVED IN SITE
 
SELECTION, LIAISON WITH YILLAGE LEADERS AID DIRECTORS OF INSTITUTIONS, SCHEDULE PLANNING, AND ORGANIZING
 
TRANSPOTATION. THE AHFAD'STAFF WILL ASSESS NEEDS IN SITES FOR WHICH ACTIVITIES ARK BEING PLANNED AND MRSIGN
 
CURRICULA AND LEARNING MATERIALS BASED 0 ASSESSMENT SURVEYS. AFTER ESTABLISHING CRITERIA AND PROCEDURES FOR
 
DISBURSING SELF-HELP AID REVOLVING FUNDS, AHFAD STAFF WILL RECEIVE PROPOSALS, DISBURSE FUNDS, AND DESIGN 
EVALUATING PROCEDURES FOR THESE SELF-HELP AND IICOME-GENEATINIG ACTIVITIES. AT BID-YEAR, MORLD EDUCATOI MILL 
CONDUCT A IIORKSHOP TO GATHER PLNNIRS AND ADBINISTRATORS TO DISCSS AND ASSESS ACTIVITIES TO DATE. INSTRONENTS 
VILL E DEVELOPED AID A SYSTEM DESIGNED TO GET SYSTERATIC FEEDBACK IN ALL ASPECTS OF T"-E PROJECT. ANOTHER OREKSHOP 
TO ASSESS PROJECT EXPERIEICES MILL BE HELD AT TEARS END. PHASE TEO WILL INCORPORATE REVISIONS DEEMED INCESSART 
BASED ON SUCH E]VALUATIVE INPUT. 

SUDAN 
b3?-" 100 
NOHTIIEhIN SUDAN PRIMARY HEALTH CARE I 
GRANT 15 PROVIDED TO THE GOVT OF THE SUDAN TO 1RPLW LNT A PRIMARY HEALTH CARE PNOGRA(PUCP)IN THE SORTHERN REGION 
OF SUDAN. PIHCP IS A COMPREHENSIVE HEALTH DLLIV.RY SYSTEN WHICH IS CONHUNITT-BASEDSPLCIFICALLY DESIGNED TO REACH 
TIlE RURAL POOR & NOMADS,AND RELIES o COMMUNITY PARTICIPATION. THE COMPONENTS OF TU PHCP INCLUDE: I)CORUNITr 
HEALTH WORKEUS(CIIMSS)& NOMAD COMMUNITY UEALTH MORKERS(NCII$S)gIiO MILL PROVIDE SIMPLE CURATIVE & PREVEITIVE 
SERVICES AND WILL PARTICIPATE IN PROMOTLVB HALTH PROGRAMS; .2) PRIBARY HEALTH CARE UNITS(PHCOISJ--SHALL HEALTH 
FACILITIES STAFFED BY CUHWS gHICU WILL SERVE POPULATIONS OF OOO PERSONS; 3)A LOGISTICS/SUPPLY SISTER MUlCH VILL 
PROVIDE EQUIPM-NT,I).UGS . SUPPLIES TO TIlE CHV'eS,NCHN'S 6 PilCUIS; 4)A HEALTH & 1GAT INFORBATIOI SISTER WH1ICH VILL 
COLLECT DATA ON TILE HEALTH PROBLEMS,SERVICES DELIVERED C SUPPLIES UTILIZED AT THE PUlCO. AID WILL FUND "1f.H 
ASSIST ANCETRAIMIEGCOHMFODITIESAND ONSTRUCTIOM OF PHCU*S IN SUPPORT OF THE ABOVE COMPONENTS. &A LONG-THRE 
CO)MMUNITY IEALTU ADVISOU WILL ASSIST TIIE DIRECIOR GENERAL FOH RURAL &. PROVINCIAL AFFAIRS, OH,WITH THE OVERALL 
VOLICI DIRECTION OF THE PHCP. TilLS ADVISOR VILL ALSO PREPARE A REPORT MUlCU VILL INCLUDE RECOMMENDATIONS FOR 
FUTURE AiD ASSISTANCE TO THE PIICP & OTHER GOS MATL HEALTH PROGRAMS, AID A DESCRIPTION OF OTHER DONOR HEALTH 
ASSISTANCE. A LOGISTICS/SUPPLY EXPERT MILL HELP DEVELOP A LOGISTICS/SUPPLY SYSTEM FOR THU PUCP. A VITAL STATISTICS 
EXI'ERT MILL ASSIST MITH THE DEVELOPMENT OF A NATL HEALTH STATS INFO SISTER MITHIM THE BO THAT VILL UTILIZE THE 
i'ICI' FOR GATHEBING MUCH OF THE DATA. SHORT-TERM ADVISORS MILL BE FUNDED UNDER THE GRANT TO PROVIDE AS-tEEDED 
SUPPORT TO PIICP ACTIVITIES & OTHER HEALTH PROGS. aTRAINING FINANCED DY GRANT INCLUDES: I)LONG-TERR US TRIG IN 
STATSPUBLIC HEALTH & LOGISTICS/HGMT FOR 3 11011 (OUNTERPARTS,SHRT-TRR US TRIG IN UNSPECIFIED AREAS FOR 12 BOB 
PERSNNLSHUT-TfH 3HD COUNTRY TIG IN PUBLIC HEALTH FOR 36 DEPUTY 5 ASSISTANT ILT5 COMISSIONSRS; 2)10-DAY 
REORIENTATION sESSIONS 0N THE PUCP FOR 4120 PiIOVIICIAL SUERVISORT :LTII PERSEIL LID 28 10-DA REFRESHER COURSES FOR 
1120 ClIIIS d135 PHLU'S MILL ALSO BE CGOSTRUCTED. 
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S"DAN 
650001800 
BLUM NILE AGRICULTURAL DEVELOPMENT 
GRANT PROVIDED TO THE GOVERNMENT OF SUDAN (GOS) TO DEVELOP AN EFFECTIVE SISTERS APPROACH TO IMPROVING THE ECDORIC 
CONDITION OF SMALL FARMERS AND NOMADIC HERDERS IN THE TRADITIONAL RAINFED PRODUCTION SUB-SECTOR OF SUDAN. THE 
PROJECT MILL INVOLVE z,500 FARM FARILtES AND 3,300 NOMAD FAMILIES WITHIN BLUE NILS PROVINE%. TUE INTEGRATED 
SERVICE SISTERS DEVELOPED, HOWEVER, MILL BE SUITABLE FOR REPLICATION OVER LARGER AREAS DUMING FOLLOW--OR PROJECTS. 
MAJOB C[OMPONNTS INCLUDE AGRICULTURAL HECHANIZATION, ImPROVEHEKT OF AGROINOCIC PRACTICES, LIVESTOCK MANAGEMENT, 
COUPERATIVES, AND CREDIT. &A BLUE NILS AGRICULIURAL SERVICE CERTER (BASC) WILL BE ESTABLISHED TO PROVIDE OVERALL 
PROJECT MANAGLEENT. FIELD ACTIVITIES ILL BE iMPLEMENTED THROUGH TWO "AGRICULTURAL DEVSLOPBENT CENTKRS s (ADCIS) TO 
DB LOCATED IN ESKIL AND KHAREN KfARRE, AS SELL AS A LIVESTOCK HEALTH STATION AT ABU SUENEINA. 4iEBCUNAIZATION 
SENVICLS WILL DE PROVIDED b! THE ADC AT ESEIL TO 1000 FARMERS IN A SMALL TRIAL AREA. USAID VILL SUPPLY THE 10 
EQUIPMLET UNITS CONSISTING OF A 65-HP TRACTOR, WIDE-LhVEL DISK WITH SEEDER Hl, AND A 2-WHEELED TRAILER. &A 
VEIiPICATION TRAILS FARM MILL HE ESTABLISHED AT TI; BASC TO IMPROVE AGRONORIC PRACTICES RELATING TO SESAMR AND 
SORGHUM CULTIVATION AND TO PRODUCE MN VARIETIES AND BETTER QUALITY OF SEED. ONCE THE TECHNICAL PRODUCTION 
PACKAGtS ARK DEVELOPED, THEY MILL BE INTRODUCED TIIMOUGH MEN DEO5STIRATION FARMS AND EXTENSION SERVICES AT ESEIL, 
KHAREM KHAREN, AND AOU SHEEKINA. OPILOT NOMAD GRAZING ASSOCIATIONS MILL BE ORGANIZED AS A VEHICLE FOR IMTRODUCING 
IMP'OVLD PRACTICES WITH RESPECT TO ANIMAL HEALTH, PRODUCTION, AND RADGE MANAGKIENT. IFANMER SERVICES AND CREDIT 
MILL BE CIIANNELED THROUGH 7 VILLAGE COOPS. THESE , PS MILL ACT AS BRANCHES OF A CENTRAL wCOOPtRATIVE UNION= TO DR 
ESTABLISHED AT RSEL HICH, BY THE END OF THE PROJET, MILL ASSUME MANAGEMNT AND FINANCIAL RESPOSIBILITI FOR 
MECUANIZATION AND CREDIT SERVICES. &USAID WILL ALSO FINANCE TECHNICAL ASSISTANCE, TRAINING OF LARGE NURERS OF 
PERSONNEL (PROM TRACTOR DRIVERS TO PROFESSIONALS), COMSTRUCTION, CREDIT FUNDS, AND ESTABLISHLNT OF A DATA 
MANAGEMENT AND PLANNING OFFICE. 

