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INTRODUCTION 

The Dinder National Park is the closest national 

park to urbanized centers in 6udan, it i:, located in 

the Southeast of the Central Re;,io:i, Its boundaries 
follow th i T vf r :..i: u, _l' _1t 6ai N a n d long i­

0 

tude 35 2 E, it c0Ttifnues tnto a 5outhwOeL§t direction 

up to latitude 120 42 N and lorgitudle 311 0 4' E at River 

Dinder, It furth(r continues up to latitude 12 3 N 

and longitude 34 32 E along Khor Kinanao Ic then 

diverts slightly to the Southeast, to latitude 110 55 N 

and longitude 34 44 E, to be enclosed by the Sudan-

Ethiopian borders at latitude 110 24 N and lc7ngitude 
0 2

35 2 E. The National Park was 6330 km , however in 

March 1982 the area was increased to 8960 kip2 (Figl)0 

Dinder was proclaimed a National Park in 1935 

following the London Convention for the Conservation of 

Afri-can Flora and Fauna. During the same decade many 

African national parks were declared. 

The drainage complex of the Rivers Dinder and Rahad 

is located in the Ethior'ian Plateau sloping down from 

3133 meters above sea level to 200-400 masl at the 

southeastern reaches of the Dinder lark in Sudan. The 

Rivers Dinder and Rahad descend vigorously from the 

Ethiopian Plateau and traverse the Park in a estwards 

direction across the Sudan-Ethiopian borders, Their 

gradient drops gradually and then flows into 	a north­

westerly direction, until they join ti.e Blue Nile near 

Wad ,edani. River Dinder is about 750 km long. Its 
3catchment area is approximately 16 X 20 km 2 	 and it has 

M3 an average annual discharge of about 3 X 109 per year 

The river varies considerably in depth and width, ranging 

from 50-400 .eters in width and 1-9 w in dertho It is 

a seasonal river, which starts flowing towards the end 

of June. The peak flow is during September and ceases 
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running in November. A number of pools are left behind 

which may hold water up to the next rainy season. 

Alorr the, river course levees (Gerf), meadows (maya'as) 

and Ie.ri> ,eto d l(j)op ,ia6C!fo.(wt 

Paya as exhibit different sh"tnes which are in general 

crescent like. P!L,ir areas vary considerably according 

to the former meander bends of the river. Areas of 
2 2

mayalas vary between 0,16 km" and 4.5 kmn Generally 

maya'as are flat with slight and/or no clear banks (Fig.2). 

GENERAL CHARACTERTSTICS OF THE STUDY AREA: 

Geomo rphology: 

The most distinctive geomorphic feature of the 

geomorphology of the Sudan is its clay plains. The 

Dinder National Park belongs to these clay plains. 

Whiteman (1971) stated that the clays of RahaO and 

Dinder are probably the most striking feature of the 

geororphology of the Sudan. Deposits of alluvial origin 

were laid down, as Tothill (1948), Berry (1962) and 

Berry and Whiteman (1968) have suggested, by over-bank 

-ods from the Blue Nile and its tributaries. The 

clay plains have actively d-.veloped probably in the 

Pleistocene and the current soil cycle was probably 

developing during the Aolocene wet phase. They reach 

a thickness greater than 12 m at places, but they get 

thinner in the northern areas of the plain. 

Geology:
 

Little is known about the basement complex north 

of latitue 60 N. However, they include ingneous, 

metamorphic and sedimentary rocks overlain by horizontal 

and subhorizontal paleozc,,i or Mesozoic sedimentary or 

igneous rocks. They are assumed to be mainly of 

pro-cambrian origin. 

El Atshan formations are dominant in the area. They 

are characterized by the presence of beds of calcrete at
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the top of older alluvium and at the base of the clays. 

The seliments of these formations consist of uncorsoli­

dated sands, sometimes gravelly, clny<y sands "and clays. 

The clays ar- mainly buff to grelvisf-whijtp or grpnish 

grey. Jcdiment, re unsorted, and th, ildsr'r and 

biotite- rernt are often und caved, The age of these 

f'ormatiors is uncertain (most ro L.bly they are of 

1982).Tertiary to Yleistocene origin) ( HI Daie, 

The vertir.ols of the 1ark are c.L.ruacterize(' by 

dark grey or vry dark greyish-brown tones. They are 

sticky and have a high cation excahanrgLe caracity. They 

and shrink when dry, forming deer cracksswell when wet 

which may exceed a meter in depth. They form hexagonal 

and pentagonal blocks up to 10 mi across, at the faces 

of contact. The clay content of these soils varies 

between 50-80%. Coarser material and CaCo 3 are found 

at thein mearer amounts. The disrlny of black eolour 

surface is due to w,'atherirf. The colour becomes white 

sometimes alkaline with pH
deerer down. The soils are 

8.5-9.5. 

with vertisols are the entisols. 

There are sandy clay and sandy loam soils. They are 

common around the hilly portions of Dinoer area and 

alone the banks of the Rivfyers Dinder and Rahad (Dasman, 

1972). 

Interspersed 

Cli ma te: 

There are no meteorological stations at Dinder 1Park 

records of the climatic parametersthus no specific 


where
exist. However, the area falls within a zone 

viritcr is warm and dry. The rainy season starts in 

lasts to the end of October. IntermittentJune and 


in May. The average annual precipitation
showers occur 

from 340 torecorded in stations around the park raiges 


'700 mm.
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The average maximum daily tnniperature between 
November to Folbruary is 30°C, while from Mrarch to the 
start of the i<,iny season the tpmrerature averages 380C. 

Flora: 
The v, -t ition in Dinder Tark has been classified 

us open gra.. n,, wooded rLssand, V.oodlando and 
riverin fsr,,tso Different species w.re recorded, but 
the coilminuritis lean towards simplicity (Harrison and 
Jacksor, i158),, 

The domir.ant tr,e species .... ordpd during the 
present study in the park are Acacia spval (schweinf) 
and Balanitis aEyrtica (L). In the clayey plains 
Combretum rlutinosum (Perrott) and the Acacia polyacantha 
(Wild) are f'ound in the drained silty soils (Azaz). 
Along the rivers, khors and 2t the perirheries of the 
Yayas, ZiziLL_ sh,ia.-ch is .a (1j), JiUAia niloti, a (L), 
Acacia sieberiLra (DC) and Tararindus indica (L) occur. 
Hyphaene thebaica (L) is de,,usp along the edges of the 
River Dindero Associatpd with H. thebaica, surrounding 
the hilly areas, are Combretum hatmarnianum (schwint), 
Anogerssus eiocry-us &(Brown rhasey) and Adansonia 
digitata (W,. In the less moist heavier clays Acacia 
fistula (schweinf) is found with Acacia L a They are 
-lso found in arpas where into..mittent floods occur during 
the rainy spason. 

The Savannah grasses of the area such as Hyparrhenia 
spp and Beckerapsis spp, have been replaced in some 
places by annuals like Cyperus sp, Echinochloa sp and 
others. Alorn the "Gerf" of the Rivers andRahad Dinder 
are large areas of tall grassps, e.go, Sorghum sp. This 
species also covrs some of the mayas. Echinochloa and 
Sorghum sp intermingle with short grasses like PaniPUm sr. 
Where water is abundant, Bracharia sp, ynodon sr and 
Tennistetum sp thrive in a green-mat form throughout the 
year. 
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Fauna: 

Knowledge about wil dlife cistribution, migration, 

habits, 6enjit znumioerE ar,,are groups is limited0 

,ii york cv ',ie il area an limitedSerioi , 

SpT)Cirs. A v-riP ty of iTecij. in the Dinr.ea' Na tional 

Plrlk ar,, int~i(,,-3 ~ ~ f~l~~ of 

reed buct: and the guineathese vr c.ie ui ties of the 

fowl ai:d the (diversity cf V r . of 1'rey. The funa of 

Dinder inc o .; 

Reedbuck Redunca redunca
 

Tiar4, DamalisCIAs ti!ng 

We terbuck Kobus defassa 

Roan antelope Hi e-uecuinus 

Kudu Trajla is _trepsiceros 

Buffalo Sync eru -.cafler 

Giraffe Giraffa camelsp ardalis 

Bushbuck Tae .ris li s 

Ostrich Struthio camelus 

Oribi Ourebia ourebL 

RFdfrontfd gaze-le Gazzalla rufi.frons 

crin li___aDi;i dik Sj 2 a 

Ch -eta Acinoy .! iubatus 

Lion Fantnera leo 

Leopa.rd Pan 

Hyena, sy-otted Crocuta crocuta 

Hyena, striped 1yena riaena 

Serval Felis se-cval 

r ,!#.,taCivet cat V 


WNil1c t Felts si.v;,tris 4vca.
 

r .hOh i g cog Ljtcoan 3., 

':,. ha. ger lKeli 21ro;: car es 

BLA 1ccn.Tako an.abis 

GrJ.v~t monkey E7,' throc;bus riat& yrrhonotus 

Red hussar _ry'throeutms patas 

Far, olan Y'anis s,,. 

