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PREFACE 

The m u l t i p l e  e f f e c t s  ,of  human a c t i y i t y  on e c o l o g i c a l  systems a r e  t h e  cause o f  
growing concern i n  a l l  c o u n t r i e s .  These systems do n o t  recogn ize  n a t i o n a l  f r o n t i e r s ,  
and i t  has become e v i d e n t  t h a t  t h e  problems r a i s e d  b y  t h e  e f f e c t s  o f  human a c t i v i t y  
have, i n  most cases, a b road  i n t e r n a t i o n a l  d imension. These c o n s i d e r a t i o n s  l e d  Unesco 
i n  1968 t o  o rgan ize  an i n t e r n a t i o n a l  mee t ing  o f  governmental  e x p e r t s  on man's r e l a t i o n s  
w i t h  t h e  b iosphere,  w i t h  a v iew  t o  s t u d y i n g  t h e  s teps  w-hich c o u l d  be taken  a t  t h e  
w o r l d  l e v e l  i n  t h e  f i e l d  o f  r e s e a r c h  and t r a i n i n g .  T h i s ,  i n  turn, r e s u l t e d  i n  t h e  
l a u n c h i n g  o f  t h e  Programme o f  Man and t h e  Biosphere (MAB), w h i c h  was approved b y  t h e  
General  Conference o f  Unesco i n  1970. 

T h i s  Programme has been d i v i d e d  i n t o  t h i r t e e n  m a j o r  i n t e r n a t i o n a l  themes, o r  
p r o j e c t s ,  most o f  wh ich  a r e  concerned 
quences o f  human a c t i v i t i e s  on t h e  ma 
these s t u d i e s  i s  t o  p r o v i d e  t h e  b a s i c  
n a t u r a l  resources.  

To t h i s  end, i n  t h e  f i r s t  phase 

w i t h  i n t e r d i s c i p l i n a r y  s t u d i e s  on t h e  conse- 
o r  ecosystems o f  t h e  w o r l d .  The o b j e c t i v e  o f  
i n f o r m a t i o n  necessary f o r  t h e  r a t i o n a l  use o f  

f t h e  programme snd f o l l o w i n g  recommendations 
o f  t h e  I n t e r n a t i o n a l  C o - o r d i n a t i n g  C o u n c i l  wh ich  superv i ses  t h e  Programme, pane ls  
o f  e x p e r t s  were convened t o  b e t t e r  d e l i m i t  each p r o j e c t ,  t o  d e f i n e  i t s  r e l a t i o n s  
w i t h  o t h e r  p r o j e c t s ,  t o  determine t h e  research  t o  be undertaken, t o  e s t a b l i s h  t h e  
methodology t o  be f o l l o w e d  and t o  u n d e r l i n e  t h e  p r i o r i t i e s  f o r  a c t i o n .  I n t e r n a t i o n a l  
w o r k i n g  groups were subsequent ly  convened f o r  t h e  v a r i o u s  p r o j e c t s ,  f i r s t l y  a t  t h e  
g l o b a l  l e v e l ,  t hen  a t  t h e  r e g i o n a l  l e v e l .  These w o r k i n g  groups focused o n  c o n c r e t e  
p roposa ls  o f  t h e  c o u n t r i e s  concerned f o r  t h e  imp lemen ta t i on  o f  r e a l i s t i c  programmes 
w i t h i n  t h e  framework o f  MAB and conforming t o  i t s  o b j e c t i v e s .  

The o f f i c i a l  r e p o r t s  o f  MAB p u b l i s h e d  t o  d a t e  i n  g reen  cover  fo rm i n  t h e  "MAB 
Repor t  Se r ies "  number some 30 i ssues .  These r e p o r t s  c o n t a i n  t h e  proceedings o f  t h e  
d i f f e r e n t  types o f  meet ings wh ich  have marked t h e  p l a n n i n g  phase o f  t h e  Programme. 
Wh i le  these r e p o r t s  a r e  above a l l  o f  a l o g i s t i c  n a t u r e ,  i t  i s  e v i d e n t  t h a t  t hey  have 
been e s t a b l i s h e d  on t h e  b a s i s  o f  t h e  p r e s e n t  s t a t e  o f  e c o l o g i c a l  knowledge, as des- 
c r i b e d  and summarized i n  i n f o r m a t i o n  documents,prepared by s p e c i a l i s t s  and p r e s e n t e d  
t o  each meet ing.  