SUDAN 
6500^1900 
PRIMARY HEALTH CARE PROGRAM 
OPhRATIONAL PROG GRANT IS PROVIDED TO THE INTNATL MEDICAL I RESEARCH FOUNDATION fAME?) TO ASSIST In THE 
IhPLENATATION OF A RURAL PRIMARY HEALTH CARE PROGRAM IN SOUTHERN SUDAN. THE OPG HILL FINANCE TECHNICAL a SUPPORT 
PERSONNEL TRAINING £ RETRAINING COURSES FOR HEALTH IORKERSVEHICLESAND CONSTRUCTION COSTS FOR TWO 
Di1sPEnSARIES/TfNG CENTERS, THE TMO PLANNED TANG CENTERS ARE EXPECTED Tin PRODUCE 450 CONUMMIT'f HLTU WORKERS (CUR) a 
1120 SUPERVISOBY MEDICAL ASSISTANTS. A TOTAL OF 56 ONE--WEEK REFRESHER COURSES INVOLVING 1660 CHWMS 6 KDACAL 
ASSISTANTS WILL BE CONDUCTED AT THE TRNG CENTERS OVER THE LIFE OF THE PBOJ. ONE TRS CENTER/DISPENSARY MILL BE 
CONSTRUCTED AT LIRIA,7OKM EAST OF JIJBAAND THE OTHER VILL BE BUILT 500KM AMA! AT AKAT. THE SUDANESE MINISTRY OF 
HEALTH (KOH) MILL HAVE ULTIMATE RESPONSIBILITY FOB THE USE S EAINTEMANII O THESE FACILITIeS-. IBM? PROJ PERSONNEL 
MILL INCLUDE A TRNG STAFF ICONSISTING OF A MEDICAL OFFICERA PUBLIC ULTH NURSZEAND A SANITARY OVERSEER WHO MILL 
ASSIST IN THE BO1S HANPOWER DEVELOPEENT P0*G) sA MEDICAL RECORDS TECHNICIAN (ii MILL ESTABLISH A MEDICAL 
REPORTING SISTEM FOR THE RURAL HLTH DISPENSARIJS) AND A SENIOR SUPPLIES OFFICER 1W9lO VILL DEVELOP A MEDICAL S DOUG 
SUPPLY SYSTEM). EACH OF THESE TECH ADVISORS MILL HAVE A OH COUNTERPART. THE PROJ TRANS MILL RECEIVE TECU 
SADMINISTRATIVE SUPPORT FROM THE AFRICAN MEDICAL 6 RESEARCH FOUNDATIOUS,1SRFOS AFFILIATED HKADQUARTERS S 
OPERATIONAL OHGANIZATION 1 NAIROBIKER A. USAID MILL ALSO FUND 20% OF THE TIE SPENT BY THE RAIROBI STAFF IN 

SUPERVISING THE SUDAN PROJ. IN ADDITIOSUSAID VILL SUPPLY A LANDROVER FOR THE INN? PROJECT TEAM IN0 SCDANFIVE 
LANUHOVERS TO EACH OF FIVE OTHER CHW TRI CENTERSpTYBEER LANDROVERS TO SIX PROVINCIAL |LTH DEPTS;600 BICYCLES FOR 
CHM'S & THEIR SUPERVISORSFOUR GRINDING HILLS TO BE USED BY RESIDENTS WHILE VISITING DISPENSAiESAND VARIOUS 
INSTRU'rIONAL 6 BUILDING SUPPLIES. 
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SUDAN 
03OOO2OO 
iESTLHN SUDAN AGRICULTURAL RESEA3CH 

GHANTTECH ASSISTPAMTICIPAMT THAINING,AND COMMODITIES WILL BE PROVIDED TO THE GOVT OF SUDAN TO CONSERVE & 

SUDANIN PART bY STRENGTHENING r. EXPANDING THE INSTITUTIONALREHABILITATE THE NATURAL RESOURCES OF MESTERd 

CAPABILITIES OF TilE SUDAN-SE AGRICUL.TURAL RESbARCH CORP (ARC) . THE FIRST PHASE OF THE PROJ MILL INVOLVE TOE 

CONSTRUCTION OF RESEARCH FACILITIES. A PROJECT CENTER MILL BE CONSTRUCTED AT BIALA IN MESTERS SUDAN & THREE 

RESEARCH STATIONS WILL ba CONSTRUC1TBD AT EL FISHER, EL OUEIDAMD KADUGLI. THE PROJ CENTER AT BIALA MILL INCLUDE 

ARLSEARCH CENTERtOFFICESLABORATORIZSA DOCUMENTATION CENTER,A CONFERENCE ROONAND STAFF HOUSING. THU RESEARCH 

STATIONS MILL CONSIST OF OFFICIS,FIELD LABORATORIES,FARK BUILDINGSAND STAFF HOUSING. THE PLANNED RESEARCH PROG 

ViLL INCLUDE LIVESTOCK/CROP PRODUCTION SYStEMS RESEARCH AND MITER & LAND USE MANAGEMENT RKSKARCH. TUN
 

LIVESTOCK/:ROP PRODUCTION FROG MILL BE CONDUCTED AT THE THREE RESEARCH STATIONS AND WILL ENCOMPASS THE VARIOUS
 

SOIL TYPES FOUND AT EACH STATION: INTEGRATED LIVESTOCK/CROP RESEARCH ON NON-CRACKING CLAY SOIL AT EL OBEID AND ON 

TlE CRACKING CLAY SOILS AT KADUGLI;AMD LIVESTOCK RESEARCH ON TIlE ARID DESERT FRINGE OF EL FASHER. RtSERCH ON 

MATER & LAND USE RGMT MILL BE DIRE'TED FROM THE PROJ CENTER AT NYALA. REM ADINISTRATIVE OMITS (A PROJ SUPPORT 

UNIT,A PLANNING & EVALUATION UNITAND A TRAINING & EITENSION UNIT) MILL BE ASTALISHED TO CORRESPOND MITH THE
 

ARCBS EXPANDED RESEARCH CAPABILITIES. OAE-:,A Q6 SCIENTISTS 6 SENIOR ADMINISTRATORS & 99 TECH SUPPORT STAFF MILL
 

BE ASSIGNELD TO THE PROJECT. THE KEY STAFF VILL BE CUSPOSED OF SIX SUDANESE & 10 FOREIGN SPECIALISTS. THE
 

AID-RE(LUiTED FOREIGN SPECIALISTS WILL INCLUDE A SENIOR USUCH ADVISOR,A USRCH PLNNG & EVAL ADVISOR.As
 

PROJ DIRECTOR&A SOCIOLOGISTA FARM MGMT ECONOMIST AN AGRI ENGINKRAMeD A LIVESTOCK/CROPARCHITECT/PLANNERA DEPUTY 
PRODUCTION SYST SPECIALIST. EIGHTY MAN-DOS OF SHORT-TERN ASSISTANCE MILL ALSO BE PROVIDED BY USAID. USAID MILL 

ALSO FINANCE OVERSEAS TRIG FOR 28 SUDANESE PARTICIPANTS (6PHD CANDIDATES,5 MS k1DiDAiTS,AND 17 UOm-D-INIz 

CANDIDATES) AND ALL OPERATIONAL COSTS. IBrtD & THE GOS WILL FINANCE CONSTRUCTION COSTS. 

SUDAN 
650002 100 
SUDAh--SOUTHLRh MANPOWER DEVELOPMENT 

I0 THEGRANT AND TECHNICAL ASSISTANCE ARE PROVIDED TO THE GOVT OF SUDAN TO STRENGTHEN THE HUMAN RESOURCE BASE 

AGRICULTURAL SECTOR THROUGH IMPROVEMENTS iN THE TRAINING AND UTILIZATION OF AGRICULTURAL PERSONNEL WHO MORK OR 

MILL MuRK VITH SMALL FARMERS. PROJECT CQDPONENTS INCLUDE: I)STEENGTUENING THE TRAINING CAPACITY OF THU YAMBIO 

INSTITUTE OF AGRICULTURAL TECHNICIANS: 2)STRENGTHENING THE AGRICULTURAL TRAINING CENTER AT NUMBEK; AND 
TANBIO, AN INTEGRATED INSTRUCTIONAL3) STRENGTIIENINt; ThIu PLANA.NG CAPACITY OF THE MINISThY OF AGR AT JURA.aAT 

PRIOGfRAM WILL BE ESTABLISHED FOCUSING ON THE AGRICULTURAL AND SOCIO-ECONOMIC ASPECTS OF TRADITIONAL FAMmiNG 

SYSTEMS. IN ADDITION, CURHICIULUM WILL fiE STRENGTHENED TO MEET 1IE NEEDS OF MOREN AGB DEVELOPMENT TRAINEES, AND 

I'ROIESSIONAL UUL!FICAEIONS OP THE TEACHING STAFF WILL BE UPGRADED THROUGH STUDY TOURS AND SHORT COURSES. A 

LIBRARY MILL ALSO BE LSTABLISHED, AND COMPLEIENTARY TEACHING MATERIALS MILL BE PROVIDED. TIIE YAMBIO INSTITUTE MILL 

BE INTLGRATtD INTO A PROGRAM OF IN-SERVICE TRAINING AND CONTINUING EDUC DIRECTED BY TIHE MINAG AND UNIV OF JUBA.BAT 

RUMNBEK THE CENTER'S CAPACITY MILL BE DEVELOPED TO TRAIN UP TO 120 VILLAGE-LEVEL AGRICULT9IDAL EXTENSIONISTS PER 

YEAR MiTH SKILLS APPROPRIATE TO SMALL FARKER ENVIRONMENTS I SOUTHERN SUDAN. AS EITENDED FIELD TRAINIGN COMPONENT 

VILL ALSO BE ESTABLiSIIED, AND 20 FIELD DAIS PER YEAR MILL BE ORGANIZED FOR FrAMERS/PASTORALISTS INVOLVING SPECIFIC 

ASIECTs OF iMPROVED CROP AND LIVESTOCK PRODUCTION.iAT JUBA PLAN FOB THE PLACEMENT AND UTILIZATION OF YAMBJO AND 

RUMBEK GRADUATES MILL BE FORMULATED AND IMPLEMENTED WITHIN THE DEPT OF EXTENSION. A PLAN TO INCORPORATE KNOWLEDG0 
PRODUCTION INTO THE TRAINING OF AGE TECHNICIANS AiD
ON TIlE SOCIO-LCONOMIC AND TECHNICAL ASPECTS OF IMPROVED AGE 


EXrTENSIONISTS AT YAMBIO AND DUMBEK MILL ALSO hit FORMULATED AND IMPLEMENTED WITHIN THE HINAG DEPT OF RESEARCH AND 

AID SUPPORT CONTINUING EDUC FOR TkCHNICIANS &NDTTAINIW;. IN ADDITION, TUY CAPACITY TO CONDUCT, ORGANIZE, 

EXTENSION AGENTS WILL BE ESTAbLISHED IN THE RINAG AND UNIV OF JUBA, AID CAPACITY TO UPGRADE SKILLS OF 1ABIO &
 

RUMBEK INSTRUCTORS MILL BE ESTABLISHED AT JUBA U.
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SUDAN
 
n5002601
 
WADI HALF& COMUNITY DEVEL:WATER SUPPLY 
OP&-UATIONLL PROGRAM GRANT TO INTERNATIONAL VOLUETARY SERVICES(IVS) WILL SUPPORT A SIX-PART COMHBNITY DEVELOPEENT 
r1OJECT 113 WADI fALFA, SUDAN. UNDER THE FIRST AND PRIMARY SUBACrIVITY, ITS TECHNICAL AND ADVISORY SER7ICES BILL 53 
USED TO INCREASE THE DRINKING WATER SUPPLY SISTER TO A CAPACITY OF 10,000 CUBIC BETURS PER DAY, SKOOGB FOR TBE 
CURRENT POPULATION AND FOR AN EXPECTED 1988 POPULATION OF 30,000. THE GRANT WILLSUPPORT TH COST OF PUMP
 
