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SUMMARY .

This report describes a wet =zeason aerial surver of livestock
populations, human habitation and environmental conditions aver some
81.208 scquare Kilometers of the ®Gourma Region of Mali in the West
African Sahel Zone. The survey was carried out during August and
September 17384, using the technique of low level <sv¥stematic
reconnaissance flights and oblique photography. with experienced

observers who were familiar with local conditicons.

Results are presented in the form of computer drawn distribution maps.
accompanied by a ‘series of tables which provide estimates of total
population abundance, with stratified <cub-population ectimatss by
Administrative Reqion and Department, Rainfall Zone, Ecological Region

and degree of Pastoral Pressure.

The region supported an estimated 1.14 million head of sheep and
goats, 462,808 cattle, 8,788 camels and 4.560 donkevs. at stocking
rates of 7, 18, 9?48 and {,588 hectares per head, respectivelv. All
livestock populations were much more widely dispersed in the wet
season, and occurred in substantially greater numbers than found in
previous dry season survevys - <sheep and goat population estimates
aimost doubled in size, and cattle estimates increased bv almost a
third. The combined wet season livestock populations were eguivalent
to come 454,888 Tropical Livestock Units, of which cattlie contributed

some 72¥%, with sheep and goats making up a further 25%.

Human habitation in the region amounted to an estimated total of =come
45,084 dwellings. Six distinct tvpese of human habitation were
recognised from the air., Those of the Zonrai stvle were most zbundant,
representing 384 of the total: the next most common being the Peuhi

{Fulani = FulBei and Tamashek <Tocuareq) =stvies, each of which

w

accounted for 17 - 28¥: 4ollowed by the Bellz, Dooon and Maure ig&rab:

ztwvles, which represented 15, S and 3¥, recpectivelw,
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WET SEASON DISTRIBUTION AND ABUMDANCE OF LIVESTOCK POPULATIONS

AND HUMAN HaBITATION IM THE GOURMA REGION OF MALI

1 INTRODUCTION.

The Gourma region of the Republic of Mali <Fiqures ! and 2) was
selected by the International Livestock Centre for Africa as a
demonstration site for rapid multidisciplinary ascessment of pastoral
conditions in a representative region of the West African Szhel. The
findings of that study were described in a series of documents edited
by Cisse {1983). Amongst those papers Milligan {(1783) presernted the
preliminary results of two TJow lewel aerial surveve of the region
carried out by the ILCA Aerial Survev Unit in the early and late dry
season - January and March 1983. A follow up aerial survev was
planned. for the subsequent wet season, but because af technical

problems with the aircraft this had to be postponed until 1984,

This report presents the results of that wet season aerial survev,
which took place during the last two weeks of Auqust and the first
week of September 1984. A characteristic of the Sahelian climate is
its wvariability, and it must therefore be emphasised that although
August and September would normally coincide with the height af the
rains, the 1984 wet season was exceptionally late in starting and iow
in rainfall. Thus, the extreme northern and eastern recions af the
survey zone had received little or no rainfall at the time of the
survey, while in more <coutherly and westerly recions the wet zeacaon

wae less advanced than cotherwise might have besn expectaed.

31,288 square Kilometers, lving between Tatitudes 14 - 17 Morth and

1

tongitudes 3 WWest - 1 East. To the north

a
boundaries were provided by the Miger River, and in the couth &v the
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international border with BurkKina Fasoc {(formerlv Upper Yolta), The
zone forms part of the Fifth, Sixth and Seventh Administrative Fegions

of north-eastern Mali {Figure 12,

The renqion is sparsely inhabited., with little cultivation. There are
only four towns of anv significant size in the region: Tombouctou to
the north-west; Gao in the east; Douentza in the west: and Hombori in
a south-central position. A single major tarmac road links Gao,

Hombori and Douentza and continues further westward to Mopti.

The terrain is relatively +lat to ogently undulating, except for a
mountainous zone in the =zouth-west, between Douentza and Hombeori,
which was not surveved. A rainfall aradient exists across the region
with mean annual rainfall being in the order of 158 mm in the rnorth

east, increasing to 488 mm in the extreme south-west (Ficure 2.