I t  has become c l e a r  t h a t  c e r t a i n  o f  these b a s i c  i n f o r m a t i o n  documents, e n r i c h e d  
and amended by d i scuss ions ,  c o n s t i t u t e  a u s e f u l  body o f  i n f o r m a t i o n  f o r  a l a r g e r  
p u b l i c ,  f o r  use i n  research,  p l a n n i n g  o r  t each ing .  I t  has t h e r e f o r e  been dec ided  t o  
p u b l i s h  such documents ( in E n g l i s h ,  French and i f  necessary,  Spanish) i n  a new s e r i e s ,  
e n t i t l e d  %AB T e c h n i c a l  Notes".  These t e c h n i c a l  n o t e s  w i l l  p r o v i d e  rev iews  o f  . 
s c i e n t i f i c  knowledge r e l a t i n g  t o  t h e  e c o l o g i c a l  bases o f ,  and new techniques f o r  
t h e  management and e x p l o i t a t i o n  o f  n a t u r a l  resources.  E v e n t u a l l y ,  t h e  s e r i e s  w i l l  
c o n t a i n  rev iews  o r  t h e  r e s u l t s  o f  t h e  o p e r a t i o n a l  phase o f  t h e  Programme. 

The p r e s e n t  volume, t h e  f i r s t  i n  t h e  s e r i e s ,  i s  devoted t o  t h e  Sahel .  
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INTRODUCTION 

A r e g i o n a l  mee t ing  on i n t e g r a t e d  e c o l o g i c a l  research  and t r a i n i n g  needs i n  t h e  
Sahe l i an  r e g i o n  was h e l d  i n  Niamey (N ige r )  , from 11 t o  15 March 1 9 7 4 .  T h i s  mee t ing  
was o rgan ized  b y  Unesco w i t h i n  t h e  framework o f  i t s  Man and t h e  Biosphere Programme 
(MAB), and more p a r t i c u l a r l y  i n  connexion w i t h  MAB P r o j e c t  3, concerned w i t h  t h e  impact  
o f  human a c t i v i t i e s  on g r a z i n g  l ands .  The o b j e c t i v e s  o f  t h e  mee t ing  - wh ich  was 
o rgan ized  i n  c l o s e  co -opera t i on  w i t h  FAO and t h e  U n i t e d  Na t ions  Env i ronmen ta l  Pro-  
gramme (UNEP) - were t o  d e f i n e ,  o n  the  one hand, t h e  e c o l o g i c a l  s t u d i e s  t h a t  shou ld  
b e  con t inued  o r  under taken in  t h e  r e g i o n  and, on t h e  o t h e r  hand, t h e  types o f  l a n d  
use and management p r a c t i c e s  t h a t  shou ld  b e  adopted. Management was cons ide red  n o t  
o n l y  w i t h  a v iew  t o  m i t i g a t i n g  t h e  c a t a s t r o p h i c  e f f e c t s  o f  t h e  r e c e n t  drought ,  b u t  
a l s o  t o  e n s u r i n g  f u t u r e  development through t h e  p o s s i b i l i t i e s  f o r  improvement wh ich  
a r e  i n h e r e n t  i n  a p a s t o r a l  and a g r i c u l t u r a l  economy, t a k i n g  due account o f  n a t u r a l  
l i m i t a t i o n s  and t h e  r e l e v a n t  s o c i a l  and economic f a c t o r s .  

The Niamey meet ing b rough t  t o g e t h e r  s p e c i a l i s t s  ans p lanners  f rom t h e  S a h e l i a n  
r e g i o n ,  as w e l l  as a number o f  c o n s u l t a n t s  whose exper ience and competence f a c i l i t a t e d  
b o t h  t h e  e v a l u a t i o n  o f  t h e  p r e s e n t  s t a t e  o f  knowledge and t h e  f o r m u l a t i o n  o f  p roposa ls  
f o r  conc re te  a c t i o n .  The rev iews and analyses p resen ted  a t  t h e  mee t ing  have been 
assembled i n  t h e  p r e s e n t  p u b l i c a t i o n ,  a f t e r  h a v i n g  been m o d i f i e d  and e l a b o r a t e d  i n  
t h e  l i g h t  o f  t h e  d i scuss ions  a t  Niamey. The v iews expressed t h e r e i n  a r e  those o f  t h e  
au tho rs ,  and do n o t  n e c e s s a r i l y  c o i n c i d e  w i t h  those o f  Unesco. 