EQUIPMENT. dA MEN LAKESHORE PUMP VILL BE INSTALLED ON A FLOATING PLATFORM 30 
TO 50 BETERS FRO THE MATERLINE, MITE
 
WATER THEN PIPED INLAND. THIS MILL ELIMINATE TUB NEED FOR ROVING THL PUMP EACH TIRE TiN WATER LEVEL FLUCTUATES,
 
AND WILL AVOID FOULING THE PUMPS MITll SAND SINCE THE MATER WILL NO LONGER BE PUMPED FROM THE SHALLOWS. PLATFORMS
 
MILL HE CONSTRUCTED OF RAIL TIES, AVAILABLE AT THE PROJECT SITE AT NO EXTRA COST. THE EIGHT-INCH RING RAIN MILL
 
REDUCE TO SIX INCHES IN DIAMETER, ANDl OE-IIALF INCH FEEDER LINES MILL B9 RELPACED WITH TOO-INCH FkDER LINES TO
 
PROVIDE ADEOUATE SISTER DISTRIBUTION PRESSURE FOW COMMUNITIES THREE, FOUR, AND SIX. AN ADDITIONAL FILTRATION AND
 
PUMPING FACILITY VILL BE IN3TALLED SOUTH OF COMMUNITY TUBEE, FEEDING DIRECTLY INTO THE 511-INCH RING MAIN. THIS
 
WILL PROVIDE HIGH AND BALANCED PRESSURE THROUGHOUT TUB SYSTEM AND ALLOW FOR FUTURE EXPANSION. A MEN PUMP HILL THEE
 
BE INSTALLED ON A FLOATION PLATFORM SOUTH OF THE NEW STATION. SEDIMENTATION AND FILTER TANKS TO oE USED FOR THE
 
VM FILTRATION AND PUMPING FACILITY VILL BE THOSE SALVAGED FROM THE OLD STATION SHUN 
CONCRETE TANKS ARE COMPLETED. 
ilTIIlS SUBPROJECT ADDS TWO DIESEL ENGINES TO THE EXISTING SYSTEM, WHICH WILL COST APPROIIMATELY 760 
POUNDS (CURRENC) PER ANNUl IN DIESEL FUEL. MORKING 48 1OURS PER WEEK. DOUEVER, ONCE A BALANCED EATER SUPPLT IS 
BEING P-e-'ULD TO EACH COMBUBITY, THE ADI HALFA PEOPLE'S COUNCIL WILL INTRODUCE A WATER RATE, CHARGEABLE TO RCE 
HOUSEHOLD AT A STANDARD RATE. 

SUDAN
 
650002602
 
MAI IIALFA COMMIUNITY DEVEL:YOUTH TRAIN
 
OPERATIONAL PBOGRAB GRANT TO INTERNATIONAL VOLUNTARY SERVICES(IVS) VILL SUPPORT A SIX-PART COMMUNITY DEVELOPHRNT 
P1'RECI IN WADI HALFA, SUDAN. UNDER TilE SECOND SUbACTIVITY, ITS TECHNICAL AND ADVISORY ASSISTANCE WILL BE USED IN 
IRRIGATION, HORTICULTURE, AND ARUOI(CULTURB, .lNtrUDING ON-THE-JOB TRAINING FOR YOUTHS THROUGH FIELD TESTING. &AN
 
IVS IRHIGATIOY AGHONeUIST VOLUNTEER MILL INSTALL PUMPS AND DIVIDE TilE INLAND IRRIGATION INTO THREE SECTIONS:
 
A)HOTICULTUHAL EXPERIMENTS INVOLVING TESTS OF FRUIT AND DATE TREES; D'lNTER ROTATIONS FOR BARLEY, SUGAR CANE,
 
AND WHEAT; C)AND MINTER VEGETABLES SUCH AS ONIONS. BEETS. CAJBiAGR. PFAS. BEANS, POTATOES. AND SALADS. SHADE AnD
 
TIMIBER TREES MILL lit PLANTED AROUND TIE PEIIPIIERY AS A mINDHEpA_ ErPIASIS WILL BE PLPCED ON PRODUCING HIGH-YIELD 
VARIETIES OF TRADITIONAL CROPS TO VERIFY TU MOST BCONOHIC IRRIGATION AND CULTIVATION METHODS. INTRODUCrIOM OF mn 
CROPS WILL AT FIRST PLAY A INGO ROLE. BOIS AND GIRLS BEING TRAINED WILL WORK WITH THEIR PARkETS. STUDETS ILL 
EONK ON SMALL PLOTS TO GROW THEIR ONE VEGETABLES. TE PLOTS BILL BE ON TNO SECTIONS OF TM! FARM (LAKESHORE AND 
INLAND IRRIGATION), EACH OF 50 FEDDANS, AND WILL ABSORB 250 YOUTHS ON A TWO-YEAR PART-TIE COURSE. TNE IRIGATIO
 
AGRONOMIST WILL WORK CLOSELY WITH HIS COUNTERPART HORTICULTURALIST IN SUPERVISING CROP TRIALS. AFTER THE MOST
 
PRODIICTIVE VARIETIES ASE IDENTIFIED, A SEED BULTIPLICATION AND DISTRIBUTIOM SISTER WILL BE INTRODUCED In THR
 
COMMUNITY. SBED AND CUTTINGS WILL BE PURCHASED FRO THE GOVERNMENT OF SUDANOS AGRICULTURAL RESEARCH AND 
DETELOPMENT STATION AT ATbARA. PRODUCE WILL BE MARKETED THROUGH THE COMMONITY'S COPE2TIVE SOCIETY WITH TECHNICAL 
-q2-UViCES OF THE ON-POST COOPERATIVES INSPECTOR. IT IS EXPECTED THAT OFFSHOOT ACTIVITIES SUCH AS FRUIT AD 
VEGETABLE PACKING AND MARKETING, TRABSPORTO ABIRAL HUSBANDRY, DAIRY AND BEAT PROCESSING AND MARAETInG BILL PROVIDE 
EMPLOYMENT AND INCOME TO ANYONE WHO ENGAGES INTO COMMERCE WITH WADI HALFAoS COOPERATIVE COMMUNITI. 
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SUDAN 
656002 603 
WADI HALFA CORBUIT DEVEL:IRRIGATON 
OPERATIONAL PROGRAM GRANT T INTERNATIONAL VOLUNTEk SERVICRS(IVS) VILL SUPPORT A SIX-PART CONMUMITY DIEVLOPMENT 
PROJECT IV MADI HIALFA, SUDAN. UDDER THE THIRD StIBACTVITY, ITS TECHNICAL AND ADVISORY ASSISTANCE WILL 02 USED TO 
TEST BOREHOLE IRRIGATION TO IRRIGATE A 50 PEDDAE CULTIVATION SITE ISLAND FROM THE LAKLSHOE AREA. THE SOIL AT THIS 
SITE IS OF MARGINALLY BETTER QUALITY THAN THE LAKESHORE AREA. THIS IRRIGATION COMPONENT OF VADI HALFA COMMUNITT 
DEVELOPNHRT IS COMPLEMENTARY TO THE COOPRRATIV~fOIUTH PARK ACTIVITY, WHICH IS USING PUMP IRRIGATION AT THE 
LAKLSHOEE SITE. SHOULD THE TEST PROVE THE AVAILABILITY OF SUFFICIENT GROUNGVATER AT RECOVERAIBLE DEPTHS, THE AREA 
OF POTItTIALLY ADABLE LAND VILL BE VASTLY IN CREASED. THE TWO CJLTIVATION AREAS (LAKESHORE AND INLAND) WILL COME 
UNDER COMMON RANAGLMEST AND CONTROL, WITH COOPERATIVE CROP TRIALS TAKING PLACE SIMULTANEOUSLY. 6A DANDO 400 TYPE 
NOUILE PERCUSSION DUILLING RIG WILL BE USED TO DRILL 200 TO 500 FEET THROUGH SAND. SOIL, AND SOFT SAMDSTONE. FOUR 
TRAINEE DRILLERS MILL OPERATE AND MAINTAIN THE DIG THROUGH THE LIFE OF THE PROJECT. THE IVS WATER ENGiNEER WILL 
SUPERVISE AND CONTROL THE USE OF THE RIG ADD WILL TRAIN THE DRILLERS. &UP TO FIVE BOREHOLES WILL BE FITTED WITH A 
DILSEL POWERED SUCTION PUMP. OUB BOLE WILL FITTED WITH AN BIPERIMENTAL WINDMILL POWERED PUMP, AS THERE IS A 
PREVAILING WIND AT WADI HALFA. ATHENE IS A RISK THAT RATER MAT NOT RE FOUND I SUFFICIENT VOLUME. SHOULD THIS RE 
TU CASX, THE PUMPS PURCHASED FOR THIS PURCHASE VILL BE USED TO El-AND THE LAKESHORE AREA BY 500 FEEDANS. TUE RI 
VILL BE USED FOR FURTHER SATER SXPLORATIO ON ALTRRKATIVE SITES ALONG TEE LAKE WRERE THE GEOLOGICAL STRUCTURE IS 
FAVORABLE. MIT WILL ALSO BE USED TO EXPAND TE SANITATION SCHEMR TO CIPE WITE TuE NEEDS OF THE IPABDING 
POPULATION. 