Airdwolf Ab rdr. -. orycteropuis 

http:Leopa.rd
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There are .lso ovcr 250 -pe of birds. Tho 

eleih-nt iorates t the Park during the rairy sea ol.o 

Furthermore the Pazrk teerns with rrear.y srecies of rep tiles 

and small 

The Eco<"i: 

The ma- hris *hree ,.a jor ecosystens, each with its 

own specilic Tlant and animal communities and each 

contrifuting to the overall diversity of the yark 

(HLarrison .nd J-.ckson, 1958): Lar,,est in exteit is the 

AcscJ, ,, aite, ar tica rnd Combretum spp,Isa__r-

,rV' >lC:,'l v, ic, 7i- cnar>Cc'erized by Leivy cnr~cing clays 

and tall coarse t rases (including Sorguni sp)o 

Alonjg the bn;.ks of' River Dinder and the larger of 

seasonal streams (khors) is a riverine ecosystem, The 

forest here is multi-layered, The urIer region consists 
of Dorce palm (.tenia) and Acacia sieberiana, while the 

wra 1 ac tm iihsQsiic Ziz.irxius j~ 
Chrrista arod YIImosa Lkra The dorinant cras.es are 

2oru' sp rand :raciiaria sT, 

The most :imortant ecosystem 'forthe wildlife of the 

Park is the "mayalas" ecos1ystem. The "maya'ad"are meander 
cutoffs that are g ra dually being, filled in'by sediments 
deriv,,(3 from their own smali citcisujent areas, It arpears 

that the 1.L ter surrlied to the naya~sis not derived from 

the adjacent river but from their ow local areas of 

runoff and groundwater sources. These rraya'as are important 

because they provide the main source of nutritious grasses 

for the wildlife, In Tarticular the mayalas provide 

Echinochloa spp for the animal polulations during the 
most severe part of the dry :eason (1arch to June). 

When the Yark was oririnally established its 
boundaries were demarcatE-d for reasons of administrative 

convenience rather than any clear understanding of the 

ecological systems or zones (Dasmann, 1972). Thus the 
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retgion occupied by the park has never embraced a self­

sufficient ecological area. The wildlife in the park 

must deyer -1, oi extensive grazingj areas adjoinir" the 

rk0 Duri: h'v wet season, large nunbers of a l: 

2i;rrato oUtLi'iCO the iark's bounduries to here.rea. 

-:ier o',.'.:: :'e not iimp eded by dense stands af 

'or;'hu, siu sr .. there are drier soils w-ith shorter 

iwore 1 L toi.us trasses such as 1L;rheri sp 

i,i,', ). ' Ile dr ,sea son the animals return to graze 

..- tLa >. a .i' te Diinder and on the perennials that 
_"!ol-- . i a th e v,,e.l -,,atero3 mayas° 

Jr t L, 

T.w' r.- ,.e rd of the last century the DinLer
 

,,,rtec ue to femine and pestilence. The
 

,,ea was T r',¢t, ->alt unLi-abited when it was declared
 

t- h in -9]5, was passed to
t .orir- Legislation 

.:.i nt0 the park, a, Requiba, a v:illage 

,-o:io tr- lsNorthern boundaxy of the rark, was 

.4 :- a......from the boundaries in 1974 

,u.,f ,' , r czochir , activities, Never­

,.: IS e:i. ;'-'0's a multitude of villages 

C b1ic: the boundary 

',ie PRiver Rsad., In a later section a comprehensive 

ralysis of human porulations and settlement is provided. 

Fi,r aur., i.)tod along park's with 
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PART TWO 

TRENDS 

a. Wildlife: 

areasWildlifo nay been disa-T earing from several 

10 to 15 years. Humanin Northern Sudan durine the past 

L-nd livestock rorulatjons are increasing, creatirZ more 

cpmand on :atura1 resources. Natural pastures are 
<estr~oy, d : very little is being done to keep humafn 

-ctivities it" harmony with (cologica l systems. 

is not a comleteAs mertionerd abov- the Iark 


.coI.c'ic ,l uri t iwcaustl yoeral wildclife 2-pecies migrate
 
to w t :, habituts out.7:ide its boundaries. Around 

1967, agricultural develorrent Lad been started in the 

areas used by the 1 ark's Ovi.dlifC the 'durir ­

lath AutnrriLed ({ overrment approved) and unautloriz,:.Io 

Lq-riculturl ccnemes sre [-rov%,irC- raridly in this aroa 

used by ther wildlife. In 1983 there vorE. at least 70 

urlicencod sciemes within the boundaries of the park. 

-ecnUL-,zec farming both legal and illegal has not 

only clearwl vast areas around the park, but has 

contributed to the 'Ieg1d'ation of the par: in other w-ys. 

vicinity Toa:-,chAlmost al rours of people living in the 

animals, e, ecially ourirg the wet -ason ,hen there arp 

no Rangers on Outy (Whitney & Lognraby, 1982). The 

said to Pupplenmertowners of the mechurized fPrms are 


i.eat suprlies for their workers through this rractice.
 

'T!he more rrofpssional poachers fins a ready market for
 

their kill in neighbouring small urban centres.
 

The ar-"-s surroundiriT the ]lrk wer relatively 

u-irnabit. until the bcgi.n.r, of the 1970's v,hir, Feorle 

• rom western Sudar. and nig.1ouring We?:t African countri-:. 

affected by drought conditions in their areas moved into 

http:unautloriz,:.Io
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the Dinder regior. About 20 viilages exist in 1983 
u-long the houndaries of the Iark. Inhabitants of these 
villages grow rairfed crops such as sorghum and raise 

ci.attle, 0eej and camels along the Fark boundaries aLnd 
o~te :ros-a , ir t ftip 1Park. ITheyrh alsaciv i 

J.1iY4, t'rn s -!or CIaIrcoal producCtionl, cawhich become
 
L very Iro li taLI :'o duc ts because of its high ,,,iand
 
in the Cilit of c;tral and .orthern Sudan. Villagers 
care . ret. Dr-osible for noot of' the 1 oachinf-, rI-oblems 
in the ]ark, Althoug'h one village was succp..sfu1- iymoved 

n 1974 to a nov locLtion avay from the Park, there are 
2:. 1.:ar lans to relocate the rest of ti- villa.es 

(Lamir k i::.nill', 1975). 

Per.hars :iore serious than these depredati-,y.. has
 
bPn the i-:i nomadic herds. Tradition­act. of livestock 
:u'at shoe ..ta...•r nerds of and camels mov,, ta Dc. 
grasl.r. to the n-orth of the 1ark in the %,etSeasOn 0;d 

rls of Rivers and and 
f..be Blue lI dtu.ing the dry beaOno Formerly, Ihe 

t razed their animals a-,. they moved over the 
extensive alreas that are nov, occupied by mcnia,. farms 
oi. the Ratad Irrigation Scheme bordering the lark to the 
northwest, But since the nomad s can no longer find 

-,o te bate the Dinde r RL-had 

ta-l;trazirn: areas in tlese farmlands without risk 
of incurrir C heavy fines, they are increasii4,y bringing 
their :rAjials into the Fark itself, where the fines 
im~os,' by the courts for trespass:i g are far lower than 
c.. fIrps for trespassing farmland. Table 1 prssents 
the n.uz,,bar of ireotle arrested for illegal activities 
".+ithr.the Fark and number of herds of livestock found 
tressT f sing between 1958 and 1982. The aver-a.e Lnumber 
of anir:,sls in one herd i- 800, 200 and 50 for sheep, 
catt>. und camels, rezcpectively. Yost of tr-Lf. sing 
from 1975 to 1982 has been attributed to sheep (imir, 
1983), 

http:villa.es


Tab]e 1 

Dinderrt- a sirng in the number oftok -rurj6_ activities and
L umber of I-people arrested for illegal 

herds of domestic livestock fourd ,reTaS59 the (in
to_182 (1)

fational Fark uring the re riod fron 1959 

"ossessio
 
.Collector5 dom ram: Fisher-:eHerds o Ofthe rark:of* of uutn:Liceced Total. 

*,cachersi* Years tresrassing of gum nd : men firearms:WitOut :ileav 
: livpstock(2) a-rabic ____'re:rerrli t :.1 

15
 
- 15 ­-1958-1959 87_17


2 ­59
9
1959-1960 1526 ­2 ­
- 1441960-1961 

- -873 ­2 821961-1962 
- 246 

- 18 ­-1962-1963 ­----1963-1964 _ 
----1964-1965 


- 5 9 -45-

1965-1966 


30 
_ 39--

- 15 24 ­
1966-1967 212-5 ­- 489 1501967-1968 90 -7 ­--1968-1969 
 90-- 855--1969-1970 

758To tal 2385 '78 96
20 4561957-1970 

Cont. . 
0 



_ __ _ __ _ __ _ TAI?](C r: __ _ __ _ __ I-

Co l l rto s s nHe r s o f e c t o r s . - 'i o r : o -- . 

Y~rs tr-srassing " of 6u.. "roachers h jk of o, ra-n,. o'ishc'-: 
*livestock arabic : ti- hout :l eav s anr : :en : ot1 

r
yon f ir e Er m.Pr : i t 11 f 

1 9 7 0 - 1 9 7 1 3 3 ...... 3 3 
1971-1972 2 - 46 - 1 - 1 
1972-1973 64 - 58 - 11 - 12 145 
19 73-19 74 135 11 65 15 4 33 - 252 
1974-1975 155 - 24 26 29 - 1. 245 
1975-1976 229 
 - 10 27 36 29 19 350 

1976-1977 270 - 10 8 36 29 - 353 
1977-1978 181 - 18 6 - 10 - 215 
1978-1979 241 - 26 . 1 - A.. 8 333 
1979-1980 432 - 22 15 15 10 19 513 

19 80-19 81 422 - 55 6 - 27 25 625 

1981-1982To tal 365 8 -3 28 18 4 16 472 
..
19 7-19 82 2529 19 367 2353 150 175 110 37-85 

(1) Table co7riled from the Wildlife Administration recor6s. 