2 METHODS.

2.1 Fiight and Sampling Procedure.

The aerial survey was conducted +rom three baces: Gag, Mopti and
Tombouctou, using the same technique of low level =vszismatic
reconnaiszance filights wused in the the dry¥ <ceason aerial survevs
{Milligan, 1983). More detailed descriptions of the methodologv are

given by Norton-Griffiths {1978) and Milligan and de Leeuw (19831,

Escsentially the reqgion was evenly covered bv a reqular series of 44
flight 1lines 5 nautical miles apart (5 of latitude, equivalent
approximately to 9.83 Kilometers). Each flight line was divided into
sectors 5 nautical miles in 1lenagth, to create =z scampling orid
containing a total of 992 35'x5° «cells, each of which occupied

approximately 82 square Kilometers {(Figure 3).

With the aid of externally mounted viewing frames the two experienced
back-seat observers recorded the tyvpe, and estimated the number, of
all forms of livestock and human habitation falling within defined
around strips on each side of the aircraft, Whenever possible a 35 mm
colour <lide photograph was taken of each herd, +lock. camp or
settlement, containing more than 18 components, using a hand-held
camera loaded with 288 ASA film and fitted with a 2088 mm telephoto
lens. Subsequently, accurate photo-count values were substituted for
visual estimates. and vused to determine lewels of cheserver biaz, in
order to correct those estimates for which no adequate photographic

coverage wWas available.

At a2 designated fiving altitude of 898 feet above ground lewel the

cample strip width on each side of the aircraft was zet to be

£
LM
D

meters, Howeyer, as determined by reguiar radar aitimeter
measurements, the average fiving altitude for the whole survey was Si6

feet, which gave an cverall sampling intensity of 7.98%.



Informaticn Collection.,

Cattle.

however

and

thes

2.2.1 Livestock Populations.

camels and donkevs could easily be identified from the air:

it was not alwavs possible to distinguish sheep from goats,

—

e cmall stock were therefore combined under the singie

cateqory “"shoats”,

Seven

basis

2.2.2 Human Habitation.

tvpes of human habitation were recoanised from the air on the

of

their general structure, shape, colour, material and method

ot construction:

"Bel

la Stvle®: Relatively small circular structures of

grass/straw matting laid over wooden framework.

"Maure f{Arab) Style": Tents usually white or grav in colour,

similar in qeneral shape to those of the Touareg, but made
of cloth, with only a central supporting pole and no lateral
poles.

"Peuhl ({Fulani = FulBe) Stvle": Larger circular structures

of grass/straw laid over wcoden framework.

"Sonrai  Style": Owal structures made of grass/straw matting

laid over a wooden framework, frequently with a dark/black

tongitudinal stripe.

"Tamashek (Touareq? Style": Tents wusuallv red in colour.

made of a patchwork of hides, with both central and Tzterad

supparting ooles.
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In addition to these five distinctive stvles of temporary hzbitation,
two much more permanent forms of construction were distinguished: the
well-dispersed, rectangular. flat-roofed, mud-block structures cn the
banks of the Miger River, considered to be tvpical of zettled Sonrai:
and the small, densely packed, rectanguiar, flat-roofed dwellinge of
the Dogon people, generally associated with the mountaincus regions to

the south-west.

2.2.3 Envirocnmental Conditions.

In addition to the information collected by the two back-seat
observers, the navigating front-seat observer was rezpensible for

assessing and recording ogeneral environmental conditions within each

grid cell, including:

Cultivation: the percentage of land within the cultivation

cvcle:

Vegetation Types: the relative proportions of each of four

major vegetation types: Dense Savanna Woodland: Light
Savanna Woodland: Scrub/Bushland: and Grassland:

Grass Covery the proportion of ground covered by orass;

Greenness: the overall level of agreenness of vegetation an
a five point scale: 8 = No Indication of Greenery: ! = Trace
ot Greenery: 2 = Patchy Green Flush; 2 = General Green

Flush: 4 = Dense and Widespread Greenery.

Water @wailabilitw in terms of the wisitle presence or

absence of surface water, standing pocls, lakes, streams, or
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2.3 Data &nalyeis _and Presentation.

After photo-interpretstion, and correction for individual cobserwver
bias, the datz collected by each observer was merged and coded for
each arid cell, together with additional cartographic information

extracted +from published maps. This data-base was then subjescted fo 2
series of wvalidatory statistical tests and the nececssary corrections
made oprior to more detailed analysis and population ecstimation con &
Uax 11-758 computer. Three closely related, but distinct, software

packages were used concurrently for handling data files and analvsis:

A purpose built proaramme for population estimation uszing
the Ratio Method of Jolly (1%249) incorporating additional

statistical facilities:

The Minitab £1922) sof tware package for staticstical

summaries and tabulations:

The Mapics (1984) data handling and graphics svstem for data

manipulation, selection and mapping facilities.