SUDAN
 
6-0002604 
WADI HALF& COMMUNITT DEVL: SANITATION 
OPERATIONAL PROGRAM GRANT TO INTERNATIONAL VOLUNTARY SERVICES(1VS) WILL SUPPORT A SIX-PART COMUNITY DEVELOPMENT 
PROJECT IN WADI HALPA, SUDAN. UNDER THE FOURTH SUDCTIVITY, IVS TECHNICAL AND ADVISORY ASSISTANCE WILL BE USED TO 
DEVELOP HUMAN WASTE DISPOSAL FACILITIES TO REPALCE UNSANITART METHODS. THE DANDO 400 TYPE MOBILE PERCUSSION 
DRILLING BIG USED FOR BOREHOLR IRRIGATION ALSO WILL lE USED TO DRILL A SERIES OF OLOAG DROP" LATRINES IN EAJOR 
PUBLIC PLACES. EACH WILL BE TOPPED BY A SIMPLE CEMENT SLAB WITH FOOTPRIMTSw AND FITTED WITH A WOODEN LID. LATRINE 
STRUCTURES VILL BE OF BIND-BRICKs AND HITH CORRUGATED IRO3 ROOFS. A TAP WILL PROVIDE WATER FOR PERSONAL H GIRECE. 
THE TOWN COUNCIL VILL UNDERTAKE CONSTRUCTION AD MAINTENANCE OF 48 OF THESE SIMPLR STRUCTURRS. &TO ENSOUL AXIMUr 
POSSIBLE HEALTH BEMLFT TO THE COMMUNITY, A PROGRAM OF PUBLIC EDUCATION WILL BE DEVISED. THREE CHAMMLS OF 
COMMUNICATION WILL bR USEDZ A)INFORRATOx DISSEMINaTED THROUGH THE DISSEMINATION THROUGH THE PROPLE'S COUNCIL To 
COMMUNITY LEADERS; C) IMFOBRATION TO TUE GENERAL PUBLIC THBOUGH POSTERS PLAERS; C) IMFORMATION TO THE GEERAL PUBLIC 
THROUGH POSTENS PLACED IN ALL PUBLIC PLACES. alltALTg EDUCATION WILL BE IMPLEMENTED In COOPERATION ITH TE SENIOR 
MEDICAL OFFICER AND THE PUBLIC HEALTH OFFICER IN WADI HALFA. 
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SUDAN 
650002b05 
WADI HALFA COfhMUMIITY DEVKL:EUTE EDUC 
OPEHTIOUNAL 'ROGRAR GR•AT(OPG) TO INTERNATIONAL VOLUNTARY SERVICES(IVS) VILL SUPPORT A SIX-ART COBUBITY 
DEVELOIMENT PHOIEC3T IN WADI HALPA, SJDAN. UNDER THE FIFTH SIJBACTIVITY, ITS MILL SUPPOBT CATHOLIC RELIEF 
SLUVICES(CBS) OUT OF OPG FUNDS TO ASSIST THE SUDAN MINISTRY OF HEALTH TO INITIATE A PhOGRAM OF HEALTH AND 
NUTHITION EDUCATION 'O PHiE-SCHOOL CHILDREN IN NADI HALFA. CBS EXPECTS THE PROGRAM TO REACH 1,000 CHILDuEN PER 

MONTH. i9NTHITION EDUCAT1O ACTIVITIES MILL BK DIRECTLY OVERSEEN BY THE TOMN'S PUBLIC HEALTH NUSE. THE NURSE MILL 
HAVE BEEN THAINED IN MATERNAL-4:HILD UEALTH AND MILL GO TO KUARTOUR FON TWO VEEKS Or ORIENTATION. ALSO, A MADI 

"ALFA SCHUOL TEACHER WILL ATTEMD A FOUR-MONTH COUSE IN NUTRITIOM EDUCATION, AND ON COMPLETING HER TRAINING VILL 
ASSIST THE PUBLIC HEALTH NURSE PULL-TIME. TIHE TOWNMS BKDICAL OFFICRR MILL SUPEUVISE TIHE PROGRAM DAY TO DAY. 
dCIIILUHEN AND THEI MOTIIES MILL VISIT THE CENTER AT LEAST ONCE A ROUTH. EACH CHILD MILL HE EXAIEMU AND HEIGHED, 
AND A tQIART MILL RLCORD HEIGHTS FOR ALL CHILDHkd ATTENDING TIE CENTER OR A PARTICULAR DAY. THL NOUSE MILL 
DETERMINE A CHILD'S PHYSICAL STATUS IN TERMS OF THE HARVARD GRHOHT STANDARD. MOTHERS WILL RCkISVE PRIVATE 
CONSULTATIONS TO LEARN THE CHILDOS HEALTH STATOS AND WIIAT CORECTIVE STEPS ARE NECESSARY TO ENSURE A CHILD'S 
IVHOPhR GROWTH. CHILDREN MILL BE IMRURiZED AGAINST INFECTIOUS DISEASES VNEZ VACCINES ARE AVAILABLE AID TREATED FOR 

MINOR AILMENTS. SERIOUSLY ILL CASES MILL BE TRANSFERRED TO THE HEALTH CENTER PHYSICIAN. A GROUP LECTURE OR A 
NUTRITION OR HEALTH DEMONSTRATION VILL BE GIVEN TO ALL MOTHERS BY THE BUTRITION EDUCATOR. SUPPLREBDTAR FOODS (TWO 

KILOS OF NONFAT DRY MILK AND ONE KILO OF OIL) VILL BE GIVEN TO THE CHILD On EACH CLINIC VISIT TO: •)11k a 
CORRhCTIV" ELEMENT IN A CHILD'S DIET; B)BE A AKANS OF EDUCATING MOTHERS ABOUT NUTRITION; AND CIBE AN ECONOMIC AID 
TO TIlE FAMILY. &BASED on 1,000 CHILDREN, THE VALUE OF THE FOOD ASSISTANCE THAT CRS MILL PROVIDE TO VADI HALFA IN A 
ONE-TEAR PERIOD IS S57,552. ADDED TO THE PROGRAM VALUE VILL BE CLEARANCE, INLAND TRANSPORT, AND PaRSONE&L COSTS 

ORE BY THE MIniSTRY OF HEALTH, AND OTHER INPUTS BY CBS. 

SUDAN 
650003001
 
RURAL HEALTH SUPPORT
 
Grant is provided to the Goveranent of Sudan (GOS) to improve its capability to provide primary health care to the 
country's northern and southern provinces. Project consists of two subprojects. Subproject one will improve tkMe 
personnel and facilitl resources of the GOS's Primary Health Care Program (PHCPJ . GOS will supervise subproject 
implementation by a private contractor In the north and by the African Eedical and Research Foundation in the 
bouth.lSix training facilities for health workers will be constructed and equipped. Some 4,863 community health 
rorkerv (CliWI.) and village midwives (1MM9s) will Veceive short-term In-country and participant training, strongl r 
emphasizing preventive health. Continuing education programs will be provided for existing staff to update and 

expand their akills, and to eamble then to tutor new health care personnel ISevem radio programs of two types will 

be produced and broadcasted in two local dialects. First, CHM's will produce radio programs in two southern 
prcvinces to promote preventive medicine. Small village groups will meet regularly to listen to the broadcasts 
and dizcuss the programs, and cHM's or community leaders will visit the groups periodically to aaswer amy 
questions. Second, educational radio programs for CHM's will be produced which teach practical information about 
health, sanitation, and child care,4Six dispensaries In the north and sir in the south, providing simple 
preventive/curative care, as well as maternal/child health (ECH) services, viii be constructed and provided with 
drugs and other supplies; each will cover three Primary Health Care Units (PUCO0s). i2 addition, building 

materials will be provided to rpeed construction Of PHCU's otferinq outpatient services.0In continuity with a .3. 
?und for Population Activities program to integrate BCH services into the PCHP, Q.000 rural and urban aiN's, 

VIIN'. and Traditional Birth Attendants will be trained at the district level. Two VOW training schools will be 
constructed and equipped with training materials- The health cadre will be equipped with drugs and midwiferl kite. 
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SUDAN 
65003002 
RURAL HLALTH SUPPORT 
Grant ib provided to the Government of Sudan (GOS) to improve its capability to provide primary health care to 
northern and southern provinces. Project consists of two subprojects. SubproJect two will improve the 
administrative system of the GOS's Primary Health Care Progras (PHCP). GOS will supervise subproject 
implementation by a private contractor In the north and by the African Medical and Research Foundation in the 
south.i*To improve PIICP planning and management functions at the central, regional, and provincial levels, regional 
Ministry oi Iledlth (HnOu) personnel will develop three health planning systems, train health administrators, and 
develop annual budgets and recurrent cost projections. In the south, RMOH personnel will be assisted kn resource 
allocations, health program budgeting and administration, operations research design, health economics, and 
personnel and facility survey methodologies. Adalinstrators from all KOH sectors will take part in in-service 
training and field work in Information/statistics, health service planning and management, personnel proce4ures, 
and budget and audit systems. Other training will include participant training in Kenya for two southern KOU 
personnel in health administration; 10 north-boeth seminars in logistics/supply systems, health program budgeting, 
and personnel management; and research into PHCP administrative problems. To strengthen the Health Managememt 
Information System (HntS) , short courses will be given to statisticians in seven northern and three southern 
provinces in health statistics collection/analysis. Assistant health commissioners will participate in a national 
course on RRIS use in order to design and budget health programs for prevalent diseases. To improve supply 
management and transport, short courses will 'be given to all levels of GOS logistic/supply personnel, and eight 
trucks will be provided. To store commodities, 12 warehouses will be constructed and equipped with a handling and 
inventory control system to improve commodity packaging and disbursement. They will also serve an sites for 
on-the-Job training of pharmacists and storekeepers. 

SUDAN 
656003600 
SOUTHERN ACCESS ROAD 
Grant in provided to the Goverament of Sudan (GOS) to assist in constructing an all-weather road conecting 
Sudan's Southern Region with Kenya. A Joint National Authorization Officer, mutually agreed upon by GOS and the 
Government of Kenya (GO), will supervise project Implementation by a private construction contractor with 
assistance from an engineering consultant and pertinent GOS and GO0 agencies. Grant funds will be esed for 
construction in Sudan only.&A 620 ka road will be constructed between Juba, Sudan, and Lodwar, Kenya to meet 
modified Minimum Commercial Access standards. Construction will include 48 minor structures (36 in Sudan) and 8 
major structures (seven In Sudan), including 111 box culvertE and 13 bridges, as well as drainage structures, 
pipes, and 58 km of diversion roads (45 km in Sudan) to connect structures with existing roads. Stone drifts 
between Lokickokio and Kapoeta will: be constructed by GOS Force Account. All structures will be designed to give 
correct hydraulic waterway openings at specified rainfall frequencies and height. Road width will be 6.0 maters 
to jerve up to 250 vehicles per day, with a minimum grade rise of 0.6 meters to protect the roadbed from surface 
drainage and prevent erosion. Pavement thickness will be 15 cm of lateritic or gravel materials. Load 
restrActions of 12,000 kilos per vehicle will be enforced at two permanent weigh stations to be constructed (one 
in each country). few roads will be designed for a speed of 80 km per hour; diversion road, for a minimum speed 
of 50 km per hour. The contractor will provide on-the-Job training to counterpart foremen and heavy equipment 
operators. The contractor will also provide technical assistance, on-the-Job training, and spare parts to three 
units (two in Sudan, one in Kenya) to gravel '582 km of existing roads. maintenance centers in Juba and Lodwar 
will be upgraded by the provision of on-the-job training to counterpart mechanics and procurement clerks. Routine 
maintenance of the existing road between Lodwar and 40 km east of Juba will be financed by GOS Force Account. 
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PROJECT SUMHARY VTA-D ILIVEk ILHIGATION PROJECT CONSISTS OF DEVELOPMENT OF 300.000 ACRES OF LAND FOR IRRIGATED AGRICULTURE On TUR 

EAST BANK OF TUB RAHAD RIVER IN SUDAN BY PUMPING IRRIGATION MATER FROM BELOW THE ROSEIRES DAR THROUGH A SUPPLY 
CANAL USING PUMLPS POWERED BY ELECTRICITY FROM DAR. PROJECT CONDUCTED BY RAHABD CRP, NEWLY ESTABLISHED 
SEMI-AiUTo OOOUS GOVT AGENCY. INVOLVES CONSTRUCTION OF SUPPLY AND DISTRIBUTION CIALS AND DRAINAGE NORKS AS NELL AS 
INSTALLATION OF AGRICULTURAL PROCESSING EQUIPMENT AND STORAGE FACILITIES. SETTLES 13.700 TENANTS WlTHI sECaSSARY 
INFRASTRUCTURX. SUBSTANTIAL FUNDING B1 IDA AND KUWAIT DEVELOPHENT FUND. PROJECT IS REPLICATION OF SUCCESSFUL 
GEZIRA PROJECT.
 