(2) The average numbers of animals in one herd are 600, 200 ad 50 for shep, cattle 
indc .ieli, r 7Iectiveiy. The e is i. C t i IP Tnfor ation on treapa zSi n by 

different domestic animals, however most of the trespassine in 1975 to 1982 has 
beer. attriLute6 to sheep. 
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Livestock trespassing has increased about 126-fold 

during the period of 1970 to 1982, when comared to 1958 

vwith wild animals for foragqeto 1970. Besides comyeting 

and wa ter, dcu:estic lives tock are a source of infectious 

disea: es to v.ild animals0 Tis usually occurs toards 

the end of the dry season "'hen wildlife concentrate 

around the ft,'w remaining water pools. Rinderpest out­

resulted in losses of hundredsbreakc in !170 and 1982 

of animals; an outbrea:k of anthrax: was reported in .974 

in wild anirnals with 1.eavy losses occurring among reed­

buck and buffalo, In all tho above cases outbreaks were 

retorted among livestock in areas around the park before 

symptoms started Llreariryg in wild animals. 

Several animal species which were retorted to occur 

in the Park had already disaTpeared. The black rhino 

and the hi 1 ,opoamus were last reported at the beginning 

of the century (H:-,rrisor, 1953); crocodiles were abundant 

140's, however an organized governmentuntil in the 

campaign drastically reduced their numbers. The reported 

increase theTpurpose of tace crocodile crori irE was o 


Game Pref ='~tion Derartment's revenue0 No crocodile".
 

had been reTorted] in one pools 

w,,ere reyorter in the 1urk during the 1960's and 1970 

(?.ahwna, ler,.on, Co) How.';ever in 1983 one croco,.l e 

of the of the River Binder. 

!isL.; afterwardsHowever, it d eared 

The Lelwell nartebeest vws last reported in the 

1950's (Nimir, 1983), The sommerirng gazelle, which was 

was completely exterminatedabundant until the 1960's, 

from the Ir- by 1(70 due to the vast expansion of 

mechrnnizeO agriculture in the wet season habitat of this 

animal, A serr)Us decrecise in the numbers of' tiang and 

wiiterbuck, umountirtg to 60% Lnd 30", respectively, between 

1970 and 1976 vas ulso attributed to shrinkage of their 

wet season habitat and competition with livestock in 

their dry s-aron ,-abita-t (Hachim & Nimir, 1978). 
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As long as the habitats surrounding the Dinder
 
National Pau-- were undisturbed, the Fark was able to
 
support the arge and varied big 
game population
 
described above. However, the loss of the wet 
 sea son
 
habitats 
 -'s well az incrcaoed livestock trespassing can 
be related to the lacR of any landuse policy in the
 
Dinder regioi Decision -.akers admit now that 
serious
 
mistakes were mide Ty ailowing 
 large areas around the
 
park to be cultivated. In the
1981 area of the Park was 
increased by ar roximately 2500 km The increase in
 
area has been planhed to incor7orate some of -he wet
 
season habitats. Howver, this 
decision w:=s not criorced 
in 1982 and the farmers were Allowed to cultivate for
 
one last season within this newly incorrorated, area;
 
this practice 
was also allowed in 1983 providing that 
each farmer yayed a 2500 Ls fine. The practise still 
goes on beenand has further intensified in 1965 bocaus.­
of a drought condition in other parts of the countr. 
Adding to the problerms of the Park is the lack of enough
 
personnel, 
 vehicles ano funds to conduct patrolli.g, 
management and necessary research. 
Also natural charrof'.
 
in clima'e and vegetation succession can not 
oe overlooked. 

The Dinder National Park does not provide ,conomic
 
benefits for people 
of the Dinder region. A fiw femq orrary 
jobs are usually created each year following the end of 
the rainy season. Workers are recruited to open the
 
seasonal roads and build the camp in the lurk, Irdabit­
ants of villages near the !'ark have 
 been 2vowed to 
collect gum arabic from acacia 
 trees in the park, but
 
that practice was stopped 
 in 1970. 

Although Dinder National Park is the closest African
 
park to Europe and the Midd-le Bst, tourists visiting the 
park averaged 375 per year for the period from 1973 to 
1978. The low numb-r of tourists is mainly due to the 
poor infrastructure development thein country and the 
lack of national and internEtional publicity about the 
Park. 
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b. Fire: 

Park ecologists are still debating the impact of 

fire on the plant-wildlife system, but the consensus 

seems to be thu t the fre;.uency of the fires, burning 

approximately 60/j of th- total area each year is 

cieg radinig the environment (Dasmann, 1972). However a 

recent study nhows that, in the burnt areas, almost 90% 

of the regenerates rowth is of Acacia seyal (Faeil, 

1982). The latter -e-ris to be more resistant to fire 
•han the other two dominant species BL-lanites a vtical 

and Combretum spp. The causes of fire in the area are 

marj, ranging: from those started by wild-honey gatherers 

and nomads burninr the coarse grasses to ,llow more 

s-ucculent Vouner shoots to grow to the Park r-ersonnel 

themselves who use fire to clear routes through -the 

dense stards of grass. 

c. Land Use: 

The rurrose of tlais section is to 'escribi land 

use trends in 3st-rn and Central Sudan in gen-ral Land 

to analys- tl~e voriou, i-'c-ors that influence Ihe 

emergingW land use tr'ends in and around the Dinder 

U tional Park. From th, timj. o, , t.ab ishinent in 

1935 and u, to thL ,ra of the emergence of the resource 
use conflict in e.stern Sudan, the park seemed to acquire 

ecqual chances to struggle for existr.ce with other 

comyetitors. The human activities and the different 

types of land Lt at that time whhen compared to the 
current one ure almost the same in their classification 
but differ in their nature, magnitude and impact, hence 

tnreatening the mere existence of the park. 

Agriculture in its traditional form is an old 

rractice in the DirC.er area, then its mechaidzed twin 
followed in the early 1950's, similar to the other areas 

of the Savanna zone of the country. On the other hand, 

http:existr.ce
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pasture for animals, owned both by the nomadic and the 
sedentary groups, occutpied areas convenient for their 
movement in ano out of the area. Other subsistence 
activities like ,ood-cutting and charcoal making for 

domestic use were recognized and sometimes legalized 
by licences. Settlements were scattered at reasonable 
distances from the rark's boundarius. Poaching and 
honey collection were recistered as the most serious 
illegal rractioes that threatened the wildlife population. 
By narratir4g these activities we do not mean that there 
were no land use conflicts in the area before the 1970's, 
but we ant to highlight the fact they were not as 

disastrous as they are today. 

The areas of land use trends and conflicts facing the
 
Dinder National Park accordingly are: agriculture
 

(traditional, licenced and illegal mechanized agriculture),
 
livestock grazing and nomadic movements, wood-cutting and 
charcoal making and settlements. Poaching and honey
 

collection have been mentioned above. 

d. Agricultural Land Use: 

This includes mechanized dry farming (in demarcated
 

end undemarcatoO areas) as well as traditional land use
 

types. Essentially it traces land use in a central and
 

eastern Sudan through a series of maps then focuses in
 

and around Dinder National Park. 

Fig.4 illustrates the major and organized land use
 
types in central and eastern Sudan in 1935 when the park 

was established. There was plenty of virgin land 
available for development. Because of low population 

densities there was low demand for food and energy. 
Traditional cultivation around rural settlements used to 
produce enough for its own pap4lation and little surplus 
for the slowly growing urban centsrs. 



Fig 4 LANDUSE IN CENTRAL AND EASTREN SUDAN 
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Fig.5 indicates the accelerated rate of agricultural 

development in central and eastern Sudan between 1935-1965. 

Other than the increased acreage in the irriated sector, 

the major and the most spectacular expansion took place in 

the rainlands. Mechanized dry farmine introduced into the 

Gedaref area by early 1950's e.xpnded quickly to other 

Wrts in Kasuala and Blue Nile Provinces. As demand for 

uorchum and other products increased, it encourated large 

acalj clearance of additional areas (uzi4g hired and 

privately owned -chinery). 

These develo]:ments have deleteriously affected areas
 

of land available for other subsistence activities including 

nroadic movements in and out of the area. At the same time 

*J~ area started to experience large scale influx of 

Vopulation from other parts of the counti. 

Lend use patterns in central and eastern Sucian between 

-965 and 1985 are displayed in Fig. 6. The area has 

4,xerienced! further development and expansion in both 

itrriLted (e.g. Rahad Scheme) and dry farming (e.g. Dinder 

Mqhunized Schemes). Other than the Government financed 

I&Xaj-c'ited schemes, development of dry farming took place 

t;rugh joint ventures and large scale privately owned 

oeimnpanies. These new developments required acquisition of 

:Iet areas as well as infusion of capital. These develop­

~an hiave further squeezed out' subsistence farmers and 

Wr~adic groups as well as other peripheral activities. This 

Ita official development has been always accompanied by 

further expansion of cultivation in undemarcated areas. The 

major environmental impacts are probably caused by both. 

All maps thus fail to show the concealed transformation of 

eubviltence ag-iicu] ture into the large illegal occupation 

of rainlands. The Dinder National Park is shown throughout 

the maps to provide a comparison through phases of land use 

r attarns in central and Pastern Sudan. 
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e. 	Land Use Patterns in and around the Dinder
 
National Park:
 

Mechanized farming was introduced to the Dinder area 
as early as the 1950's by the ,ealthy businessmen. A 
total arta o4 L52,000 feddans was Planned and demarcated 
by the Mllecl.rized Ccop Production Administration in 
1968/69 mxci licncrs gven 144 farmers in'i to 1969/70 

.to cultiva te hold i.-- betneen 1000-1500 fedcdans. The 
planned aroa i:3 at a dis.3tance of 12-13 km from the new 

boundaries of the Park. 