I t  shou ld  b e  s t r e s s e d  t h a t  t h e  aspects  t r e a t e d  i n  t h i s  T e c h n i c a l  Note a r e  i n  no 
way in tended  t o  be al l -encompassing. Rather ,  a t t e n t i o n  i s  d i r e c t e d  t o  those aspects  
wh ich  - i n  t h e  f i e l d  o f  e i t h e r  t h e  n a t u r a l  o r  t h e  human sc iences - a r e  o f  s p e c i a l  
impor tance and i n t e r e s t  f o r  t h e  development o f  t h e  Sahel. The c h o i c e  o f  t o p i c s  has 
n o t  t h e r e f o r e  been made a t  random. I t  has been d i c t a t e d ,  i n  p a r t ,  b y  t h e  f a c t  t h a t  
t h i s  r e g i o n  - more t h a n  any o t h e r  - has need f o r  t h e  r a p i d  and f o r e s i g h t e d  a p p l i c a t i o n  
o f  t h e  r e s u l t s  o f  research  s t u d i e s  which have been under way f o r  a c o n s i d e r a b l e  number 
o f  years,  as w e l l  as f o r  t h e  t r a n s f e r  - w i t h  a l l  due c a u t i o n  - o f  s c i e n t i f i c  know- 
ledge ob ta ined  i n  b i o c l i m a t i c a l l y  comparable zones. F u r t h e r  measures, f u r t h e r  e x p e r i -  
ments and f u r t h e r  i n v e s t i g a t i o n s  a r e  e v i d e n t l y  s t i l l  necessary.  Never the less ,  t h e  
p r e s e n t  volume p r o v i d e s ,  h e r e  and now, n o t  mere l y  a summary o f  a v a i l a b l e  knowledge 
( w i t h  as l a r g e  a b i b l i o g r a p h y  as p o s s i b l e )  but  a l s o  p r o p o s a l s  r e l a t i n g  t o  p o s s i b l e  
management p r a c t i c e s  and t o  f u t u r e  needs. The knowledge a l r e a d y  a v a i l a b l e  - though 
pa tchy  and l a c k i n g  depth i n  c e r t a i n  aspects  - can g i v e  r i s e  t o  p r a c t i c a l  a p p l i c a t i o n s .  
I t  a l s o  goes w i t h o u t  s a y i n g  t h a t  these a p p l i c a t i o n s ,  which a re  aimed a t  s a t i s f y i n g  
t h e  needs o f  human s o c i e t i e s ,  should t a k e  i n t o  account t h e  p a r t i c u l a r  problems and 
b e h a v i o u r a l  c h a r a c t e r i s t i c s  o f  these s o c i e t i e s .  Given t h e  p a s t o r a l  n a t u r e  o f  t h e  
Sahel, t h e  d i s c u s s i o n  o f  human geography i n  t h i s  T e c h n i c a l  Note i s  focused on nomadism 
and i t s  p a s t  and r e c e n t  e v o l u t i o n .  

The p r e s e n t  p u b l i c a t i o n  i n c l u d e s  a number o f  p roposa ls  f o r  immediate a c t i o n .  
These e v i d e n t l y  impinge on a complex f i e l d  o f  a c t i v i t i e s  i n  wh ich  d e c i s i o n  making 
belongs t o  t h e  s o c i e t i e s  concerned. I t  shou ld  be c l e a r l y  understood t h a t  t h e  p roposa ls  
p u t  f o rward  a r e  d e r i v e d  f rom a s tudy o f  t h e  i n t e r a c t i o n s  between man and h i s  env i ron -  
ment. They show t h a t ,  i n  a f a i r  number o f  cases, t e c h n i c a l  s o l u t i o n s  and sound a d v i c e  
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based o n  e c o l o g i c a l  research  a l r e a d y  e x i s t .  However, t h e  a p p l i c a t i o n  o f  t h i s  know- 
ledge t o  r e g i o n a l  l a n d  management and to' t h e  r a t i o n a l  use o f  n a t u r a l  resources  i s  
l a r g e l y  c o n d i t i o n e d  b y  d e c i s i o n s  based o n  s o c i a l  and p o l i t i c a l  cons ide ra t i ons ,  
d e c i s i o n s  wh ich  do n o t  always conform t o  t h e  r e l i a b l e  s c i e n t i f i c  i n f o r m a t i o n  t h a t  
i s  a v a i l a b l e .  I t  i s  e v i d e n t  t h e r e f o r e  t h a t  t h i s  T e c h n i c a l  Note cannot i g n o r e  problems 
r e l a t e d  t o  d e c i s i o n s  o f  a s o c i a l  and p o l i t i c a l  n a t u r e  b u t  cannot d e a l  e x t e n s i v e l y  
w i t h  them. 