Distribution maps were produced using a proportional symbolism form of
point mapping on a HP 7221 flat-bed plotter.
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3 RESULTS.

The results of the wet season asrizal zurvev of the Gourma region of
Mali are presented in =z seriec of fiqures and tables which indicate
the ogeneral distribution pattern and overall lewel of abundance of
each of the parameters recorded. Additional tables provide stratified
estimates of livestock populations and human habitaticn on a regional

basis.

3.1 Livecstock Populations.

The distribution and overall lewels of abundance of livestock
populations during the Auqust/September period of the 1784 wet season
are shown in Figures 4-8 and Table 1. Other than a few =mall antelope
lTittie wildlife was seen. None of the elephants, prewviouslv obseryed
in the wvicinity of the Jlake at Gossi during the dry ceason survev,

were encountered.

In numerical terms sheep and goats were bwv far the most abundant
lTivestock, with a combined population of 1.14 millicn, followed by
some 443 thousand head of cattie; 8,780 camels, and 5,488 donkevs.
Overall livestock densities were 148 sheep and goats, 57 cattie, i
camel and 1 donkey for each 18 =zquare Kilometers: reprecenting
stocking rates of: 7: 18: 939; and 1,497 hectares, respectively.
However, in terms of Tropical Livestock Units* a total of 454,008 were
estimated, of which cattle represented some 72% of the livestaock
biomazs, compared with: only 25% for cheep and goats; 2¥ for camels:

and 8.4% for donkevs,

The wet sceason distribution of cattle is zhown in Figure 4, Cattie
were widespread and relatively abundant over much of the suruvey area

except in an extensive broad belt iving immediatelv to the south of

the Niger river. 3Sheep and ogoats (Figure 35 were also common and

showed 2 ver¥ similar widespread distribution, except in the Sroad
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band to the neorth and east bordering the Niger Riwer. In cantrast,
and thinly

re
distribution over the Gourma, with virtually no camels being found in

n

Camels <«Figure &) and DonKevs <(Figure 73 were ra

m

the south western portion., or south of lTatitude 15 M. Figure & i
compasite map of livestock distribution in terms of Tropical Livestock

Unites.

The broad tract of land adjoining the Niger River to the north and
north-east of the <survev zone, in which so few livectock were found,
form the northern part of Gourma Rharcs Administrative Department and
the western parts of Bourem, Gaoc and Ansango,. all of which. at the
time of the survey. had received little or no rainfall. &s can be zeen
in Figures 16, 17 and 23, these regions correspond with areas of very

low grase cover, zerc green biomass and an absence of water,

Tables 2-3 provide further stratifications of livestock population
estimates, broken down into Administrative Departments, rainfall zzne,
ecological region, and dearee of pastoral pressure, respectivelv, The
stratification boundaries used were derived from maps prezented in
Hiernaux and Cisse, (1983 and Wilson et al., (1983). (This paraaraph

to be expanded.?

2.2 Human Habitation.

The distribution and owerall levels of abundance of human habita*ion
during the August/September period of the 1984 wet season are shown in
Figures 9-14 and Table 4.

The most abundant form of human habitation was the 24,380 dweliings of

the Sonrai tvpe, accounting for some 38% of all dwelling z2nits: the
next most common were the Peuhl (Fulani = FulBe) and Tamazhsk
tTouareg) twpes, each of which amounted to some 12-13,868 dwe Tings,

or  19-28% of the total: followed by Bella, Dogon and Maurs twpe

dwellings representing 13¥, 5% and 3¥, respectively of 211 human
habitation. The mean =ize of settiement ranged from I8 duwellings of

Dogen  Stwle: 22 for Sonrai Stvle; 18 for Peuh! (Fulani = F
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- & for Tamashek (Touareg), Bella and Maure {Arabr Strle camps.

As indicated in Fiqure 9, Beila Stvle dwellings were scattered at lcw
density owver much of the reqion, but in particulzar appeared to be more
generally associated with the south-east and north-west. Dogon Sivie
dwellings <(Figqure 18) were found only in the south-west of the survev
region. Maure {Arab) Stvle dwellings <Figure 11 were found scatterszd
at low density over a wide north-central area of the Gourma recion.
Peuhl <(Fulani = FulBe) Stvle dwellings <«Figure 12) were largely
confined to the western and particularly the couth-western portions of
the survey zone. Sonrai Style habitation <(Figure 13} is almost
exclusivelv confined to a narrow band on alcong the Niger River,
Tamasheq <Touareg) stvle {(Figure 14) dwellings are widelv distributed

over the north-central reqgion of the the Gourma.