The accumulation of capital in the hands of the
 
mechanized farmers, traders, goverrunlent officials in
 
addi ion to the Trofitability of such agriculture
 
attracted investments to this field. At the s-ame time
 
the planned area, do not match with the 
 iew., uiitation
 
and consequently the rush to the unplanned,areas
 
continues. Of particular interest 
to our current 
report is the invasion of the land extending between 
the 	planned area and the park boundaries. Within this 
area there exists the 20 km extension of the old Park 
boundary, This area has experienced the most in.tensive 
encroachment by mechanized farmers outside the demarcated 
areas. This new boundary has been established to create 
a buffer zone around the park especially to protect 
wildlife during the wet season which coincides vith the 
peak of farming activities. 

Recently, and because of the pressure of tie 
mechanized farmers, local businessmen and community 
leaders, the former National Feorle's Assembly(Khartoum) 
issued an order, based on the recommendations of the 
Regional Peoile's Assembly (Wad lYedani), in which the 
20 km wide zone is to be divided between the park 9.6 km, 
the farmers and nomadic groups 9.6 km, and 0.8 km hC a 
neutral zone (Fi6_.8). The land allocated to the farmers 
and nomadic groups is expected to be planned and divided 

I 



Fig. 5 THE GENERAL LANDUSE IN CENTRAL AND 
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F1g. 6 GENERAL LANDUSE iN CENTRAL AND EASTREN 
SUDAN BETWEEN 55-1985 
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Fig. 7 ENCRDACHMENT OF UNPLANNED 
MECHANIZED CROP PRODUCTION 
ONTO DINDER NATIONAL PARK 
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between the involved groups. Till that time the present 

Military Governor and the Regional Director of Agriculture 

of the Central Region (Wad Medani) has given the farmers 

the green light to cultivate their former plots for the 

current year 1985/86 despite the dispute between them
 

and the vildlife authorities. 

As further evidence of continued encroachment by 

farmers even into the 1935 boundaries, we located several 

farmers in the area of Tabb el Kouk well within the 

western bounraries of the lark (June, 1985). 

In fact the expansion -f mechanized farming, if not 

controlled, will not stop at its demarcated boundaries 

- whether planned or unplanned - but it could even 

penetrate deeper and deeper into the park as far as 

Galagu (the centre of the wildlife guards and the tourism 

camp in the park). The acquisition of land and opening 

up of new land (and in the process elimination of vegeta­

tion cover as well as wildlife) is the ultimate goal of 

the mecharnized farmers. "Why have we to rese2-ve (or 

leave) all that fertile land for a handful of baboons? 

We do not want the park", is a well known phrase that 

one repeatedly hears from farmers. 

Furthermore, a planning and licencing system will not 

solve the problem of the agricultural expansion. Evidently 

the farmers who have holdings in the plunned areas 

(including Dirder, Singa and Er Roseires) are expanding 

into the unplanned areas inside the new boundaries of the 

park. 

To a large number of falmers tLis area is particularly 

attractive (and they are ready to take the risk of 

persecution) for the following reasons: 

a) Since the area has been under reserve for a long 

time soils are virgin, promising high yield rates. 
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b) By virtue of its location near the slopes of tho
 
Ethiopian highlands the area receives higher 
 amounts of
 
rainfall. In 1984/85 crop year farmers 
were able to 

produce large amounts of sorghum and other crops from
 

relatively small areas, -dhere in other areas there wer,
 

high rates of crop failure. According to them the rains 

never fail (in total amounts and frequency). 

c) Since these areas are relatively higher (Azazat)
 

than the surroundling lands they are well drained.
 
Geomorhologically 
 they seem to form the water divide
 

between the various drainage systems in the area. Bec-u-,
 
of these factors 
 these areas attract both the mechanized
 
farmer and the park's animal population.
 

d) Because of the above characteristics areas cleared 

for cultivation can sustain high yields for 6-8 years 
against 4-5 yrars in other mechanized crop production 

areas. 

e) In spite of protr-cuion provided by the wildlif 
authorities and ackno-,ledgement by most of the farmer 

that it is illegal to clear land within this, ar,,a for 
cultivation they (farmers) hoTpe that one tho-ythr; 
Government lands (corm.or Ipoi orty) wi]] bI -vr1'.rx.lly 
planned and divided for rtmechanized agriculture. 

According to Lo7oghraby et al. (1983), there were 7' 
unlicenced schemes within the bounrlaries of the park. 
Today statistics collected from the Agricultural Office, 
in Ed Dinder, indicate that there are 460 fa-rners out'ice 
the demarcated area controlling a total area of 266,0M 
fedrians. Size of farms range from 500-1000 foddans. 
These licences are usually issued provisionally till new 
areas are planned, demarcated and divided. One of the 
basic flows in the system of lirencing is thtft the 
Agricultural Officc does not specify location althoul', 

they generally indicate the size of the holding (100
 
feddans). 
 What happens after the farmer gets the permission
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is a differtentstory. The aove size figures liow .he 

farmers clear land that i. 5-10 times tL allowed Ci:l'.L. 

The areas actually cleared show an increasing ten .rvy 

toV'ards large -oale commercial production rathnr than 

subsistence purp)oses. 

Within the newly established boundaries of the park, 

da a collected indicate that there are 142 fari;ers (74 

farmers in the Eastern Sector-area between Dinder and, the 

Ruhad rivers and 68 farmers in the Western Sector-arga 

west of Dinder River). Farm size ranges on average b(%teen 

300-6000 fe~dans in the Eastern Sector, while it rar4gs 

from 300-3500 feddans in the Western Sector. The propen­

city of the farmers to 2:.Pand within the new boundaries 

soms to have no limitz. None of the farmers in account­

able to the local Agricultural Office. They jlay o:Ll 3i 

nomainal land tax of 50 p.t. per reddan, 

Table 	 is derived from our field obt.rv i tiozi, 

v.ildlife records and the Dinder A!:riCu'Itural Office. It 

ai.ows areas cultivated in 1984/85, areas newly cl.<irec 

(1llegally) for 1985/86 season and 1-ercontago increase 

in one year. 

The table provides further evi.6onco t the .'rowjrj: 

1:!nd use conflict within the new lvunO!re af the ]i:.c 

Among the total number o farmor (74 farmers) the ,: ",2 

pex.centage increase (encroachment) is 80 i or c:,,nt, T iA 

overage 	 farm size is 14 times the area allowed bb, tie 

Ag,,ricultural Office. Amiong tht, pled fXrmers tie fc. n, 

:JZe is 34,5 times the offici,.lly allowed .,ubi.i.ence .izi, 

?.ost of the farmers own and use more than one tractor. This 

aliows the farmers to expand cleared areas indefii.itel~y 

fa ier.s 	 from other -'larre--.This has alo tncourag;ed many 
,:;cY ~ i ae d c rot prod(Iuc tiJon areas (e'. ]fall nd L.2 z mu;: 

Dibj er, 	 El Gcdr, f) to olon uj ,. ar-'as in anc: . 

Thi s izi'lu.,: be,.n intensifiid c;urin tii,
the park. 


1984/85 drought. At thi ratis.3 indicated by the figur ,s
 



in Table 2 the farmers will not only occupy the area 

within the new boundaries, but the park itself r,ill 

probably di.sarpear in less than a decade. 

Table 2 

Number o farmers, farm size in 1984/85, areas 
cleared for 19d5/b6 season and percentae increaso 

the easucrn sector Dinder National park 

:No Farm size Areas cleared Yercentuge 
in 1984/85. for 1985/86 increase 

1 1,000 1,000 100 

2 2,500 .onn 4
 

3 3,000 1,000 34
 

4 500 250 50
 

5 1,500 500 34
 

6 2,000 2,000 100
 

7 1,000 500 50
 

8 1,500 3,000 200 

9 1,500 2,500 134 

10 4,000 2,000 50 

11 3,000 1,000 34 

12 1,000 3,000 300 

13 5,500 1,000 18 

14 2,000 1,000 50 

15 2,500 1,500 60 

16 2,500 1,000 40 

No tea: 

On averag the annalti T ercentage increase = 11O: 
Total area ocui iec b.y 74 farmers in 1985 = 106,000 fei."n: 
Average area Ie:' f-rm 1,430 
Total area occti ie] t farmers in the 
sample (16 farirs) An 1985 35,000 

- Areas illagacly cleai,-d in 1985 = 20,250 

- Total area to be cultivated in 1985/86 = 55,250 " 

- Average area per farm amorkq the sampled 
farmers = 3,450 " 

i9
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Traditional Agriculture:
 

From the field observations and the interviews with 

the local i eople, the traditional agriculture is restricted 

;o a haadfu" of' plots at the northeastern and the northern 

i 	the Park where the local people in some villageso 

like Ein E,-Gaml, Urni Kuraa, Kl Junam, El Gogani, and 

Hona E1 Azrag cult--.vate small holdings depending, to a 

great extent, on che.r manual capnacity imilarly to other 

areas at the northwestern side of -;he park near Eraif-

El Deek. Most of those practices are out of the 1.981 

boundaries with the exception of that of' Ein El Gmnal which 

is located within the park according to the new boundaries 

of l581 due to the fact that the village itself was founded 

in 1960 and its legal problem of existence is not solved 

.vet. 