I t  i s  hoped t h a t  t h i s  Techn ica l  Note w i l l  u s e f u l l y  complement o t h e r  r e c e n t  
s t u d i e s  on t h e  Sahel, p a r t i c u l a r l y  those under taken w i t h i n  t h e  U n i t e d  Na t ions  f a m i l y .  
I t  i s  a l s o  hoped t h a t  t h e  Techn ica l  Note w i l l ,  d e s p i t e  i t s  shortcomings, encourage 
r e f l e c t i o n  and, above a l l ,  l e a d  t o  a c t i o n ,  and w i l l  p r o v i d e  a u s e f u l  source o f  docu- 
m e n t a t i o n  and b i b l i o g r a p h y  f o r  e d u c a t i o n  and t r a i n i n g  purposes. 
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THE SAHEL : CLIMATE AND SOILS 

by  L.  BERRY, 
Graduate School o f  Geography, 

C l a r k  U n i v e r s i t y ,  Worcester ,  Massachuset ts .  

DEFINITION OF THE SAHEL, AS A CLIMATIC ZONE 

The Sahe l i an  zone exiends between t h e  Sahara, i n  t h e  n o r t h ,  and t h e  sudanic zone 
i n  t h e  south.  As a f r i n g e , ,  i t  spreads a l o n g  t h e  d e s e r t  f rom t h e  A t l a n t i c  Ocean t o  
E t h i o p i a ,  Somalia and Kenya. The Sahe l i an  zone passes p r o g r e s s i v e l y  t o  t h e  d e s e r t ,  
i n  t h e  n o r t h ,  as r a i n f a l l  decreases and, i n  the  south, i t  i s  r e p l a c e d  g r a d u a l l y  b y  
t h e  savana w i t h  Combretaceae and Andropogoneae. 

I n  t h e  Sahe l ian  zone, where i t  r a i n s  g e n e r a l l y  enough f o r  t h e  g rowth  of a g rass  
canopy and even o f  s c a t t e r e d  t rees ,  r a i n f a l l  i s  neve r the less  i n s u f f i c i e n t  f o r  r e g u l a r  
f o o d  c rops  on  extended areas. The Sahel  can t h e r e f o r e  be d e f i n e d  b y  one o f  t h e  v a r i o u s  
c l a s s i f i c a t i o n s  o f  a r i d i t y .  Tho rn thwa i te ' s  m o i s t u r e  zone ( f i g .  l), m o d i f i e d  i n t o  
Me igs '  zones o f  a r i d i t y  ( f i g .  2) p r o v i d e s  a framework f o r  t h e  Sahe l i an  zone. 

The average c l i m a t e s  o f  t h e  Sahel  i n d i c a t e  t h e  dominant no r th -sou th  c l i m a t i c  
zones ( f i g .  3) ,  though they  a l s o  i n d i c a t e  t h e  s u b t l e  b u t  i m p o r t a n t  d i f f e r e n c e s  t h a t  
occur th roughout  t h e  zone. The l a t i t u d i n a l  d i f f e r e n c e s  i l l u s t r a t e d  b y  comparing t h e  
da ta  f o r  K o s t i  and Maladal ,  o r  Z inde r  and Moundou, r e f l e c t  t h e  s e q u e n t i a l  movement 
of t h e  a i r m a s s e s  n o r t h  and south, b u t  t h e  c l e a r  d i f f e r e n c e s  between Kao lack  (Senegal) 
and Abéché (Chad) i n d i c a t e  t h e  v a r i a b i l i t y  w i t h i n  t h e  zone. Impor tan t  l o c a l  c l i m a t e s  
r e l a t e  t o  d i f f e r e n c e s  i n  r e l i e f  and t h e  e f f e c t s  o f  t h e  E t h i o p i a n  p la teau .  S i m i l a r l y  
a r i d  c l i m a t e s  occur i n  Somalia, though he re  d i f f e r e n c e s  i n  b o t h  fundamental  causes 
and d e t a i l e d  seasonal  p a t t e r n s  e x i s t .  