Tables 7-18 provide further stratificatione of human habitation
estimates, broken down into administrative area, rainfall zone.
ecological region and degree of pastoral pressure, respectivelwv., The
stratification boundaries used were derived <from maps precented in

Hiernaux and Cisse, (1783) and Wilson et al., {1%923). {This=—paragraph

te be expanded.?

3.3 Environmental Cenditicns.

Cultivation, as <chown in Figure 15, ic ceneraliv sparse or absent,
Cultivated 1land is concentrated in the scuth-west where rainfall is
highest: along the seascnally flooded banks of the Niger River: and in
the intermittently inundated 1lakeland areas to the north-wect of the

survey region.

Percentage Grass Cover and the gensral Greenness of ‘Jecetation zrz

shown in Figure 14 and 17. Levels are generally wery low, oiven the

[»]

time of wear at which the szurvev took place.This reflectz thz late

ztart to the wet season and the iimited amount of rain that had

Q3
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Fiqures 18, 19, 28 and 21, recpectively, show the distribution of the
four major 'Jegetation Types recoanised from the zir: Dense Savanna
Woodland: Light Savanna Woodland: Scrub/Bushland: and Grassland: in
terms of the oproportion of 1land occupied by each ‘categorv. Mot
surprisingly the distribution patterns reflect thoce of rainfall, with
the Denser Savanna Woodland concentrated in the south-west: the
Lighter Savanna Woodland reaching +urther north and sast: and the
Scrub/Bushland, together with Grassland, predominating to the north,
north-east and east. The extensive grasslands on the fossilized dunes

to the north and west of Hombori are also evident.

A composite WVegetation Density Index map, based on the summated
weighted proportions of each of the maijor wvegetation tvpes, s
presented in Figure 22 and clearly illustrates the declining density
of weqetation from south-west to north-east, in line with the rainfall
gradient. The weights used were 1.5 for Dense Savanna ldoodland: 1.6
for Light Savanna Woodland: 8.5 for Scrubsbushland: and 8 for

Grassland.

Finally, Figure 23 indicates the wet season Availability of Water in
the Gourma region in terms of its visible presence or absence from the
air, either as surface flooding, =tanding pools, lakes, streams or
rivers. In more southerly regions water is widely available. but the
limited nor thward penetration and patchy nature of rainfall
distribution in the 1984 wet season is clearly reflected in the
absence of wvisible water in the northern and north-eastern reqians,
neighbouring the Niger River.
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4 DISCUSSION.

The aerial survev described in this report is the third to be carried
out by the International Livestock Centre for Africa over some 31,268
square Kilcometers of the Gourma region in the Malian Sahel, The
distribution patterns and population estimates represent the situation
during the Auqust/September period of the 1784 wet zeacon., which was

late in starting and low in rainfall,

The two previous surveyvs were conducted during January and March 1923,
corresponding to the early and late dry season respectively (Milligan,
1983%), The former constituted an exploratory low intencity sample
survey of 4.5%, while in both the 1late dry season and wet cezson
survevs twice as many flight lines were fiown, which provided a %%

sample intensity,

In passing it is perhaps worth pointing out that there ic no inherent
reason why different intensities of sampling using the zame technigue
should be anv more or less accurate. However the larger the sample
size, or the more flight lines flown, the more precise the estimates
should be. With thie proviso, Table 11 provides a comparison of the
livestock population estimates +from the three aerial survevs of the
Gourma region.

Total cattle population estimates ranged from 357,888 in the lzte dry
season, to 463,888 in the wet season., with the early drv ceason
representing an intermediate lewel of szome 397,88@8. Equivzlent
estimates for the number of cattle herds were 11,188, 7,788 and
18,8868, A substantial <ceasonal movement of cattle to and from the
Gourma reqion is therefore indicated, with a 36¥ increase from the
late 1982 drv season to the middle of the 1924 wet zeason. Thisz is
reflected in the overall distribution of cattle which, as expected
were tar more widelv dispersed in the wet seaso

n
concentration alomng the banks of the Miger river. & the drv seascn
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advanced. the mean size of cattle herds increased from 36 to 44. but

no difference was found between the late dry and wet season survevse,

Small <stock also showed a substantial seasonal increase in ocverall
number. The wet season sheep and qoat population, of 1.14 million head
in 12,80@ herds, being almost twice that estimated in the *wo drv
feason surveys: 383,888 in 11,486 flocKs: and 581,809 in 2,280 flccks
fearly and late respectively). The wet season dicstribution of sheep
and goats was far more widely dispersed than in the drv season, with
less concentration along the banks of the Niger river. The mean size
of sheep and goat flocks showed a progressive increase over the three
surveys: from 351 in the early dry season; to 71 in the late dry
seascn: to 93 in the wet season.