The expansion of traditional agriculture is expected 

as the result of the recent exodus prevailing with the 

dclcu;ilt that inforced the phenomeLoi. On the other hand 

the new migrants have other alternatives uch as to work as 

,rricultural lIbourers in the expandin , mechanized farms 

.,gethter with the seasonal migrants. The latter come mainly 

,,-.Wester", Sudan in addition to small groups from Southern 

i "dan. Traditonal agriculture in the way discussed above 

:,lays a minor role in th,- conflicts upon the park relative 

to the mechanized one, 

As a summary we can say that the main reasons behind 

the agricultura! expansion out of the planned area to the 

marrigns of the Nni.onal Park are the following: 

i-	 The planned area of 1968/69 is lagging behind 

the accumulated capital and the outlook of the 

farmers.
 

ii-	 The pioneers have acquired as much land as they 

could for themselves and their families so that 

the only alternative left to the late-comers is 

to invade the Park. 

A
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iii- The soils of the Park and its surroundings 

are virgin and fertile enough to attract 

mechanized farming. 

iv. 	Abjence of land control by the concerned 

autho-ZLZed gov ernment departments and lack 

of co..orzdinat.on between.them, i.e, Wildlife 

Dept,,, Fure,etry Depto. Range Mnagement,0 

Regional Councils, etc. 

v- Light sentences against law breakers,
 

vi,.. Decision making is directly or indirectly 

biased by the farmers' pressure groups° 

vii- Lack of field inspection facilities for the
 

wildlife rangers 

viii- The discrimination of the grazing rights-. 

ix..	Lack of scientific techniques of agricultural
 

production vis..a-vis land and crop rotation,
 
use of fertilizers and j-.wticideso
 

Grazing Lands:
 

Animals rearers acquired grazing rights for their 

long history in the area, where they. can use the marginal 

pastures between the cultivations known as "marahil_" or 

"masarat,' (grazing strips). The '!marahil" used to lessen 

the frictions between.the, animal rearers and the -farmers 
as long as they ar.e wide enough. The competition becomes 
harder if their ca jing capacity is lower than the number 

of the livestoci:, 

The clan and the tribes found in.the .area are 

Umm Aroza (Raffa l Shaxig), Awlad.Badawi. (Ruffaa), 

Shibilat (Ruffa MEL Hog), Wadean (Ruffaa), Wad Abu.Khi.raiz 

(Ruffa), El Shibba .(Ruffaa), Galatin (Ruffaa), Nasrab 

(Ruffa E1 Hog), FU Singrab (Halawin) and EL Gilifab(Kenna)o 

These tribes rotate between River Dinder and the
 

L43
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Blue Nile in the dry season. They are now suffering 

from the expansion of the mechanized agricultural eachemee 

that are closing the "marahil". Some of them confine 

themselves close to the banks of the two rivers most of 

the year to avoid the contact with the farmers. 

The drought conditions have expelled other nomadic 

groups to the alrady overstocked Dinder aroL- in the last 

few years. The area witnessed for the first timn the 

invasion of nomadic groups from as far northeast as 

Atbara and Kasbala and as far southwest as Singa and the 

White Nile with their sheep, cattle and camels. The 

newcomrs are Kawahla, Ghazaya, Shukria, Arakien, 

Agalien, Lahawin, Bani Arnir, Zubidia, Fallata and 

Umm Barraro. M0ost of the interviewers (during June 1985) 
explained that they have come to the Dinder for the first 

time looking for better pastures. Consequently they have 

-f. .
c,-,a , " their .rn.r : nfoe 

Lack ot' grazing lands and the overstocking of the 

area introduced a new disastrous habit of choppiyn-off 

the tree branchoo of evergreen spp to provide more food 

for the animlo. Iqot only thu+ but the rearere drive 

their herds int. the park stirnilated by the poor facil­

itis of tft ;,anrk wildlife rur4'ers. Some cases were 

caught and t-.ken To tno court. 

The aninal reoreri are complairing about the 

scarcity of the land le.ft for the pas.tures and the 

discrimination of "lie prazing rights by the farmers. 

This is explicit ;hen ,,e refer to the distribution of 

the mechanized agricu.1 7.mral schemes in the whole areas 

Even the decree of the r,:.-National People's Assembly 

mentione(d before has nel'! ed the acquired rights of 

the nomadic groups by allocatig only 0.8 km widA. strip 

for grazing and a route (marchil) out of the disputed 

20 km new park axtension. On the othor hand the
 

mechanized agriculture ,ias given a free-hand to expand 
formally into 9,6 kmswida strip in addition to the areas
 
it is already occupying. 



PART THREE
 

HUMAN SETTLEMFYTS AND ROCIO-ECONOMIC 

DYNAMNICS TN ED DINDER AREA 
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PART TIIREE 

HUMAN 	 SETTI,EMENTS AND SOCIO-ECONOMIC 

DYNAM ICS TN RD DINDI AR-1A 

There are three growth poles surrounding the Dinder 

National lark and coverinL! areas which can be considered 

as ecological Lnd economical extensions of the Park. 

Ed Dinder ('. (uasi), Ud Damazine and El Gedaref are 

three urban centres with rapidly growing human settlements, 

increasing commercialization of production, mechanization 

of cultivation and utilization of forests. The further 

growth of population, animal stock and economic activities 

in these regions will have great impact on the future of 

the Park. First, because the Park itself is not conridered 

as one comrlete ecological zone (Hakim, 1984). Second, 

because the urge for expansion and competition over land is 

leading to further infringements into the boundaries of the 

J ark. 

The purpose of this section is to analyze in a 

preliminary way the socio-economic dynamics of one of 

thes,- growth poles with the purpose of projecting any 

Tossible conflicts, resolution of conflicts and outcomes. 

The study concentrates on Ed Dinder town and area. How­

ever, a comprehensive study of the area is necessary in 

order to give an overall view of the spatial linkages and 

socio-economic interactions in the area. In fact a further 

extension of the study is needed in order to incorporate the 

national level demonstrating the interdependence and 

interactions in the political dimension and the utilization 

of resourceso 

The urban centres of Ed Dinder, Ed Damazine and 

E Gedaref constitute a triangular containing Dinder 

National Park and a large area with a drainage system 

ircluding parts of the Flue Nile River, Ed Dinder and 

Rahad rivers.
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la Gedaref lies in the Eouthern part of Kss.ala
 
Province, 
 east of the Rahad River (Tayel, 1984). Due to 
the richnesEs of the soil Ld reliability of rain, the 
area invited a rapid Lrov,th of InecIa~nized rainfed
 
cultivation. 
 The first :e, r.ia.ed rmfin branba in
 
1944 in the GhadarLaynl. Thereafter, it 
 became the
 
most dynamic area in Sudan eit teriencir rapid ,:rowth
 
of populatjon and rro du cticri 
 of sorghum, sesame and
 
rainfed cotton.
 

Ed Damazire is the ,rrovincial caital of the Blue
 
Nile Province and is situated on the west ban, of the
 
Blue Nile (Simpson and Simpson, 1978). Though the old
 
town of Ros edres was the major centre in the Southern 

unag Region, Ed Dama'zine became the major commercial and
 
administrative centre after the 
 establishment of' the
 
Boseires Dam i.n 1966.
 

-
Our o,,n - tion Lo b va . k:-L-'.- to1 by1.u-ie. 

Hakim (1984), Nimir (1983), TPaeb (1984) and Siim.pson (1978) 
showed the follow inic comu a ti ncu thein area: 

a. Increasir4, Human Snt ila:rits 

Human settlements have ir.eased sirnificantly in the
 
last few decades. Around the Fark several new 
 settlem-nts
 
have been noticed. limi r rev ort-qi that 
20 nec, villares
 
have been built durinfg ,he 102t, This is to be
fhcade.. 


-onrasted
wvith a hio'' c)IO little or no .Oaul- tion around 
the Park in the beginnir, of, tao crntury . noticed by 
Harrison (1953). By the early 19O's the poruiation has 
increased significatnly. AccoriV,' to 1983 Toulation 
Census the poTulation of TEd Di :Ier area was 93,023 rersons 
(Table 3). This can be comoarei with 730,000 persons 
estimated to be the populatjiar of the Gedaref region with 
a porulation density oZ 9.4 persons per km" (Tayeb, 1984). 
Similarly in the Damazin:e area there is an iicreasir rumber 
of settlements. Accorring to Duffield a substantial number 
of West A41ricans settled over 10 villages along the banks 
of the Blue Nile south of Sennar,
 

C-' 
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The rotulation 

Houseolds 

Table 3 

of Ed Dinder as 
region and total 

!.a- es 

percentage 
porulation 

F eal es 

of the trrovince, 

Total 

Dinder area 

Blue Nile
Province 

Central Region 

Sudan 

16,162 

184,088 

698,010 

2,838,305 

00 48,369 

8.78 571,539 

2.32 2,127,828 

0.57 10,963,605 

00 

8.46 

2.27 

0.44 

44,658 

537,590 

2,085,342 

10,628,976 

00 q3,02 3 

8.30 1,109,129 

2.14 4,213,170 

0.42 21,592,282 

00 

8.38 

2.2 

0.43 

Source: Department of Statistics, 1983 Census. 

-4 
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b. A Process of Sedantarization 

The settlemonts are not new phenomena to 
the Dinder
 
area where towns like a. Suki, Ed Dinder (El Guaisi) 

represent the centres in their upper hierarchy. Close to 
the Nationai Fark some villages, like Eraif E Deek, were 
founded befo--e the park itself For the sake of protect­
ing the Pork- fro;m poaching, honey collection and other 
activitie, those villagos were moved from their original 
sites to keel, them aL i. reasonable distance from the Park. 
Although other villages, liike Bin F2 iL .i (founded 1960), 
are located outside tne ?935 boundaries of tho park, the 
new boundries of 1981 have added them to the Park. 