R a i n f a l l  i s  t h e  c r u c i a l  element i n  c l i m a t e  th roughout  t h e  Sahel. Amount and 
t i m i n g  o f  r a i n f a l l  a r e  i m p o r t a n t  b u t  a l s o  t h e  i n t e n s i t y ,  t h e  degree t o  wh ich  t h e  
storms a r e  g e n e r a l  o r  l o c a l i s e d  and e s p e c i a l l y  t h e  e x t e n t  t o  wh ich  l o c a l  d ra inage 
and topography serve t o  concen t ra te  o r  d i s p e r s e  t h e  l i m i t e d  amounts o f  m o i s t u r e  
supp l i ed .  

R a i n f a l l  i s  t r a n s l a t e d  i n t o  s o i l  m o i s t u r e  i n  a v a r i e t y  o f  processes. F i g .  4 
i l l u s t r a t e s  t h e  genera l  p a t t e r n  o f  m o i s t u r e  a v a i l a b i l i t y  t h rough  t h e  Sudanic-Sahel ian 
zones. O n  average t h e r e  i s  a s teady  d i m i n u t i o n  i n  t h e  p e r i o d  o f  s o i l  m o i s t u r e  f rom 
sou th  t o  n o r t h .  

Such s o i l  m o i s t u r e  p a t t e r n s  a r e  o f  course  s u b j e c t  t o  marked p e r i o d i c  f l u c t u a -  
t i o n s .  They a r e  a l s o  i n f l u e n c e d  by l o c a l  s o i l  and topograph ic  c o n d i t i o n s .  

Smi th 's  (1950) s t u d i e s  o f  n a t u r a l  v e g e t a t i o n  i n  t h e  c e n t r a l  Sudan document v e r y  
c l e a r l y  t h e  impor tance o f  r u n - o f f  o r  run-on s i t u a t i o n s  i n  t h e  n i c h e s  where p a r t i c u l a r  
spec ies  grow. L i kew ise ,  e f f e c t i v e  l a n d  use systems in  t h i s  zone a t tempt  i n  a v a r i e t y  
o f  ways f i r s t  t o  make maximum use o f  n a t u r a l l y  advantageous s i t e s  and second t o  a r t i -  
f i c i a l l y  concen t ra te  water.  

Sahe l  i n  A r a b i c  means seashore o r  edge. 
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Figure 1. Moisture regions in the Sahel [according to the 1948 system of C. W .  
Thornthwaite), after Carter. 
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Figure 2. Arid lands of Northern Africa, after Meigs (in McGinnies et all. 

1 Semiarid 
2 Arid 
3 Extremely arid 

Meigs classifications Diglts 

E Extremely arid First digit: mean temperature of coldest 
month. 

Second digit: mean temperature of war- A Arid 

mest month. S Semiarid 

2 lo" to 20" c. a No marked season of preclpltation 

b Summer precipitation 3 20" to 30" C. 
c Winter precipitation 4 More than 30" C. 
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Figure 3. Climates of the Sahel. 

11' 5 1 ' N ,  13' 5 ' E  I lo 42'N. 28' 1 ' E  

Diagrammatic summary of availability of water periods in the area. From left to 
right: preparatory, intermediate, humid (darkest). intermediate, intermediate with 
storage. 
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Figure 4. Availability of water, after J. Cocheme and P. Franquin 
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Bear ing  these f a c t o r s  i n  mind i t  i s  c l e a r  t h a t  genera l  c l i m a t e  d a t a  serve o n l y  
t o  p r o v i d e  a framework o f  i n f o r m a t i o n ,  and n o t  a f i r m  b a s i s  on wh ich  s p e c i f i c  con- 
c l u s i o n s  can be drawn. 