While remaining comparatively Jlow in total population <csize and
density, both camels and donkeys showed a seasonal increase in number,
and a wider wet season distribution. Total camel estimates ranged from
4,888 in the late dry season, to 8,788 in the wet season (representing
an 80 increase?, with the early dry season representing an
intermediate level of some 7,388. The largest number of donkeys
(7,188) was estimated for the early dry season: by the late drv season
this had fallen to 4,988; but by the wet season the number had
increased by 11¥% to 5,488. The mean group size for both camels and

donkevs did not change appreciably with season: 3-4 for camels, and

4=7 for donkevs.

In terms of Tropical Livestock Units fafter Jahnke, 1982) the Gourma
region supported an estimated 347,488 TLU in the early dry season;
313,808 TLU in the late dry season; and come 454,808 TLU in *the wet

season. There was thus a 42% increase between the late drv and wet

[

eason survevs, with density walues ranging from 3.8 fto 5.5 TLU per
square Kilometers, and equivalent stocking rates varving from 24 to 19
hectares per TLU.
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TABLE 1 : WET SEASON LIVESTOCK POPULATIONS IN THE GOURMA REGION OF MaL1I.

CATTLE SHEEP/GDATS CAMELS DONKEYS TLU

No. Animals ¥ S. E.» 462,8a1 (13 1,138,437 (16> 85,857 (17 3,432 (15) 453,787 (&0

As ¥ Total TLU 72.1 25.3 1.7 8.4 7.9
Stocking Rate ha/hd 18 ? ?37 1,497 17.9
Densitvy <18 =q. km. 36.9 149.4 1.1 8.7 35.8
No. Herds ¥ S. E.) 16,866 (5 11,738 45 2,826 (9 248 (11>

Herd Density /18 sq. km. g.1 1.4 4,2 4.1

Mean Herd Size 44.8 95,4 4.3 6.3

Notes: A11 fiqures are csubject to roundin
factors: Camels = 1 TLU:; Cattle = 8.7 TLU: Donkew
1982).

te. TLU conversion based on following
= 8.3 TLU: Sheep/Goats = 8.1 TLU (Jahnke.
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TABLE 2 : WET SEASON LIVESTOCK POPULATIONS BY ADMINISTRATIVE REGION AND DEP&RTMENT*.

AREA CATTLE SHOATS DONKEYS CAMELS TLU

FIFTH REGIDN 19,814 134,456 (13) 284,233 (i1 713 (37 113 51 39,223 (183
81.2 156.3 a.4 8.1 73.2

Koro 4,917 48,195 (26 85,155 (25 23 (93 11 {95 37.473 19
81.7 173.2 a.5 5.82 76.2

Douentza 14,0897 114,260 (13> 201,879 {15 444 (37> a2 (36> 161,748 (12
31.1 142.4 8.3 3.87 72.2

SIXTH REGION 43,486 243,728 (9 818,839 (13) 3,587 (21» 5,938 (14 247,327 3
58.4 157.9 8.8 1.3 58.8

Gourma-Rharos 44,583 248,248 (%) 780,238 <13 3,587 (21> 35,896 (143 261,723 (%)
58.4 157.1 6.8 ) 1.3 38.7

Niafunke 328 2,976 {18) 4,584 (8) a 34 (48) 2,493 (150
’ 98.8 137.4 a4 1.0 74,1

Timbouctou 374 2,512 (65 13,2835 (48> 4 a 3.118 754
43.8 231.6 A @ 54.2

SEVENTH REGION 16,861 42,617 (15> 134,146 (18> 1,132 (29 2,414 (3% 47,238 (12}
23.4 77.9 a.7 1.4 28.1

Bourem 3.832 7,141 (42 3,272 (311 B 34 07 3,824 (3&)
23.5 27.2 4 a.1 19.2

Gao 4,311 12,439 (3% 42,788 35 475 (&4 A58 £3%0 13,983 024
12.7 7.7 g.2 1.4 22.1

Ansango 7,428 23,017 (32 93,186 (24 436 (31 1,924 (58 27.44% 1283
38.7 111.5 8.7 2.4 34.8

Notes: Upper fiqures of triads are population estimates, together with percentage standard
errors in parenthesics: Jlower fiqure is density per 18 square Kilometers. A1l figures are
subject to founding effects. TLU conversion based on following factors: Camels = 1 TLU; Cattle
= @.7 TLY; Donkevs = 8.5 TLU; Sheep/Goats = A.1 TLU {Jahnke, 1982).