The early migrants who arrived to the arounda-rea 
and before 1940 have established themselves and are 
claiming rights for riverine lands (groof) for grov'ing' 

fruits, vegetables and other horticultural producte as 
well as rainfed holdings and pastures. In 1948, Tcthill 
described the area as largely inhabited by Riuffa esh Shareg, 
tribes who were mainly camel.-owning with large holdings 
of camel and sheep (Tothill, 1948).
 

Recently settlements have been krowing< at faster 
rates, - two to three - fold due to the exodus from the 

desertified areas particularly from Western Sudan. 

It is interesting to observe that the kinship 
affiliation characterises the pattern of mirati.on to 

the Dinder area. The new members of clans and tribes 
join their kin who settled before them in well established 
villages, In this way groups from esseria, Biggara 
(Rezigat, Bani Halba, TJieha etc.), Zaghaia. Salamat, 

Dago, assalit and some West Africans like Hausa, Barnu 
and Umm Barraro have found refuge in villages of kin; 
Tables 4, 5 and 6 show population trends in Ed Dinder 

area. 

http:mirati.on
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The ratio of nmuadic to tota] population might have 

8O& during tli, 1950's. Murig ..tAhe lastbeen ao high as 

U- iltai'y l'opul.itin Ii in2.v~eased, first as30 y6r;, 
- -u& Ltl]-iJerltH and seond and 

L re;,uiLt of .4 1 'Z i Lnd 

mort i1,Pk .. L,, U a reawtt- Of o--1 VProcIDIs of 

si'oWza down.settledi tpA±u'LzUt, L'uru MLLty oi the 

Thu, ratiG of sodf.U',f'X .onu.i: tiov v1 53) in 1983 

The iiii bi o' v iJ.lO .fs doubl ad.', ul e 4) 

Ta l e 4 
o n Nomad i rpi-liati -in Dinder Area - 1983 

ot 
-. VaLms:Fma es 

8 4,956 10,328
Dinior haut,-Rurai 1 ,70 5, 372 


]),l e.C' We -o: R':,a 1,434 3,831 3,422 7,253
 

9,203 8,378 17,581.,202Tr, vtl 

Source, Department of Statistics, 1983. 

Ta b. e 5 

: .. -UCh-di, itrLbt.1lo o LLltion in Der 

4,881 4,515 9,496D,.f.t: , Towr b142L 

i 6 03 14,523 30,606 . .& -LR - 5,536 
iJ.' ,"'Y"We:t,-! dl' 6,0"03 ! 8 1'7,242 35,340 

162 36,280 75,44.2(;V.) -A 12,960 

j'AIrce. JDe!,rtlel;;. Af Sta tistics, 1983. 

Ta bl 6 

Total 1iuatibfn inl Dinder Area 
-

• Females: Total 
anhl les 

8,378 17,581
Ruial Nomar'ic 3,202 9%203 

65,946
Ruralr Sedentary 11,539 34,281 31,765 

. 1I 4,881 4,515 9,496
Urban 

48, -365 44,658 93,02316,162TOtal 

Source: Department of Statistics, 1983. 
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There is certainly overgrazing and overstocking 

in the arpa0 It is estimated that there are 60,000 

cattle, 30,0O0 cheup and 10,000 camels. The carrying 

cpanc2Aty o','the ava'.O.Iible grazing aroa is less than the 

demndo~ ''. .e tae nomads to move to the Park area. 

We have come acre r tt;-ns of herds owned by Rufaa esh ­

31harag ,.a we! ile 0.Lter trJ.L),s grazing inside the Park. 

In , t,h, 01 1 u coali ed by the Wildlife Admiiistration 

record'ed L,51-.j incidences of herds trespaszinl during the 

"er.Lod 1970-82 (Nimir, 1983). The extent of trespassig 

is Jra. wij.th the shrinkage of the area availalle for 

graz 1. !" tHe Wildlifi Admiai.tritioii startedb cently 

i' V6 harsh regulations of shlootir4.; and confis-VeX 

Ptg- t-roj:;aasr anim ,s,, IDecrui.te that the nomads 

'0, .rtIu takI the risk and penetrate4 .the Park. This 

may reflect were desperate behaviour due to the lack of 
r" land. To the ildlife Administrationthe nomads' 

11 threat to w.ld3ife not oTnJLy bLCEUse of 

CoLir tloit c'.r tile grazi. 1id but more so because 

nomb..d- U IC are held to be behind the outbreak of some 

epi(r'ic ".i, iatethaut killed some widlife, hence, there 
is cc rpas.-, te:.Jion bet',;een thf :.omads and the Wildlife 
Adynm.itra ti .b, Tuch more than t!hat with mechanized faruling. 

c. A Procre:; of Urban:i. rtJ.on 

a-',Abu .hm 

Ltdmini ~tr~at-J-,i-) c~'e 4J.c~t~. h nzr 19 
aven oldfer -- rofer,.,'d to by Tothill in 1948- and might 
have been the capatal of the tribe. The, Abu .Sin family 

which was mentLoned during the Dirco-lgypt.an era resided 

in Abu Eashim. 

rd DHinder hi are riridly growing 

FA Dlindor grew as an important centre due to its 

location near the railway line (:- railway station) and 

the fact that it became a crossroad of transportation. to 

Gedaref linking it with Es Z;ukl. Afterwards it b-oame 

an administrative centre when a municipal council was 

http:Dirco-lgypt.an
http:IDecrui.te
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in the 1950's Thereafter it grewestablished there 
tion and a as an important centre for -0d1in.stra 

5 and 6.com;:!erci&a- centre, Tables 

SeV1: ,..oiesjue graina 	 crop merchants and retail 

There are probably overtr.-zers moved to Ed Dindr. 
200 marchant. and t r'adr: in the town,, The major big 

sesLme and charocal.u ( orghum),merchant- traa c gran 

In 1)81 there werL b9 rEg,,iutrod charcoal merchants0 The 

are oft n -iphoned into
surpluse:s Venerated in traLOo 


meC niZ ed farala and/or ch:Lrco.Al production.
 

("~CrcoL 1ProduLCt]0 ionad Focreot Utilizationd0 

the forestsTo the local villag2ers and nomads 

major sOUrce of energ'y The rate of usecontitute the 


)f wood and forest product.s by the traditional villagers
 

c±dlnd run.ty in-tended for owvn consum[tion.1 ,ir l"' 

of charcoal in Ed Di-nder


'lowever, colmercitll yroduction 

The expanded
.- . i.,' l t.L:..o.ro the ij50' laeruhant 

,roduction, One who is
Lt..e..r actV.ttieP to cprarooaL 


Trom the

intereoted in producLng' charcoal gets a permit 


Derartent of F,)restryo He dis.patches workers with food,
 

from Acacia
tuols in order to procluce charcoalwater and 

(e. 1t. The viorke v ae, a I i.ece-rate (per ,;aek) 

send lorries to collect the charcoal. They
The merchants 


where hills of charcoal
 
may store it in Ed Dinde' itself 


town.
call be s'een froi f Ir! thc' northestern side of the 

the charcoal in neighbourirzgSometimes the merchE:tstore 


centros ,-. such as Khartoum, bedani,
towns or conjunmir.g 


In to the big producers each of

Senrnar, etc. uddltion 


there
whom may pro(Duce as much as 20,000 sacks annually 


usually produce very small
 are also small producers who 


amounts either by worki-,4 themselves or employing few
 

workers 

of trees are catered forCutting and replacement 

to the map (Fig "hn) the past :the liceneuccording 

was the authority of the
,Approval of charcoal makers 

http:ch:Lrco.Al


Forrstry DeJartment tlt currently it is the job of the
 

Regional C'aniLj whiich creates weak control over the
 

activi ty,
 

The U.3,.t duti-e~ from the;ui.iecta licencas.
 
I txe. . - n'a-eo ear.ui' the productLion oi' charcoal and
 

.,. ' ole Councilthe , ±or L,*r i.t' It o are presented 

in the toL- .'..
 

T" 1"i
 

C? :rcoc; rivenue -co .ected by 
£;d flhrieor o- ig...94J 

t :h.,1n~venue": " --y: P,:.0r'du.... " :j. n Ls) 

p-) _4, 064 161, ;17
 
] 8/i ]''94L;204,486
 

'9I]/d4 1 ,22'1A 3LO692 

.'_: Fo y Office, Dinder,1984,r.,,Iie';AUment 

. nd the and 

*, AUL *,,,,'crtheleeii, the tl ble indicates 

D:>, . a;tir u~w iev8111u of fuel 

,, 


S .l" ! l .' -: . t,,.Li t:v.ty.. It recorded 26.6% 

,(,:'". ., r. r I' ,.e Il I.' 1 62, !rum the ,st" year 1981/82 

Letn :,.. - ,,,en v; i. /t;4,, The almost.... production 

dc L,.~ d I..W, .:'_ a 1. ye",, JIc,. frim the t.se year/d4 


..si;/, 1:o, Inccrea'je,. ThIL, increaLse in
b, :eei dlz§ .~ 

Mth . tt it..,; o rUy due to the demand by 

the maI-t, ....t :b ,,-vt dd to the increse in the 

area ii l ,' Lhi1eiu .Od LrUiiX j. The iuthorities have no 

Ay ,.-At i1: ,., rb. the I rr , ±id traders as well, 

ilce7i: .,s t1 p't0LNAlu' ru:' ecauue the farimers have theh p 

riiht of"' r Ia: cutting:".u1tural lhnds (tree 

and up r.t.t ,i,, iu':i'".LI aind weeds etc.) and they 

would :,uri 'he treed . .i they failed to get the 

charcoal mu l< licencee, 

Thf, inr:'reasi activity o1 wood cutting and up.­

rootir;- .. " .cdud soil andA,'Ibt. to erosion degradation 

(enviror-zent±.J detct-,.,ut ou). It conc,.iuently reduces 
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the production capacity of Lhe laud (crops,' snd the shift 

to other land is the handy alternative. Wood cutting and 

up-rooting will give more chances of pressure on the land 

and becomes more danerous when extended to the National 

Park,. 

e. Wild Animal Poaching 

Poaching of animals is prohibited by alli n laws 

over the country even outside the animal reserves. The 

sun dried meat is required by many people. Cheap prices 

attract the farmers to supply meat for, the agricultural 

labourers together with dried fish. Poaching is one of 

the problems the park has experienced throughout its 

htstory. The concentrntion of wild animals in the park 

stimulates poachers to b;reak in. Some animals are 

unpilatable but poached for their skins or other usable 

-art of their bodies. It is an easy profitable job in 

which traps, traditional hond tools and guns are used. 