CAUSES OF THE PRESENT DROUGHT 

Since 1965, t h e  Sahe l i an  zone has exper ienced a l a s t i n g  drought,  t h e  e f f e c t s  
o f  wh ich  have now reached t h e  s i z e  of a r e g i o n a l  d i s a s t e r .  As 1973 was as d r y  as 
1972, t h e  pas tu res  a r e  t h e r e f o r e  s u f f e r i n g  the  shor tage o f  water  f o r  n i n e  years.  
Most o f  t h e  water  reserves ,  easy t o  reach, have been exhausted and t h e  s i t u a t i o n ,  
i n  1974, i s  r e a l l y  c r i t i c a l .  

A t  Agadès (Niger) ,  f o r  example, w h i l e  t h e  average annual  r a i n f a l l ,  c a l c u l a t e d  
over  50 yea rs  (1922-1972) i s  158,7 mm, t h e  r a i n f a l l  has been, f o r  t h e  l a s t  5 years  : 

80.7 nun i n  1969 
39.7 mrn i n  1970 
92.6 nun i n  1971 
73.9 mm i n  1972 
76.3 nun i n  1973 
(see a l s o  t a b l e  1). 

Much d i s c u s s i o n  has taken  p l a c e  on whether o r  n o t  t h e  drought  wh ich  a f f e c t s  t h e  
Sahe l i an  zone i s  p a r t  o f  a c y c l i c  p a t t e r n  o f  c l i m a t i c  change o r  whether i t  i s  a s i g n  
o f  t h e  beg inn ing  o f  a l o n g e r  te rm downward t r e n d  i n  r a i n f a l l  i n  t h i s  zone. To p r e d i c t  
t h e  f u t u r e ,  we must know something o f  causa l  f a c t o r s .  Hence t h e  importance o f  t h e  
s tudy  o f  and debate on the  b a s i c  mechanisms a f f e c t i n g  c l i m a t e  i n  t h e  Sahel  a rea  and 
indeed i n  t h e  wor ld .  

I f  t h e  c u r r e n t  d rought  f i t s  w e l l  w i t h i n  t he  p r o b a b i l i s t i c  range o f  c l i m a t i c  
events  w i t h i n  t h e  c l i m a t i c  con tex t  o f  t h e  l a s t  f o u r  o r  f i v e  decades then  we a re  a b l e  
t o  cons ide r  t h e  s i t u a t i o n  as an u n f o r t u n a t e  b u t  d e f i n e d  major  f l u c t u a t i o n  and can 
p l a n  f o r  t h e  b e t t e r  years  wh ich  w i l l  i n  a l l  p r o b a b i l i t y  f o l l o w .  

On  t h e  o t h e r  hand i f  t h e  drought  i s  p a r t  o f  a l onger  term t r e n d  then  much more 
f a r  r e a c h i n g  changes w i l l  be  necessary i n  the  human eco logy  o f  t h e  area. 

Knowledgeable o p i n i o n  d i f f e r s  on t h i s  i ssue.  Bryson (1973) develops t h e  y e t  un- 
s u b s t a n t i a t e d  hypo thes i s  t h a t  i n c r e a s e  i n  temperature g r a d i e n t  f rom equator t o  p o l e  
and/or an i n c r e a s e  i n  v e r t i c a l  tempera ture  g r a d i e n t  cou ld  cause a change i n  g l o b a l  
c i r c u l a t i o n  p a t t e r n s  wh ich  c o u l d  r e a d i l y  e x p l a i n  t h e  drought .  He f u r t h e r  Suggests 
t h a t  such inc reased  temperature g r a d i e n t s  cou ld  be caused b y  i nc reased  CO i n  the  
atmosphere - a proved man-made phenonenon. 

However, Bryson does n o t  e x p l a i n  why  t h i s  shou ld  happen as suddenly as i t  has 
i n  t h e  l a s t  few years  and Landsberg and o t h e r s  (1973) show c l e a r l y  t h a t  c l i m a t i c  
sequences s i m i l a r  t o  t h e  c u r r e n t  one have occur red  i n  t h e  p a s t  (1913, 1940). 