# See Map 1, after: Wilson et al., 1932,
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TABLE 3 : WET SEASON LIVESTOCK POPULATIONS BY RAINFALL ZONE*.

AREA CATTLE SHOATS DONKEYS CAMELS TLY
Sahara Sahel 7,848 16,773 <32 19,939 (45) 182 <&1) 192 (35 9,713 138)
1586 - 288 mm 15.3 28.3 a.1 8.3 13.8
Northern Sahel 31,842 137,119 14> 513,339 (1é&) 3,137 {24) 4,88% (18 154,522 {13
2808 - 368 mm 44.1 145.3 1.8 1.4 49.7
Central Sahel 23,830 149,559 (13> 244,237 11> 1,335 (22) 3.418 (29} 138,945 (112
380 - 408 mm 41.8 115.46 8.8 1.3 36.7
Southern Sahel 11,228 115,688 (14 288,714 (14) 589 (33 147 (45) 182,488 (12>
488 - 588 mm 183.0 178.8 8.3 8.1 1.3
Sudan Sahel 2,114 33,933 (38) 184,887 (202 272 (73 11 (97 49,315 (23}
5668 - 488 mm » 6.3 128.3 8.3 a.81 50.8
Sudan 2328 4,738 (45 34,119 (54 37 (89 8 5,784 47>
»688 mm S7.7 416.3 8.7 8 82.8

Notes: Upper figures of triads are population estimates, together with percentage standard
errors in  parenthesis: lower figure s density per 18 square Kilometers. All figures are
subject to rounding =ffects. TLU convercion based on following factors: Camels = 1 TLU; Cattle
= §.7 TLU: Donkevs = @.5 TLU; Sheep/Goats = #.1 TLU {Jahnks, 1982).

# See map 2. after: Hiernaux and Cisse, 1983,
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TABLE 4 : WET SEASON LIVESTOCK POPULATIONS BY ECOLOGICAL REGION#,

AREA CATTLE SHOATS DOMKEYS CAMELS TLU

North-east Dunes 4,999 8,827 (33 12,889 (2&) 23 (94 272 (49} 7,734 124
177 25.8 8.a5 B.3 18.5

Edjerew 7,376 19,724 28) 149,449 (235 215 (54) 724 {39 38,223 28)
28.7 282.9 1.1 1.a 41.8

Assalwa North 17,539 71,766 19 211,467 (122 1,396 (363 2,784 (242 73,448 (13
48.9 128.4 8.? 1.6 43.8

Assalwa South 4,884 34,211 (32) 45,738 (16 589 (48) 894 (27) 32,672 (253}
38.7 #3.5 8.7 1.3 47.5

Bodra 8,196 57,317 (231 169,708 26) 317(47) 792 (23 52,547 (18
69.9 133.9 8.4 1.8 é4.1

Gourma Lakes 2,377 28,844 (38) 185,524 (33 136 (83) 351 45 30,374 (33
118.1 443.9 8.4 1.5 127.8

Gourma Mountaine 9,015 111,714 (15 178,955 (13 294 (39) 34 (72 97,371 (12
123.9 178.5 8.2 8.24 188.8

Lower Gourma 14,998 73,163 (14> 176,322 (15 1,349 (24) 2,784 (34> 74,416 (12)
58.1 117.7 8.9 1.7 42.4

Mondoro 2,848 19,558 <3a) 28,822 (327 79 (73 11 (%4 18,453 ©28)
34.8 108.4 2.3 2.84 37.1

Seno Mango 7,848 44,824 (247 ?9,133 (23 294 «38) 11 (9382 42,384 (18)
43.6 149.7 8.4 2,82 8.8

Motecs Upper figures of triads are population estimates, together with percentage ztandard

errors in  parenthesis; lower fiqure s densitvy per 1@ square Kilometers, A&ll figures are

subject t2 ~ounding effects. TLU conversion based aon following factorz: Camels = 1 TLU: Cattle

= @.7 TLU; Donkevs = 9,5 TLU: Sheep-Goats = @.1 TLU {Jahnke, 1982).