COUNTRY/BUREAU _UDAN 
PROJECT %NUDOER 650010300 
PROJECT TITLE SOUTH REGION AGI REHABILITATION DLVKL 
PROJECT SUMMARY IVS PROVIDES PkRSOWNEL FOB FOODCROPS DEVELOPREPT SUBPROJECT, LIVESTICK NAEKETIEG AND SURVEY SUBPROJECT OF BROADER 

VOHLD LANK AGI RhIAU DEVEL PROJECT IN SOUTUERN SUDAN. FOODCHOPS COMPONENT INCRLASES FOOD PRODIICTION flY 
MULTIPLICATION AND SALK OF IHPHOVLD SEEDS. CROP TRAIL STATIONS DEVELOP VARIETIES. PROVIDE INFORMATION ON CASH 
CROPS. EXTENSION STAFF IS TRAINED AT COMMUNICATIONS CENTER AiD FIELD SURVEYS PROVIDE FEEDBACK ON PROBLEUS* NEEDS. 
LIVESTOCK MARKETING COMPONENT GATHERS DATA WHICH Is ANALYZED BY MARKET RESEARCH DIVISION. MARKETING TEARS ImCRtASe 
OFrIAKE FROM EILGIONAL HERD BY PURCASING ANIMALS FOR WAHICH BUYERS CANNOT BE FOUND. EXPEBIENCE, DATA LEAD TO 
PROPOSALS FOR MAHKETING PROGRAn. 



1. Climate
 

Allen, W.J., Jr. 1962. An Annotated Bibliography on Climatic
 
Maps of Sudan. U.S. Weather Bureau.
 

Bhalotra, Y.P.R. 1958. Duststorms at Khartoum, Memoir No. 1.
 
Sudan Meteorological Service.
 

- 1959. Adverse Weather Conditions at Khartoum, El
 
Obeid and Wadi Halfa, Memoir No. 2. Sudan Meteorological
 
Service.
 

1960. Simultaneity of Adverse Weather Conditions at
 
Khartoum and Port Sudan, Technical Note No. 2, Sudan
 
Meteorological Service.
 

1963. Meteorology of the Sudan, Memoir No. 6, Sudan
 
Meteorological Service.
 

Davenport, D.C. & Hudson, J.P. 1967. Changes in evaporation
 
rates along a 17-km transect in the 
Agricultural Meteorology 14:339-352. 

Sudan Gezira. 

..... . 1967. 
estimates 

Meteorological 
along a 17-km 

observations 
transect in 

and 
the 

Penman 
Sudan. 

Agricultural Meteorology 4:405-414.
 

Davies, H.R.J. 1959. Khartoum Weather. Journal of Geography
 
58:286-293.
 

el-Fandy, M.G. and Soliman, K.H. 1950. Summer Weather of the
 
Sudan, Correspondence. Quart. Journ. Roy. Met. Soc.
 
76:487-489.
 

Fleming, J. 1953. Sandstorms in the Sudan. Met. Mag. 82:26
27.
 

Freeman, H.W. 1952. Duststorms of the Anglo-Egyptian Sudan.
 
Meteorological Office, Meteorological Report, No. 11.
 

Hudson, J.P. 1963. Variations in evaporation rates in Gezira
 
cotton fields. Emp. Cotton Growing Rev. 40:253-261.
 

Jackson, J.K. 1957. Changes in the climate and vegetation of
 
the Sudan. Sudan Notes 2ec. 38:47-66.
 

Kruger, E. 1960. Forecasting Divergence as a Tool to
 
Forecast Thunderstorms in the Sudan. In: Tropical
 
Meteorology in Africa (Bargman, D.J., ed.). pp. 156-167.
 
(Munitalp Foundation, Nairobi).
 

284
Previous PagedBlar& 



Matthews, L.S. 1955. The frequency of daily rainfall of
 
specified amounts in the Sudan. Sudan Meteorological
 
Service, Pamphlet No. 6.
 

Oliver, J. 1965. The Climate of Khartoum Province. Guide to
 
the Natural History of Khartoum Province, Part II, Sudan
 
Notes and Records 46:1-37.
 

1965.- Evaporation losses and rainfall regime in
 
central and northern Sudan. Weather 20:58-64.
 

Rogers, P. 1956. Sferics in the Sudan. W.M.O. Bulletin
 
5:159-160.
 

Sudan Meteorological Service. 1955. Rain-Day Averages:
 
1921-1950. Pamphlet, No. 4.
 

1955. Khartoum Temperatures. Pamphlet, No. 5.
 

1955. The Frequency of Daily Rainfalls of Specified
 
amounts in .he Sudan. Pamphlet, No. 6.
 

..... . 1955. Developments of Cumulonimbus Cloud over the
 
Sudan. Technical Note, No. 1.
 

1955. Thunderstorms over Sudan. Technical Note, No.
 
2.
 

1955-58. Meteorological Reports for 1950, 1953, 1954,
 
1955, 1956.
 

1956. Rain and Agriculture in the Sudan. Technical
 
Note, No. 3.
 

1957. Average Pentade Rainfall, 1921-50. Pamphlet,
 
No. 7.
 

..... .1957. Rainfall Averages, 1921-50. Pamphlet, No. 1.
 

1957. Wivd Speed Statistic. Pamphlet, No. 3.
 

1957. Annual Rainfall Parameters, 1921-50. (A.W.
 
Ireland) Pamphlet, No. 2.
 

1962. Annual Report of Agrometeorology, 1st April
 
1961 to 31st March 1962.
 

el-Tom, M.A. 1966. Some aspects of the annual and monthly
 
rainfall over the Sudan. Unpublished M.A. Thesis,
 
University of Durham.
 

285
 



2. Geology, Minerals, Soils
 

Ali, M.A. and O.A.A. Fadl. 1977. Irrigation of a Saline-

Sodic Site in the Sudan Gezira. II: Salt Movement and
 
Sodicity Changes. Tropical Agriculture 54(3):279-283.
 

Ayed, I.A. 1968. Analyses of profile samples of differing
 
productivity. Sudan Agric. J., 3:105-112.
 

Blokhuis, W.A., L.H.J. Ochtman and K.H. Peters. 1964.
 
Vertisols in the Gezira and the Khasma el Girba clay
 
plains. Trans. Int. Congr. Soil Sci., 8th, Bucharest,
 
5:591-603.
 

Drover, D.P. 1966. Moisture retention in some soils of the
 
Sudan. African Soils 11(3).
 

Fadl, O.A.A. and M.A. Ali. 1977. Irrigation of a saline
sodic site in the Sudan Gezira. I. Water movement.
 
Trop. Agric. (Trinidad) 54:157-165.
 

Finck, A. 1961. Classification of Gezira clay soil. Soil
 
Sci. 92:263-267.
 

Hamid, K.S. and M.A. Mustafa. 1975. Dispersion as an index
 
of relative hydraulic conductivity in salt-affected soils
 
of the Sudan. Geoderma 14:107-114.
 

Hellden, U. 1978. Evaluation of Landsat-2 Imagery for
 
Desertification Studies in Northern Kordofan, Sudan.
 
Rapporter & Notiser No. 38. Geography Dept., University
 
of Lund, Sweden.
 

Hunting Technical Services. 1963. Land and Water Use Survey 
in Kordofan Province, Republic of the Sudan - Report on 
the Survey of Geology, Geomorphology and Soils, 
Vegetation and Present Land Use. Doxiadis Associates, 
Athens. 

1964. Roseres Soil Survey. Report No. 5, Min. of
 
Agric., Sudan.
 

1976. Sag el Na'am Evaluation on Pre-Investment
 
Study. Khartoum.
 

Karouri, M.O.H. and H.J. Kaufmann. 1966. Salinity and
 
Alkalinity Problems in Soils of Northern Province. Proc.
 
10th Agric. Res. Colloquim. Res. Div., Min. of Agric.,
 
Sudan.
 

286
 



Kutilek, M. 1969. Soil moisture retention of clay plain
 
soils as influenced by ESP and the initial bulk density,
 
drying cyclus. Sudan Agric. J. 4:97-114.
 

Mustafa, M.A. and K.S. Hamid. 1977. Comparisons of Two
 
Models for Predicting the Relative Hydraulic Conductivity
 
of Salt-Affected Swelling Soils. Soil Science
 
123(3):149-134.
 

Tom, O.A. 1973. Semi-Detailed Survey of South Khartoum Area
 
and Blue Nile Provinces. Soil Survey Dept., Wad Medani,
 
Sudan.
 

Tothill, J.D. 1964. The origin of the Sudan Geziya Clay
 
Plain. Sudan Notes and Records 27:153-183.
 

De Vos, N.C.J.H. and Virgo, K.J. 1969. Soil structure in
 
Vertisols of the Blue Nile Clay Plains, Sudan. J. Soil
 
Sci. 20:189-206.
 

White, L.P. 1967. Ash soils in western Sudan. J. Soil Sci.
 
18:309-317.
 