O n  t h e  o t h e r  hand, t h e  mechanism wh ich  causes t h e  f l o w  o f  humid a i r  coming f rom 
t h e  equator  t o  d r i f t  ove r  the  Sahel i s  s t i l l  unknown. I t  was assumed t h a t  ove rhea t ing  
o f  t h e  Saharan areas due t o  ascens ion  o f  t he  sun, a t  t h e  end o f  sp r ing ,  would c r e a t e  
a low p ressu re  zone ( o f  thermal  o r i g i n ) ,  which would a t t r a c t  t h e  wet a i r .  The over-  
heated  A f r i c a n  c o n t i n e n t  would p e r f o r m  t h e  r ô l e  o f  a " thermal  chimney". 

These assumptions,which a r e  i n  agreement w i t h  t h e  laws of  phys i cs ,  do n o t  agree 
w i t h  t h e  r e c e n t  obse rva t i ons  and measurements. Between 1954 and 1964, d u r i n g  11 years, 
t h e  Sahe l i an  zone has exper ienced an average r a i n f a l l  wh ich  was i n  excess o f  t h e  mean 
va lues .  But  t h e  temperatures,  e s p e c i a l l y  those o f  March, A p r i l  and May, have shown 
t h a t  t h e  maximums were unexpected ly  lower .  Moreover, s ince  1965, w h i l e  r a i n f a l l  has 
been decreas ing ,  t h e  maximum temperatures,  e i t h e r  a t  B i lma  o r  a t  La r jeau ,  e t c .  in- 
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TABLE 1. Comparison o f  mean annua l  r a i n f a l l  i n  f o u r  s t a t i o n s ,  f r o m  1954 t o  1973. 

Agadès (Niger)  Abéché (Chad) Niamey (Niger)  S ikasso ( M a l i )  
16'59' 13"50' 13'30' l l " 2 1 '  

1954 
1955 
1956 
195 7 
1958 
1959 
1960 
1961 
1962 
1963 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

m mm 

230.2 
158 
162.2 
118 
288.3 
234.3 
147 
2 16 
150.9 
175 

128.7 
149.7 
104 
155,3 
163.2 
80.7 
39.7 
92.6 
73,9 
76.3 

551,2 
409.6 
436.2 
528.6 
429.6 
605 " 4  
401.1 
537.3 
504.8 
411.8 

646.9 
354 
406 
339 
32 1 
290 
307.2 
395.4 
219 - 8  
187.6 

Average f o r  the pe r iod  1954-1963 
188 .O0 481.5 

Average f o r  the  per iod 2964-2973 
106.4 346.7 

mm 

465 
5 6 1  
4 16 
608 
62 2 
65 3 
628 
699 
662 
558 

7 05 
662 
566 
813 
447 
647 
5 4 1  
5 70 
412.1 
370.7 

587.2 

573.3 

rmn 

1439 
1408 
1185 
1310 
1450 
1269 
1230 
1141 
1244 
1248 

1239.9 
979.3 

1229 
1279.4 
1475 - 9  
1231.4 
1325.5 

888.4 
1016.8 

794.6 

1292.4 

1035.4 

creased. The "Saharan chimney" n o  l o n g e r  a s p i r a t e s .  The c l i m a t o l o g i s t s  think there-  
f?;e t h a t  t h e  t r u e  e x p l a n a t o r y  mechanism o f  t h e  monsoon i s  t h e  d isp lacement  o f  t h e  
S Helena an t i cyc lone ,  wh ich  pushes t h e  wet e q u a t o r i a l  a i r ,  when i t  r i s e s ;  t h e r e  i s  
a ba lanced movement on b o t h  s i  es o f  t h e  equator  and acco rd ing  t o  t h e  season o f  t h e  
two an t i cyc lones ,  Açores and S Helena. t a  

To sum up, w h i l e  i t  may b e  l o g i c a l  t o  cons ide r  t h e  c u r r e n t  f l u c t u a t i o n s  as a s h o r t  
t e rm t r e n d  i t  i s  p ruden t  t o  t a k e  i n t o  account  t h e  p o s s i b i l i t y  t h a t  i t  may n o t  be.  