See map 2, after: Hiernaux and Cisse, 1733.
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TABLE 3 : WET SEASON LIVESTOCK POPULATIONS BY DEGREE OF PASTORAL PRESSURE:.

AREA CATTLE SHOATS DONKEYS CAMELS TLU

Intense 37,708 239,199 (9) 591,459 (12) 2,954 (192 2,433 (18) 246,483 (8)
3.8 136.9 8.8 a.4 45.4

Average 19,342 76,4656 (19) 246,349 <13 883 (37) 3,259 (310 82,386 (142
39.4 127, 8.4 1.7 42.6

Weak 7,868 27,102 (25) 84,928 (23) 334 (31> 724 (38> 29,583 (23
34.4 110.5 8.7 3.9 37.5

Very Weak 16,145 98,814 (18> 188,874 (12) 1,128 (33 2,218 (19 91,271 (13
1.2 111.5 8.7 1.4 36.5

Motes: Upper figures of triads are population estimates, together with percentage standard
errors in parenthesis; Tlower figure is density per 10 square Kilometers, All fiqures are
subject to rounding effects. TLU conversion based on following factors: Camels = | TLU; Cattle
= 8.7 TLU; Donkeys = 8.5 TLU; Sheep/Goats = 8.1 TLU (Jahnke, 1982).

* After: Hiernaux and Cisse, 1983.



Dwellings Units Settlements /Camps Mean Size
Bella Style fum ) ettt 3,419 (24) 271 £19) 3.9
Dagon Stvie (A 3,449 (52) 245 0310 37,9
Maure (Arab) Stvle 2,286 124} 419 (19 5.5
Peuh! {(Fulani? Stvle now| 12,889 (197 1,335 (15 7.7
Sonrai Styvle pr|Aoke V24,296 (30) 1,199 (14) 26.3
Tamashek (Tcuareg) Stvle Nmwed 12,312 ©8) 2,433 (32 S.¢
TOTAL 44,450 5,506 3.3

D
"
w

ts are percentage standard errors,



TABLE 7 :

WET SEASON HUMaN H&BITATION By ADMINISTRATIVE REGION AND DEPARTMEMT#,

AREA BELLA DOGON MALRE PEUHL SONRAI TAMASHER
FIFTH REGION 19,814 11 (95) 9,449 (5@» 57 (&8 1@,471 (17D a 792 (37
8.06 49,7 a.3 5é.1 il 4.2
Koro 4,917 ] 4,397 (49 23 (9% 3,327 (31 a @
8 28.s 8.5 46,7 4 ]
Douentza 14,897 11 (982 35,892 (84 34 (98) 7,344 (217 ] 792 (37)
8,08 38,1 3.2 52.1 8 3.6
SIXTH REGION 45,424 1,550 (24) ] 2,218 (24) 2,218 (27)» 3,451 (2%) 18,142 (9
3.4 a 4.9 4.9 7.6 22.3
Gourma-Rharos 44,385 1,448 27 a 2,184 (27 1,811 (24> 2,283 (34> 7,738 19
3.2 @ 4.9 4, 5.1 22.3
Miafunke 228 37 (472 8 a 113 ¢48) 8 121 (242
17.3 a ] 34.5 ] 35.2
Timbouctou 374 45 (38> ] 34 (32 294 (99> 1,188 (34> 23 (81»
L @ 5.9 51.3 28, 2.7
SEVENTH REGIONM 14,881 1,854 (35) ] 11 5272 @ 26,843 29y 1,338 22
11.0 8 a.a7 a 124.1 2.1
Ecurem 3.832 2135 (77> a 11 (2% ] 4,838 22% 3
7.1 a a.,4 3 28,1 é
Gao 4,31 374 (46) ] @ ] 11,443 ¢54) AFE 147
6.3 @ o 3 18.2 7.3
Ansango 7,458 1,245 (44> a a a 3,293 ©33) 73z
14.7 8 ] 8 44,2 14,2
Notes: Upper figures of triads are population estimates, together with percentage standar
errors in parenthesis; lower fiqure is density per 188 square Kilometers.

# See map !,

atter: lWilson et al,

(1983).
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TABLE 8 : WET SEASON HUMAN HABITATION BY RAINFALL ZONE=.