Williams, M.A.J. 1968. Soil Salinity in the West Central
 
Gezira, Republic of the Sudan. Soil Science 105(6):451
464.
 

Worrall, G.A. 1 ] Pedological study of the Khartoum 
district, Sudan. Ph.D. Thesis, London University. 

..... 	. 1958. Soils and Land use in the vicinity of the Three
 
Towns. Sudan Notes and Records 39:2-9.
 

Zein El Abedine, A., G.H. Robinson and J. Tyeo. 1969. A
 
study of certain physical properties of a Vertisol in the
 
Gezira area, Republic of Sudan. Soil Science 108:359
367.
 

Zein El Abedine, A. and E.L. Strmecki. 1970. An
 
investigation into the hydraulic conductivity of Gezira
 
soils. Su dan Agric. J. 5:16-29.
 

287
 



3. Flora and Fauna
 

Ahti, T., L.H. Ahti and B. Peterson. 1973. Flora of
 
inundated Wadi Halfa reach of the Nile, Sudanese Nubia,

with notes to adjacent areas. Annales Botanici Fennici
 
10:131-162.
 

al-Amin, H," 1973. A general list of common forest trees
 
and shirbs of the Sudan. Soba.
 

Andrews, F.W. 1950, 1952, 1956. The flowering plants of the
 
Anglo-Egyptian Sudan. 3 Bde. Arbroath.
 

Bishai, H.M. 1960/1961. The effect of the water hyacinth.

Eichhornia crassipes, on the fisheries of the Sudan.
 
Rep. hydrobiol. Res. Unit Univ. Khartoum 8:29-36.
 

1961.- The effect of pressure on the distribution of
 
some Nile fish. J. exp. Zool. 147:113-124.
 

1962.- The water characteristics of the Nil. in the
 
Sudan with a note on the effect of Eichhornia crassipes,
 
on the hydrobiology of the Nile. Hydrobiologia 19:357
382.
 

1965.- Resistance of Tilapia nilotica L. to high
 
temperatures. Hydrobiologia 25:473-488.
 

Brown, L. 1969. Wildlife v sheep and cattle in Africa. Oryx
 
10(2):92-iOl.
 

Cloudsley-Thompson, J.L. 1963. Wildlife in the Sudan. Geoq.
 
Mag. 35:589-597.
 

- 1965. The Fauna of Jebel Marra, Western Sudan. Sudan
 

Silva 2(16):24-28.
 

- 1966. Wildlife in Equatoria. Turtox News 44:114-117.
 

Cloudsley-Thompson, J.L. and J.A. Cloudsley-Thompson. 1969.
 
Wildlife by the Dinder River, Sudan. Tutrox News 47:114
116.
 

Cunnison, I.G. 1956. Giraffe Hunting among the Humr Tribe.
 
Sudan Notes Rec. 37:49-60.
 

Darling, F.F. 1961. Towards a Game Policy for the Republic
 
of Sudan. Unpubl. report submitted to the Sudan Govt.
 

288
 



Dasmann, W.P. 1972. Development and Management of the Dinder 
National Park and its Wildlife. UN/FAO Report No. 
TA3113. 

Field, P.A.G. 1974. Report on a Feasibility Study on a
 
Proposed Conservation Area in Southern Darfur, Sudan.
 
Ministry of Overseas Development, London.
 

Gay, P.A. 1956/1957. Some aspects of the riverain flora of
 
the White Nile and Bahr El-Ghazal. Rep. hydrobiol. Res.
 
Unit Univ. Khartoum 4110-20.
 

Eichhorria-. crassipes in 
 the Nile of the Sudan.
 
Nature, Lond. 182:538-539.
 

Greig-Smith, P. and Chadwick, M.J. 1965. Acacia-Capparis
 
semi-desert scrub in the Sudan. 
J. Ecol. 53:465-474.
 

Gronblad, R.G., G. Prowse and A.M. Scott. 1958. Sudanese
 
Desmids. Acta Botanica Fennica 58:1-58.
 

Halwagy, R. 1960/1961. Studies on the succession of
 
vegetation on some islands and sand bars in the Nile near
 
Khartoum. Rep. hydrobiol. Res. Unit Univ. Khartoum 8-.20
22.
 

Hanson, H.C. and E.D. Churchill. 1961. Plant Communities,
 
Reinhold, N.Y.
 

Happold, D.C.D. 1966. Dragonflies of Jebel Marra, Sudan.
 
Proc. R. ent. Soc. Lond. (A) 41:87-91.
 

1966. The Future for Wildlife in the Sudan. Oryx
 
8:360-373.
 

1966.
- The Mammals of Jebel Marra, Sudan. J. Zool.,
 
Lond 149:126-136.
 

Harrison, M.N. and J.K. Jackson. 1958. Ecological
 
classification of the vegetation of the\Sudan. Sudan
 
Forestry Bull., N.S. 2:45 pp.
 

Holsworth, W.H. 1968. Report to the Government of the Sudan
 
on Dinder National Park. UN/FAO Report No. TA2457.
 

IUCN. 1977. World Directory of National Parks and Other
 
Protected Areas, Vol. I & II. 
 IUCN, Morges, Switzerland.
 

Kassas, M. 1956. Landform and plant cover in the Omdurman
 
desert, Sudan. Bull. Soc. Geog. d'Egypte 29:43-58.
 

289
 



Moore, G. 1974. Wildlife and National Parks Legislation.
 
UN/FAO Report No. TA 330.
 

Obeid, M. 1975. Aquatic weeds in the Sudan with special
 
reference to the watev hyacinth. (Ed.) National Council
 
for Research, Sudan and U.S.A. National Academy of
 
Sciences. 150 pp.
 

Obeid, M. and A. Mahmoud. 1969. The Vegetation of Khartoum 
Province. Guide to the Natural History of Khartoum 
Province, Part IV. Sudan Notes and Records 50:1-20. 

Osman, H. el-S. and B. Fadlalla. 1974. The Effect of Level
 
of Water Intake on Some Aspects of Digestion and Nitrogen
 
Metabolism of the Desert Sheep of the Sudan. Jounal of
 
Agricultural Science 82(l):61-69.
 

Rasheed, M.A. 1975. Present and Future Man-Power and Labour
 
Force in Forestry Department. 1st Agric. Conf., April
 
1975. Khartoum (inArabic).
 

Sandon, H. 1950. An illustrated guide to the freshwater
 
fishes of the Sudan. Sudan Notes Rec. 1-61.
 

Seif el Din, A. 1969. The natural regeneration of Acacia
 
senegal. M.Sc. Thesis, University of Khartoum.
 

Smith, J. 1949. Distribution of tree species in the Sudan in
 
relation to rainfall 
Sudan, No. 4. 

and soil texture. Minst. Agric. 

Sudan, Wildlife Administration. 
Ordinance, 1935. Khartoum. 

1935. Wild Animals 

Sudanese Environmental Conservation 
on the Problems of the Dinder 
report. Khartoum. 

Society. 
National 

1978. 
Park. 

Seminar 
U-ubl. 

Tackholm, V. 1970. A botanic expedition to the Sudan in 1938
 
by M. Drar. Cairo. Cairo University Herbarium Publ. 3.
 

Thornton, I.W.B. 1957. Faunal succession ii.umbels of
 
Cyperus papyrus L. on the Upper Whi1 Nile. Proc. R.
 
Ent. Soc. 32:119-131.
 

Worall, G.A. 1960. Patchiness in vegetation in the northern
 
Sudan. J. Ecol. 48:107-115.
 

1960. patterns 

11:63-67.
 

- Tree in the Sudan. J. Soil Sci.
 

290
 



4. Water Resources and Management
 

Ali Saleh, A.M. 1980. At-tasri' al-ma'i f! as-SUdin. In:
 
The First Arab Symposium on Water Resources, NovemE-er
 
1978, Vol. 2: Water Legislation. Damascus: Arab Center
 
for the Studies of Arid Zones and Dry Lands. pp. 3-19.
 

Anon. 1954. The Jonglei Investigation Team Repurt. Vols. I-

V. Sudan Govt.
 

Barbour, K.M. 1961. Population and Water in Central Sudan. 
In: Essays on African Population, K.M. Barbour and R.M. 
Prothero, eds. London: Routledge and Kegan Paul. 

Berry, L. 1960/1961. The characteristics and mode of
 
formation of Nile islands between Malakal and Sabaloka.
 
Rep. hydrobiol. Res. Unit Univ. Khartoum 8:7-13.
 

..... 	. 1960/1961. The physical history and development ot
 
the White Nile. Rep. hydrobiol. Res. Unit Univ. Khartoum
 
8:14-19.
 

Brook, A.J. 1954. A systematic account of the phytoplankton 
of the Blue and White Nile at Khartoum. Ann. Mag. Nat. 
Hist. 12(7) :648-656.
 

Caponera, D.A. 1978. Water Laws in Moslem Countries, Vol. 2.
 
Rome: FAO. iii + 311 pp. (FAO Irrigation and Drainage
 
Paper 20/2). 

Fott, B. and A.G.A. Karim. 
community in a lake 
Protistenk 115:408-418. 

in 
1973. 

Jebel M
Spi

arra 
rulina 
Sudan. 

plankton 
Arch. 

Heinritz, G. 1S77. Die Entwicklung junger
 
Bewdsserungsobjekte unter dem Einflu gruppenspezifischen
 
Pgchtetverhaltens. Geographische Zeitschrift 65:188-215.
 

1980. d-Scheme. 

in der Reptl&ik Sudan. Zeitschrift fUr
 
Wirtschaftsgeographie 1990:81-87.
 

------Dar P 	 Ein neues Beviisserungprojekt
 

el-Hemry, I.I. and P.S. Eagleson. 1980. Water Balance
 
Estimates of the Machar Marshes. Cambridge, Mass.:
 
Massachusetts Institute of Technology. (Dept. of Civil
 
Engineering Report No. 260). 223 pp.
 

Hunting Technical Services. 1958. Jebel Marra
 
Investigations--Report of Phase I Studies. Hunting
 
Technical Services Ltd. London. 112 p.
 

291
 



Jahn, S. al A. 1975. Sudanese Native Methods for the
 
Purification of Nile Water during the Flood Season. In:
 
Biological Control of Water Pollution. (J.Tourbier and
 
R.W. Pierson, eds.). Univ. of Pennsylvania Press, pp.
 
95-106.
 

Kheiralla, M.K. 1966. A study of the Nubian Sandstone
 
Formation of the Nile between 140N and 170 42N with
 
reference to the ground water geology. M.Sc. Thesis,
 
University of Khartoum.
 