The noaichers usuallv riove in groups and establish temporal
 

o amo, where they could spray the meat and stretch the skins 

r dryi ng. 

n,',anvcases of iouching are cught by the wildlife 

i:L-irdsand tak'r to the court. In this respect it is a 

dangerous taskt o pursue poachers, bearing in mind that 

they are usually armed and strongly resist arrest. 

Contemporary to the field visit of the authors to the park 

a g4uard was shot by a poacher in one of the campaigns. 

The solutions for the poaching problem, no doubt, require 

provision of inspeirtion facilities for the guards and hard 

sentences against those who are engaged in the activity. 

f. Honey Collection
 

The National Park provides a good habitation for the 

bees, hence honey is availabie for the collectors who 

find flourishlng markets. Formerly honey collectors were 

allowed to enter the park but now honey collection is 

prohibited and considered unlegal. The prohibition is 
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justified by the fact that the collectors used to smoke 
out the bees by setting fire to the herbs and weeds so 
haphazardly and carelessly that the fires usually extended 

to unlimited areas and destroyed the surrounding habitats 

beside mniz the bees themselves. 

collector!, have falled to 3dapt more advanced 
techniques that could enable them to collect honey and 
at the same time preserve the environment from destruction. 
There is also no guarantee that the.v will confine them.­
selves to honey collection alone; under the umbrealla of 
this activity they have the chance to practice other jobs, 

i.e., poaching. 

INDICATORS 

A combination of physical and social indicators are 
needed. However, the present Dinder group felt more
 
comfortable in focusing on the physical system indicators, 
a situation that probably reflects the need to involve 
more input from the social sciences. Critical indicators 

to monitor change in the area of Dinder National Park 
would be found in the areas of soil, vegetation, animals, 
rownads, forest products arid mechanized agriculture. 

In attempting to think through some of these issues 
f'urther and to define potential indicators, we constructed 
the very simple causal loop diagrbi (Fig.9) that supple­
ments the more elaborate systems model of the Dinder 

ecosystems (FigolO). As elaborated in ETMA-Sudan working 
paper No.1, the meaning of an indicator is often armiguous. 
In interpreting on indicator, much depends on the under­
lying philosophical parspective that is thought to bear on 
the indicator. Thus if one favours wildlife conserva­
tion as a primary value, then any environmental change 
that reduces animal habitat w.rill be viewed as a negative 

development. If, on the other hand, one is concerned 
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about providing food and other resources for people, 

then the conversion of grassland to mechanized agriculture 

is a positive blessing. 

i-dd-.i-tors to monitor environmental change in the 

are - Dinder National }ark include: 

The litount of grassland as compared to the extent 

of open Savannah forest° This indicator can readily be 

monitored over a broad area through remote sensing images. 

Several possible pressure mechanisms can be envisaged as
 

producing changes in the grassland/forest ratio, including
 

-harcoal cutting and burning and/or expansion of mech­

anized farming° 

Both of the above processes might be due to changes 

in local population dynamics and distribution of local 

villages. In addition other important factors could be 

operating at a regional scale to promote change. Not 

least of these is likely to bt, the price of grain in the 

national market place, 

3ually important are the feedback loops in the 

system that regulate the pace of change. Thus, changes 

reduce soil fertility and encourage land abandonment 

act as a constraint on the expansion of cultivated land 

and promote the reestablishment of grassland and, pre­

sumably, the original savannah forest community0 

The amount of (or percentage increase in) abandoned 

land would under these conditions be a useful indicator 

of the directicr of environment change, 

The increase in guella-quella with agricultural 

expansion might also be a valuable indicator, a would 

some measure of the amount of charcoal production from 

the area,, 

The extent of burning, both in the Park and outside
 

it, from one perspective would indicate the potential for 
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substantial ecological cha.tkgeo It is also possible that 
fire (at least if maintai-ned at or below certain levels) 
might be important .n Lhe mnaintenai-ce of the more open 
savannah forest ecosystem that is valuable to both 
r4cjme t-'- '*_d a ,d wild animats, 

ecolc>o
.',hsJ a_, change indicators are best 
represented th e::imles of tree regeneration, rather 
than the mature, -:.jiory level specimens, A focus on
 
species regeneration is seen as one of the most suitable
 
measures of system state theto 

Tree regeneration is affected 


shift from one other. 
by fire, grazing and other
 

human activities as well as chang[es in environmental
 
oonditions, such as rainfall_
 

The areas selected to test ecological indicators
 
should be areas vulnerable to ecological transformation.
 
The ecotones are of more interest 
 than the core of 
ecologically stable environments, if the objective is to 
understand the resiliencestability and characteristics 
of tAe system under consideration, Thus particuLlar 
attention is drawn -to the 20 km transitional zone recently 
cdded to the park, an area that has lo-rig been under human 
ey-ploi ta tion. 

Another, examrle is readily available in the old 
Uclearance" alignment theof Rahad canal,. The area had 
been cleared in the late 1960's. To date the only woody 
species regeneration Ls found in the.mechaniz-ed agricul­
tural plots within the area,, This could rompare nicely 
with the clearin, of the protedted airpaxt ..strip near 
Gelag . (abandoi,ed for at least six years) *Acacia sey 
regeneration is quite dense in the latter, This probably 
reflects the intensity of grazing, thickness of grass 
cover and fire, 

The wildlife population in the Park and adjacent 
areas may be ar. indicator of ecological change. Deteriora­
tion of the grazing and water resources upon which the 
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wildlife dEptfnd ihould bt. refle:ted 1in fluctuation in 

anima! -e' -,v. nd herd structure° This, in turn, is 

LizI. d c t c *'y Lou c ,.t r',t.t_ tions, but also to 

tI,, 	 (.-11: e theS.'< , J lI.. ,.,Lte tt (-ha in 

pn s I .d L..,#. .: :.,.tc the may a'as through 
siltatubn,, v Lr t:L_,ro tit. and uoe by wildlife as 

well as, (,i.,j:it; :n t! d t-± t.,t of vec t': LIol rings 

and clo..'L:ed leodazi& iXfutt. All theae are parzumeters 

which may aer (u,'y redt;( e food and v,ter suppla es for 

wild anima! i. eapeci ,:J,.y _Ln the dry saoson 

Other ;:ubtieI ndt .u to. .n1.,Ideo 

1. 	 Appearance and extent of occurrence of new plant 

species andi reLlacemeinL of pexenmiul grasses with 

arfuali -_ ridluatlon of loss of soil fertility 

and/or deceascd rainfill eo.i', the appearance 

in o':iera. within the Park of CalotopisreS 

2. 	 Ranre and occurrence of species of wildlife, e.go 

a lion wci'eported to tiaiive been seen near 

Abu !azeheirm in Auus',18-3 The extension of 

the 1lon's razge could indiea to the extent of wet 

season hbitat e wildlife. Elephant was hunted 

near Abu Hauueim in the P)30'. (Ilahana, person. 

commun, ). On the other hiand it could indicate a 

shift Ill the feeding preference of some lions to 

domestic livestock. 

structure and rate of recruitment.3. 	Wildlife herd 

4. 	Number of herds and geographical extent of illegal 

livestock grs.in-, 

5. 	Dctent and frequency of wild]iiCe di.itases, 

6. 	Number of poachers caught and the weight of dried
 

meat baipged, 

7, 	 Numbt-,r of' to VS to ta, Park 
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8. 	 E~pansion of tile area of mechanized cultivation 

and size, location and number of villages around 

the Thirk, 

INT ERV ENTION 

It has been obacve- clurang the past 5.-7 years that 
:most of the imaya'a,, in Dixidr r:atlonal Park have dried
 

,
up. The feeding chiannels coi.riectin , maya'as to River 

Dinder (s[ ;ayat) are no longer transporting water to 

the maya'as the reason being that the discharge of the 

river has Oecreased from the nornal of 3 X 109 m 3/year 

t.:, 2 X 109 m3 /yearo This hutd triLgerrod a chain of events 

tarti.rig with the blockage of the sa,-ayato Repeated 

I rc decroaue in the amount of rainfall and deteriora­

tion of plant cover in the catchment areas of maya'as had 

cautO ti3 F )ubStitUtion of perenriial grasses by annuals 

[Aad thi t!Vej tal ii.tilirg up of maya Iras 

The hypothesis of the present intervention (carried 
out in May 1984) is that by improving the slope of the 