AREA BELLA DOGON MALURE PEUHL SONRAI TAMSSHER

Sahara Sahel 7,848 224 079 ] 11 (95) 57 (93) 8,125 {14 79 (68)
158 - 266 mm 3.2 3 8.2 8.8 115.3 1.1
Northern Sahel 231,842 1,482 <3@) 8 1,414 (39> 1,349 (48> 15,254 (48) 7,514 (12)
298 - 389 mm 4.8 8 4.4 4.4 42.1 24, 2
Central Sahel 23,838 1,477 (350 a 411 (48> 479 (38> 917 (53> 3,621 (1
388 - 466 mm 7.4 e 2.6 2.9 4.8 15.7
Southern Sahel 11,228 11 (¥9) 4,357 (94 226 (84) 5,387 2% @ 1,886 (212
480 - S@8 mm 8.1 3R.8 2.9 47.3 2 9.7
Sudan Sahel 3,114 a 2,894 (38 23 (93 4,617 (22 2 11 (968)
588 - 488 mm 8 25.8 8.3 56.9 8 8.1
Sudan 320 8 2,999 (464 a 348 (54) ] 8
¥ 489 mm 3 345.9 a 184.7 a 8
Motes: Upper +figures of triads are population estimates, together with percentage standar

errors in parenthecis; lower figure is density per 188 square Kilometers.

[Ex)

# See map Z, after: Hiernaux and Cisse, 1783.
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TABLE 2 : WET SEASON HUMAN HABITATION BY ECOLOGICAL REGION#%,

AREA BELLA DOGON MAURE PEUHL SONRAI TAMASHEQR

North-east 4,999 554 (58) ] 11 {?4) 8 14,443 (37) 45 (72>
Dunes 11.1 ] 8.2 8 328.9 8.9

Edjerew 7,374 283 (48> [} 34 (%94) 377 (58> 3.859 (23 738 (23
3.8 8 8.5 7.8 52.3 19.3

Assalwa North 17,539 136 (79) ] 1,280 (46) 34 (98 9 5.239 (14
8.8 9 6.8 8.2 8 29.9

Assalwa South 4,884 294 (44) 8 204 (44 543 (33 448 (94) 1,392 <22
4.2 @ 3.0 7.9 2.7 20.2

Bodra 8.194 57 (46) 8 778 (39 79 (48) 8 1.618 (31
8.7 ] 9.4 1.0 ] 19.7

Gourma Lakes 2.377 433 (51 8 11 (1@a8> 815 (22» 8 419 (22
19.0 a 8.5 34.3 ] 17.4

Gourma 2.815 11 (97> 4,379 (94> 34 (97) 5.477 (28 9 344 3P
Mountains 8.1 48.4 2.4 48.8 ] 6.2

Lower Gourma 14.998 1.438 (34) 8 A ] 3.327 (562 2.883 (21)
1.9 8 a a 22.2 13.4

Mondoro 2.848 ] 9 a 521 148> ] 272 (43
] a ] 18.1 a .5

Seno Manqo 7.8483 8 4,878 (41 23 193) 4,243 (24 ] 11 {78
7149 8.3 48.7 ] 8

Notes: Upper fiqures of triads are population estimates, together with percentage standard
errors in parenthesis: lower fiqure is density per 188 square kilometers.

* See map 2, after: Hiernaux and Cisse, 1983,
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Table 18 : WET SEASON HUMAN POPULATION BY DEGREE OF PASTORAL PRESSURE*®.

AREA BELLA DOGON MAURE PEUHL SONRAI TAMASHER
Intense 37,708 2,894 (34) 8,518 (53 996 ©43) 11,856 (19) 24,262 (32) 5,522 (14
3.6 22.4 2.6 29.3 64.4 14.4
Average 19,342 456 (34) 800 (67> 396 (49) 408 (58) 8 2,953 (23
3.4 3.1 2.8 3.1 8 15.3
Weak 7.848 351 (47> 8 8 543 (38) 34 (?6) 292 (21)
4.5 8 8 6.9 6.4 18.1
Verv lWeak 16,145 317 (3% 339 (94> 894 (34) 698 (78) 8 2,784 (14
2.8 2.1 5.5 4.3 8 17.2

Notes: Upper fiqures of triads are population estimates, together with percentage standarc
errors in parenthesis: lower fiqure is density per 188 square Kilometers.

* After: Hiernaux and Cisse., 1983,
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