Mann, 0. 1977. The Jonglei Canal: Environmental and Social
 
Aspects. Nairobi: Environment Liaison Center.
 

Monakov, A.V. 1969. The zooplankton and zoobenthos of the
 
White Nile and adjoining waters of the Republic of Sudan.
 
Hydrobiologia 33:161-185.
 

Prowse, G.A. and J.F. Talling. 1958. The seasonal growth of
 
plankton algae in the White Nile. Limmol. Oceanogr.
 
3:222-238.
 

Rzoska, J., A.J. Brook and G.A. Prowse. 1955. Seasonal
 
plankton development in the White and Blue Nile at
 
Khartoum. Proc. Internat. Congress Limnol. 12:327-334.
 

Saeed, el-T.M. 1972. The Hydrogeology of Kassala District,
 
Kassala Province. Geological and Mineral Resources Dept.
 
Bulletin No. 21. Khartoum.
 

Satakopan, V. 1961. Water balance in the Sudan. Sudan
 
Meteorological Service, Memoir No. 5.
 

Soleiman, Y. 1968. The Hydrogeology of part of Eastern Sudan
 
(Gedaref District). Gecogical Survey Dept. Bulletin No.
 
16, Khartoum.
 

Sudan. Authority for the Development of the Jonglei Area
 
(Abel Alier). n.d. Statement to the People's Regional
 
Assembly on the Proposed Jonglei Canal. Khartoum.
 

Sudan. Executive Organ for Development Projects in the 
Jonglei Area. 1975. The Jonglei Project: Phase I. 
Khartoum. 

Sudan. Ministry of Irrigation. 1975. Control and Use of the
 
Nile Waters in the Sudan. Khartoum.
 

Sudan. Ministry of Irrigation (Abdullahi Ibrahim). 1977.
 
Likely Irrigated Agriculture of 2000 AD in the DRS.
 
Khartoum.
 

292
 



Sudan. Ministry of Irrigation (A.M. Khalifa and M.A. al-

Nasry). 1977. Improving the Water Yield of the River
 
Nile by Minimizing the Losses in the Swamps. UN Water
 
Conference, Mar del Plata, Argentina.
 

Sudan. Ministry of Irrigation (Kemal Ali Mohammed). 1977.
 
The Projects for the Increase of the Nile Yield with
 
Special Reference to the Jonglei Project. UN Water
 
Conference, Mar del Plata, Argentina.
 

Sudan. Ministry of Irrigation (H.S. Adam and H.G.
 
Farbrother). 1977. Crop-Water Use in Irrigated and
 
Rainfed Agriculture in the DRS. UN Water Conference, Mar
 
del Plata.
 

Sudan. National Preparatory Committee for UN Water 
Conference. 1977. The Water Resources of the Sudan. 
Khartoum. 

Sudan. NCR, ARC (Saghayroun al-Zein). 1976. The Water
 
Resources of the Nile for Agricultural Development in the
 
Sudan. In: Aquatic Weeds in the Sudan, M. Obeid, ed.
 
Khartoum.
 

- Staff Summary Report of Regional Workshop on
1976. 

Aquatic Weed Management and Utilization in the Nile
 
Basin. Khartoum.
 

Talling, J.F. 1954. Chemical and physical characteristics of
 
Nile waters in relation to phytoplankton production.
 
Rep. 	hydrobiol. Res. Unit Univ. Khartoum 1:10-12.
 

1955/1956. Weter characteristics an phytoplankton
 
production. Rep. hydrobiol. Res. Unit Univ. Khartoum
 
3:8-12.
 

..... 	. 1956/1957. Some physical, chemical and algological
 
aspects of Nile hydrobiology. Rep. hydrobiol. Res. Unit
 
Univ. Khartoum 4:6-8.
 

..... 	. 1957. The longitudinal succession of water
 
characteristics in the White Nile, Hydrobiologia 11:73
89.
 

Yassin, A.S. 1966. The ground water geology of the Gezira.
 
M.Sc. Thesis, University of Khartoum.
 

293
 



5. Land Use and Agriculture
 

Abuzeid, 0. 1975. The Potential and Prospects for Sugar
 
Production. Sudan International 1(12-13):28-30.
 

Adams, M.E. 1977. An Agricultural Development Plan for
 
Southern Dafur. In: Essays on the Economy and Society
 
of Sudan, Ali M. El Hassan, ed. Vol. 1, Khartoum, pp.
 
15-32.
 

- 1977. Developing the Traditional Sector in Sudan.
 
Khartoum.
 

AFSED. 1977. Basic Programme for Agricultural Development in
 
the Sudan 1976-85: An Invitation to the Founders. 
Unofficial translation, British Council of Industries. 
London. 

Agrar-und Hydrotechnik GmbH. 1975. Increase of Agricultural
 
Production in the Sudan. Essen.
 

....... 1977. Nuba Mountains Region--Development Potential
 
Survey. Essen.
 

Arab Organization for Agricultural Development. 1974.
 
Project for Mechanized Production of Sorghum, Oil Seeds,
 
and Fodder: Southern Funj Region, Sudan. Khartoum. (In
 
Arabic).
 

Babiker, A.B.A. 1974. Die Landwirtschaft in der
 
Demokratischen Republik Sudan. Petirmanns Geographische
 
Mittei±ungen 118:181-188.
 

Barnett, T. 1975. The Gezira Scheme: Production of Cotton
 
and Reproduction of Underdevelopment. In: Beyond the
 
Sociology of Development, 1.0. et al., eds. London:
 
Routledge & Kegan Paul.
 

- The Gezira Scheme. Frank Cass and
1977. London: 

Company, Ltd.
 

Cloudsley-Thompson, J.L. 1971. Recent expansion of the
 
Sahara. Intern. J. Environmental Studies 2:35-39.
 

Cunnison, I.G. 1960. The Social Role of Cattle. Sudan J.
 
Vet. Sci. & Anim. Husb. 1:8-25.
 

Davies, H.R.J. 1964. The West African in the Economic
 
Geography of Sudan. Geography 49:222-235.
 

294
 



1964. Agricultural 

Tropics: The Devlopment of Mechanised Agriculture on
 
the Clay Plat.nr. of the Republic of Sudan. Tijdschrift
 
voor Eonomische en Sociale Geografie 55:101-108.
 

- An Revolution in the African
 

Dixey, F. and G. Aubert. 1962. Arid Zone Research in the
 
Sudan. Arid Zone, No. 16. pp. 5-16. UNESCO, Paris.
 

Fadialla, A. 1972. Gerih el Sarha Rural Development Scheme.
 
University of Khartoum, Department of Geography.
 

FAO. 1973. Perspective Study of Agricultural Development for
 
the Democratic Republic of Sudan: Farm Mechanization.
 
ESP/AGL/PS/SUD/ 73/13. Rome.
 

1973.- Perspective Study of Agricultural Development
 
for the Democratic Republic of Sudan: Food Supplies and
 
Nutrition. ESP/AGL/PS/SUD/ 73/4. Rome.
 

1973.
- Perspective Study of Agricultural Development
 
for the Democratic Republic of Sudan: Land and Water
 
nevelopment and Use. ESP/AGL/PS/SUD/ 73/6. Rome.
 

el-Hadari, A.R. Economics
1969. of Dura Production in the
 
Mechanized Crop Production Schemes. Faculty of
 
Agriculture, Khartoum.
 

el-Hadari, A.R. and G. Ballal. 1976. Agricultural Marketing
 
and Credit through Cooperative Societies: A Case Study

of the Khashm el Girba Scheme in Sudan. Faculty of
 
Agriculture, Khartoum.
 

Harrison, M.N. 1955. Report on grazing survey of the Sudan.
 
Republic of Sudan. Mimeo.
 

Hoyle, S.G. 1977. The Khashm el-Girba Agricultural Scheme:
 
An Example of 
an Attempt to Settle Nomads. In: Landuse
 
and Development, P. O'Keefe and B. Wisner, eds. 
 African
 
Environment 
Special Report 5. London: International
 
African Institute. pp. 116-131.
 

1977. The Settlement of Nomads in the Sudan: 
 The
 
Case of Khashm el Girba Agricultural Scheme. Ph.D.
 
thesis, University of London.
 

Ibrahim, F. 1978. 
 Anthropogenic Causes of Desertification in
 
Western Sudan. Geo Journal 2-3:243-254.
 

Jackson, J.K. and M.K. Shawki. 1950. 
 Shifting cultivation in
 
the Sudan. Mem. For. Div. Sudan, No. 2.
 

295
 



van 	der Kevie, W. 1971. Manual for Land Suitability
 
Classified for Agriculture. Technical Bulletin No. 21.
 
Soil Survey Administration, Wad Medani.
 

Khogali, M.M. 1976. Western Sudanese Migrants to Khashm el
 
Girba Agricultural Region: A Case Study. Department of
 
Geography, University of Khartoum.
 

1978.- Nomads and Their Sedentarization in the Sudan.
 
Department of Geography, University of Khartoum.
 

Lamprey, H.F. 1975. Reort 
Reconnaissance, Northern Su
Research, Sudan. 

on the Desert 
dan. National 

Encroachment 
Council for 

1975. Report on the desert encroachment 
reconnaissance in northern Sudan. Nairobi, UNEP. Mimeo.
 

Lebon, J.H.G. 1965. Land-Use in Sudan, World Land Use Surv.
 
Mono. No. 4.
 

Mukhtar, H.A.M. 1977. Range Development in the Democratic
 
Republic of the Sudan. Addis Ababa.
 

Mukhtar, M.A. 1975. Production and Use of Wood Fuel in the
 
Sudan. Proc. 1st Agric. Conf., April 1975. Khartoum (in
 
Arabic).
 

1978.- Wood Fuel as a Source of Energy in the Sudan.
 
Proc. 1st Energy Conf., April 1978. Khartoum, Ministry
 
of Energy and Mining.
 

Musnad, H.A. 1970. Forests as a Means of Utilising Marginal
 
Lands in the Sudan. Paper read at the First Conference
 
of Arab Agriculturalists.
 

1971.- Soil Moisture Conservdtion for Plant Growth in
 
the Arid Climate of Northern Sudan. M.Sc. thesis,
 
University of Khartoum.
 

1975. 

Sudan Silva 3:34-38.
 

-. Soil Conservation and Land UL, in the Sudan.
 

1977.-. Land Reclamation in Kerma Basin. Sudan Silva
 
3:69-78.
 