.saggyat w.ter will flow Lnto the maya'as during the 

anr iUil flood of hie river. To a,,Lhieve this purpose lines 

of levels werR run through the beds of selected saggayat 

to 	 the far edge of the maya , s. This was to determine the 

relative hei:Lt bctweer, 11e 1ank of the river and the bed 

of the maya'as, Tacheometry was also employed to find 

the height of the r .ver bed relative to level of the 

saggayat at the h.: of the river, It should be mentioned 

that the leve-Is of various points related to the mean Sea 

level, due to the lack of iertical control points on that 

area. Instead an arbitrary ?: tum was used, 

Two mayalas were tackled, l Abyad (in which the above 

procedure was followed) a1d 31 Seaii (in which an 

artifical charnel was excavated from the nearest point 

on the river bank to the maya'a (Figoll). The scale used 

was feet and riot meters. 
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Once one of the most productive maya'a in the park. 

the junctionAcAbyad 	 is located about 30 Rm sou th of 

el ,iL I)irder (on the e,:tern bank)
of Kior (,i u Iiv er 

rt survueyed. An 
, - -:Y )00 -. v, re 

ft was cho sen for the first n 100Sr titraiy o 


named this naggal "Khor
 
point on the north -, r ai (ve 

Wr: n; used for the southern 
n Th .v-rw 1,i U 


n r), The di±ffer n ee in heigOht betv een the
 
Khon ]'i 


ayat found be 3.29 ft. 
roint'3n-tartig OC these 5aab was to 

were drawn (lips. 12, 13 and 14)Lonitudinal profiles 
,irghuni.
 

Th. 'ollowlnO,, tWlI comyares Khor Beahir to K.or 

Table 8
 

-
 FapproxFSLe± th ]jatumh-T TT]hr 
nTt ,River edge of slope 2neal­

ine • lOlM1 bed rbynL "u 
of level; 


00 
)hor '-d00 ft 100,O00 94.01 101.426 lin 1100 910 

° 
75 00 
,.00 f't 103o290 96,763 102.255 !Wn 550 

khors 	drining the maya a were 
Furthermore, the two 

dora palm anu earth brriers. The barriers 
blocked using 


T?vel of water in the
 
were constructel to rjie the 

water would cover the whole undulatirg bed 
m_.ya'a so that 

- time in the hshallow edgesc an to iner-Onc e the reM'. 


of the ruyala.
 

dry maya'a v,hich waos once renov.,ned for the lartge 

the African Hunting Dog lies about 
nurber of packo of 

system 	w z,ol _,nloyed nere because all (ai) The metric 
equipment used was ca:librated in 

feet.
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3 km south of El Abyad (on the western bank of River
 
Dinder) Due t.., the lexwth of 
 the ',',i and thje

liil. r! tnL'.- VA iV"j tile a-inew
IkLe to VvQ, te , i, a saL7gai 
wo cxcXC \ .i i: a u r [ .le hovte:t ;:j f L t. een the ubaya'a
and the - , '.h ]. Vf'Gb of thi i chiair.el (ihor Gon ) 
iS 600 f t witil L. .i , V ± 1(1 400, 

An orb( d of.' f otn .10 ft wLui choUen for the
 
'iro t poilt 't lit hard 
 of the rlver. 

The datum for the river bed 100.910 ft.
 
The datum fox, 
 the last point . 00.12 ft.
 
Apr[iroximate lex (th 
 102.495 ft. 

A lornitudinal profile is shown in Fig.13. It should 
be mentioned that the line or level vyas not run up to the 
far edge of the maya'o, 

IL'cvat-ion wVJI. CLrried out by a motor grader and a
 
tractor, coatrolied by valueo read 
on the staff at the
 
!oe'itions of the 3eg,at iflnt-rVl of 100 ft along 
 the 
sicP, Th IeLAt 20 ft. (near th, 'Ibank) were ug manually. 

1''1"1 :Y' JLa- ,, sc! de , ::,-z -i1j' cf water l vel in the 
tao i.y cu tic, i Gf r-oyI ical b lane,e1:la ji lo 

identa fi cu t i of plion(er i c and recedes
:1n, p:cies the 

tov,. rdo the c ,ritre of the v:..I,'a :a 
 ( the last two parameters
will be -tujLed by a esT.. iti cin t from the .3o tany 
DeTartrneni, vt rvrsity ur hhi' rtoAm, who has already 
started hlu field v.,:,in the vark)., 

In concl ustion we must oitre:3 tho t we have carried out
 
the above intervention 
 in i-,,Iite of *]urappreciation of 
basic principle2 of manngm, rlated to National Parks. 
Our juetaIfication in atw,,.i,, to preserve the natural 
cycl- (and i.t may b,. mzl .Indweod) of dryijg up of maya'a
is that vi thiu t revi taliz ng tje rr:ya'a we will lose the 
park. 

http:chiair.el


Fig.17 LONGITUDINL PROFILE OF MAYA.AT EL ABYAD 

AND KHOR BESHIR 
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0911, _ Fig.13 LONGITUDINAL PROFILE AND KHOR GONI 

AT EL SEMAIA 
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We intend, if the intervention is successful, to 

write up a rdetail]d prol-osol to otudy the hydrological 

setup of t 7e0 or .3o mflortant Mbya 'as in-;iciP and 

e enough r1oourcesoutside Tu , ttet:t to rai 

more° The reason of
to mak e tLhorm a v7. Ole !, tdtit oieL 

,rcXu , i:'r ::.TyI,(., ,, cLbounclt ries of the park is 

it be to stop
.- t Vie & ctrnvince1 thot vould impossible 


if the
-esi0'3O2 lqa 0nd illegal gruzir4, inside the park 

carr.yao!, cupacity of rangeliAnds around the park is not 

2lr' o' e d. 

1feU t'Z: 

interventionAs for the reaction of the system to the 

at L Abyad and Semaia there seems to be none. It must 

that 1984 was an exceptional unprec­be emphasized however 


well as bein a record year
odented year for drought as 


for lov. discharge values of the tributories of the Nile.
 

The volume of discharge of River 	Dinder during the said
 
3 of waater. The flow
flood season was iiear 0.6 x 109 

(from bankdid :ot even "wet" the whole bed of the river 


The .,.r avated feeder cniaiels we found to be
 
to . , 

still A.:i good condition in June L985. We are hoing that 

the tywo maya'ao will be filled during the 1985 flood
 

the present abov.-ajerage
season-. Available reports n 


in the park have been
flood indicate tli't mar ayalas 


filled to capa::city.
already 

It would be iz.-n-t!esting to follow patterns of 

succession and colonization of various taxa as well as
 

the degree of se by ungulates, during tile next dry
 

Project has to end
 season. It is a pity that the ETLA 


now .
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SUMIA RY
 

The Dinder National rarc is the only area, out of 

the seven choapen j th0 LTrIA /1 1-,3 pro ect, to .3tudy 

indicators of chary eL tlhat has received some forII of 

protectioi of its livi.ian rHaoUr'-S and their habitats. 

FurthHrmore the histoo.y of the aJres is relatively well 

known. Dander Is the La rPest National Fark in the 

country and the oldest in the Nortnern Sudan. It is 

world famous for reedbucli and birds of prey0 Like many 

parts of the Sudan it has incrisixly been subjected 

to pressures from human activities, e-specially after 

the droughts of the carly 1970s, 

The vegetation of the Park evolved under fire 

conditioris The dominant trees ,Lve resiotant enough 

to firs to cope with annual burnin& However, there 

seems to be an increase in annual'grasses at the 

exp,.nse of perennials, Repeated burning seems to have 

also affected the riverine forests and the maya'as. 

Some of thi wildlife specie:; that have been recorded 

in the first half of the century have now completely 

disappeared. The total L1[m.ss of wildlife has generally 

decreasod in the past tea yoasro. 

The preceding sections pointed out in very general 

terms the trends t< ards increase in human settlements 

and in conmercia~ .. ation of agricultural and forestry 

production. The emergence of urban centres and a 

merchant clas. created the ul-,:e for expansion in order 

to ,.,e the sur.luses ,nnerft,( in trade for further 

profits-realization. Thus, there is a process of 

expansion in mecCL~inized faraing and charcoal production. 

On the other hand even the snall traditional producers 

started to i.ncrea;e the area under cultivation due to 

cozmercialization of pro duction, increase in sedentarization 
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and use of tractors. This competition over land use is 

increasir.
 

th ,Thus there are more infrinements into Park's 

area. hec,use of 8hrinkafe in graziriE land, nomads are 

into the Dindruer N'ational Park. Mechanizedled to crr 

f'rming, human Be ttlint; and poachji ±, activities around 

,he Fark alo increa.edc sonidmir.bly, This poses a great 

thr,,t to the lark ind its wildlife. The resolution of 

anta rmind through the politicalsuch conrtictB will he 


:trur ;le at the nL,anctlOr.Wl leVAls.
rtionb, 

We bell eve that ,,hu't La sven ac hieved through this 

project hUiaiht- the :.Lkjor problems threatenirl the 

existence of the Dindar Na tio-nal lFark. We have also 

modifi cation to the maya'aintervened throungh simple 

recharge systems. We have oucceeded "nd failed in other 

ir.sta n ca due to ci. c:umltnceo bMyond our control. There 

is an urgent need to ex>:tend thi ,ruject to provide more 

Oe nley. re:nul t, thruch an ,l.n-hborate monitoring and 

intvVention system. 

http:anctlOr.Wl
http:increa.ed
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