Oesterdiekhoff, P. and J. Tait. 1979. Aapitalisierung und
 
Proletarisierung in den Agrarsektoren des Sudan. In:
 
Die Uberwindung der 11indlichen Armut in der Dritten Wel-t,
 
Hannisch and Tetzlaff, eds. Frankfurt. pp. 115-142.
 

296
 



Olsson, L. 1978. Demand for Seasonal Labouzers in Irrigated
 
Agriculture in Sudan. A Case Study of the Rahad Scheme.
 
Bangkok.
 

Osman, A.E. 1979. Productivity of Irrigated Tropical Grasses
 
under Different Clipping Frequencies in the Semidesert
 
Region of the Sudan. Journal of Range Mangement
 
32(3):182-185.
 

Saeed, 0.1. 1975. Evaluation of Khashm el Girba Agricultural
 
Corporation. Khartoum. 1975.
 

Shakkak, K.I. 1977. Mechanisation of Agriculture in the Clay
 
Plains of the Sudan, with Special Reference to the
 
Gadaref District. M.A. thesis, University of Khartoum.
 

Snow, O.W. 1952. Animal Foodstuffs. Agriculture in the
 
Sudan. Oxford University Press, London. pp. 668-683.
 

S~rbo, G.M. 1972. Economic Adaptations in Khashm el Girba.
 
African Studies Seminar Series, No. 14. Faculty of Arts,
 
University of Khartoum.
 

1977.-. Nomads on the Scheme: A Study of Irrigation,
 
Agriculture and Pastoralism in Eastern Sudan. In:
 
Landuse and Development, P. O'Keefe and B. Wisner, eds.
 
African Environment Special Report 5. London:
 
International African Institute. pp. 13"-150.
 

Sudan. Agricultural Section, National Planning Commission.
 
1975. Summaries of Major Projects Proposed for
 
Agricultural Development. Issues No. 1, Khartoum.
 

Sudan. Ministry of Agriculture. 1974. Food and the Sudan.
 
Khartoum: Khartoum University Press.
 

1976.- Current Agricultural Statistics. CAS-l, (2).
 

Sudan. Ministry of Agriculture, Food and Natural Resources,
 
and Agricultural Research Council. 1976. Sudan's Desert
 
Encroachment Control and Rehabilitation Programme.
 
Khartoum.
 

Sudan Sugar Corporation. 1975. Sugar for the Sudan and
 
Neighboring Countries. Khartoum.
 

Sudan Sugar Corporation and Cane Machinery and Engineering.
 
1975. The Sudan Sugar Industry.
 

Tetzlaff, R. n.d. Die Durchkapitalisierung der
 
Landwirtschaft im Sudan und ihre Auswirkungen auf den
 
traditionellen Sektor: Eine Strategie zur Uberwindung
 

297
 



l~ndlicher Armut? In: Agrarreform in der Dritten Welt, 
H. Elsenhaus, ed. Campus o.J. pp. 339-363.
 

University of Leeds. 1975. Study of Agricultu:al Development
 
in the Sudan Central Rainlands.
 

Watson, R.M., C.I. Tippett, F. Razk, F. Jolly, J.J. Beckett, 
V. Scholes and F. Casbon. 1977. Sudan natioial 
livestock survey and resource census. Nairobi, Resource 
Management and Research Ltd. Mimeo. 

Wickens, G.E. 1966. Present Land Use Survey of the United 
Nations Special Fund Jebel Marra Project in the Republic 
of the Sudan. Food and Agricultural Organization, Rome. 

Wilson, R.T. and S.E. CJ rke. 1975. Studies on the Livestock
 
of Southern Darfur, Sudan. I. The Ecology and Livestock
 
Resources of the Area. Trop. Anim. Hlth. Prod. 7:165
185.
 

298
 



6. Public Health, Socio-Economic Aspects, Development
 

Abu Sin, M. el-H. 1975. A Survey and Analysis of Population
 
Mobility within Northern and Central Sudan. Ph.D.
 
Thesis, Bedford.
 

Agunda, 0. 1973. The State and the Economy in the Sudan from
 
a Political Scientist's Point of View. The Journal of
 
Developing Areas 7:431-448.
 

el-Arifi, S. 1971. Urbanization and Distribution of Economic
 
Development in the Sudan. African Urban Notes 6:115-140.
 

1975. Landlordism among Small Farmers. The Case of
 
the Gezira Tenant in the Sudan. Sudan Journal of
 
Economic and Social Studies 1(2):10-14.
 

1978. Local Government and Local Participation in
 
Development in the Sudan, Proc. Conf. on Rural
 
Participation, March 1978. Inst. Devt. Studies,
 
University of Nairobi.
 

Asad, T., I. Cunnison and L.G. Hill. 1976. Settlement of
 
Nomads in the Sudan: A Critique of Present Plans. In:
 
Some Aspects of Pastoral Nomadism in the Sudan, A.G.M.
 
Ahmed, ed. Khartoum: Sudan National Population
 
Committee and the Economic and Social Research Council.
 
pp. 174-192.
 

Babiker, A.B.A. 1974. Einige Aspekte des
 
Urbanisierungsprozesses in der Demokratischen Republik
 
Sudan. Wiss. Zeitschrift Universitat Halle 23:75-82.
 

Barbour, K.M. 1961. The Republic of Sudan. University of
 
London Press.
 

Briggs, J.A. 1976. Aspects of the Development Process in
 
Africa: A Study of the Southern Gummuiya Area of Central
 
Sudan. Ph.D. thesis, University of Wales.
 

el-Bushra, el-S. 1969. Occupational Classification of
 
Sudanese Towns. Sudan Notes and Records 50:75-96.
 

1970. 

Social Analysis. Ph.D. Thesis, Bedford.
 

- The Khartoum Conurbation: An Economic and
 

1971. The Evolution of the Three Towns. African
 
Urban Notes 6(2):14-17.
 

299
 



- 1972. The Development of Industry in Greater 
Khartoum, Sudan. The East African Geographical Review, 
No. 10:29-30. 

. 1972. Urbanization in the Sudan. Phil. Society of
 
the Sudan. Proceedings of the 17th Annual Conference.
 
Khartoum.
 

1975 Sudan's Triple Capital: Morphology and
 
Functions. Ekistics 39:246-250.
 

- 1976. An Atlas of Khartoum Conurbation. Khartoum.
 

Dakawi, H.M. 1975/76. Bag Yousif Shanty Town. Diss.
 
Univeristy of Khartoum.
 

Duffield, M. 1978. Hausa and Fulani Settlement and the
 
Development of Capitalism in the Sudan. Ph.D. Centre of
 
West African Studies, Univ. of Birmingham.
 

1979. Threat of Scapegoat. Sundanow, Martz 1979,
 
(Khartoum):40-42.
 

Elias B.O. and R.Y. Bedawi. 1972. The Squatter Housing
 
Problem: A Review of Government Policy and Solutions.
 
Phil. Society of the Sudan. Proceedings of the 17th 
Annual Conference. Khartoum. pp. 213-221.
 

Fahim, H.M. 1973. Social Science Research in Relation to the
 
Khashm el Girba Scheme in the Sudan. African and Asian 
Studies Seminar Series 19.
 

Fawzi, D. 1973. La Republique du Sudan echec d'une
 
experience de decollage 4conomique dans la voie
 
capitaliste par une ancienne dependance coloniale.
 
Algiers: SNED.
 

Galal-el-din, M. el A. 1973. Internal Migration in the Sudan
 
since World War II, with Special Reference to Migration
 
to Greater Khartoum. Ph.D. Thesis, London.
 

al-Harsan, A.M., ed. 1976. An Introduction to the Sudan
 
Economy. Khartoum: Khartoum University Press.
 

Benin, R.A. 1963. Economic Development and Internal
 
Migration in the Sudan. Sudan Notes and Records 44:100
119.
 

McLoughlin, P.F.M. 1964. The Sudan's Three Towns: A
 
Demographic and Economic Profile of An African Urban
 
Complex. Economic Development and Cultural Change
 
12(2):159.
 

300
 



Mohamed, Y.A. 1975. Some Spatial Aspects of Rural Change in
 
Western Sudan. Ph.D. thesis, Univ. of Liverpocl.
 

Mustafa, M. el-M and K. Affan. 1977. The Sudanese Labour
 
Market: An Overview of its Characteristics and Problems,
 
with Special Emphasis on the Urban Labour Market. In:
 
Growth, Employment and Equity, A.M. el-Hassan, ed.
 
Khartoum. pp. 193-213.
 

Oberai, A.S. 1977. Migration, Unemployment and the Urban
 
Labour Market. A Case Study of Sudan. International
 
Labour Review 115:211-223.
 

Sudan. Ministry of Finance, Plan, and National Economy. 
1976. Initial Highlights of the Six Year Plan for 
Economic and Social Development 1977-78 - 1982-83. 
Khartoum. (In Arabic) 

1977. Economic Survey 1975-76. Khartoum.
 

1978. Economic Survey 1976-77. Khartoum.
 

Sudan. NPC. 1975. Economic Survey 1974. Khartoum.
 

Sudan. NPC, Transport and Communications Section. 1975.
 
Transport Statistical Bulletin 1974. Khartoum.
 

Sudan. 1977. Six Year Development Plan (1977-1982).
 
Khartoum.
 

Swareldahab, A. 1978. Labour Force in the Manufacturing
 
Industries of Khartoum North - A Case Study in
 
Demographic and Socio-Economic Characteristics of
 
Industrial Labour Force in Sudan. M.A. thesis, Khartoum.
 

Tait, J. 1978. Diversifizierung, Mechanisierung und
 
Kapitalisierung der Produktion im Sudan Gezira Schema.
 
Afrika Spektrum 13:165-178.
 

1980. Interner Kolonialismus und ethnisch-soziale
 
Segregation im Sudan: Nigerianisch-westafrikanische
 
Arbeitsmigranten und das Arbeitsmarktsystem in der
 
Gezira. Afrika Spektrum 14 :j61-381.
 

World Bank. 1972. The Economic Development and Prospects of
 
the Sudan, Vol. I. Main Report.
 

1972. The Economic Development and Prospects of the
 
Sudan, Vol. II. Annex 1: The Public Enterprises.
 

1972. The Economic Development and Prospects of the 
Sudan, Vol. III. Arnex 2: The Agricultural Sector. 

301
 



- Report a Special Mission on the Economic
1973. of 


Development of Southern Sudan. Washington, D.C.
 

...-. .1975. Performance Audit Report.
 

. 1976. Report on Reconnaissance Mission to the Khashm
 
el Girba Scheme.
 

197b. South Kordofan Agriculture Development.
 
Khartoum.
 

302
 