PAST CLIMATES 

The Sahel, b e i n g  t h e  sou the rn  marg in  o f  t h e  Sahara has been t h e  zone across  
wh ich  c l i m a t e s  have f l u c t u a t e d  i n  t h e  P l e i s t o c e n e  and Recent. The f l u c t u a t i o n s a c c o r d -  
ing t o  t h e  b e s t  a v a i l a b l e  r e c o r d s  have been cont inuous  and complex. B u t  a g a i n  u s i n g  
o u r  c u r r e n t  i n f o r m a t i o n  i t  seems reasonab ly  c l e a r  t h a t  t h e  p a t t e r n  o f  c l i m a t i c  change 
across  t h e  zone has been r e l a t i v e l y  un i fo rm.  There i s  however l i t t l e  d a t a  a v a i l a b l e  
f o r  t h e  Somalia and low land  E t h i o p i a n  reg ions .  

There a r e  many e f f e c t s  o f  such c l i m a t i c  f l u c t u a t i o n s .  I t  i s  c l e a r  that  o n  a 
b road  s c a l e  t h e r e  have been p e r i o d s  when t h e  Sahel  zone was c o n s i d e r a b l y  d r i e r  even 
than a t  p resen t .  One r e s u l t  o f  t hese  d r i e r  ep isodes was t o  move t h e  zone of w ind  
e r o s i o n  and d e p o s i t i o n  southward. A c t i v e  sand dunes occu r red  w e l l  sou th  of t h e i r  

13 



p r e s e n t  l i m i t s  and these dunes once f i x e d  by t h e  n a t u r a l  v e g e t a t i o n  wh ich  c o l o n i s e d  
them d u r i n g  m o i s t e r  p e r i o d s  a r e  a common f e a t u r e  o f  t h e  Sahel  ( f i g .  5 ) .  

They a r e  v e r y  v u l n e r a b l e  environments t o  renewed e r o s i o n  when th rough  c l i m a t i c  
ep isodes o r  man-induced degrada t ion  o f  t h e  vege ta t i on ,  t hey  a r e  exp-osed t o  renewed 
w ind  a t t a c k .  

There i s  a l s o  c l e a r  evidence th roughout  t h e  whole o f  t h e  Sahe l i an  zone o f  p a s t  
c l i m a t i c  c o n d i t i o n s  t h a t  were w e t t e r  t han  a t  p resen t .  Grea te r  d i scha rge  in  t h e  main  
r i v e r s ,  much l a r g e r  l a k e s  than  a r e  c u r r e n t l y  found, and t h e  ev idence o f  f o s s i l  fauna 
and f l o r a ,  t oge the r  w i t h  that  o f  e a r l y  man, a l l  p o i n t  t o  t h i s  conc lus ion .  One of t h e  
r e l i c s  o f  these w e t t e r  p e r i o d s  i n  t h e  Sahe l i an  zone i s  t h e  occurrence o f  widespread 
l a c u s t r i n e  
The map c l e a r l y  shows f i r s t ,  how these reco rds  a r e  found th rough t h e  Sahe l i an  zone, 
second, how i n  many p l a c e s  t h e y  o v e r l a p  w i t h  sands r e s t i n g  on c l a y s  and sometimes 

depos i t s ,  m a i n l y  c l a y s ,  wh ich  were l a i d  down i n  t h e  P l e i s t o c e n e  lakes .  

c l a y s  o n  
f o r  most 
t h e  same 

The 
have a s 
c l i m a t i c  

S O I L S  

The 
c l i m a  t i c  

sands. The r e c o r d  o f  t h e  p a s t  i s  complex but i t  i s  a s i m i l a r  t y p e  o f  r e c o r d  
o f  t h e  zone. Areas n o t  c h a r a c t e r i s e d  b y  these d e p o s i t s  must have gone th rough  
s e t  o f  f l u c t u a t i o n s .  

d r y  a reas  o f  E t h i o p i a  may be cons idered p a r t  o f  t h i s  zone and most p robab ly  
m i l a r  c l i m a t i c  h i s t o r y .  Somal ia i s  i n  a d i f f e r e n t  c l i m a t i c  s i t u a t i o n  and i t s  
h i s t o r y  i s  r a t h e r  u n c l e a r .  

s o i l s  o f  t h e  Sahe l i an  zone have developed i n  p a r t  i n  r e l a t i o n  t o  c u r r e n t  
c o n d i t i o n s  and topography and i n  p a r t  a r e  i n h e r i t e d  f rom p a s t  c l ima tes .  

~~ ~~ 

The map ( f i g .  6) u s i n g  t h e  seventh  approx ima t ion  c l a s s i f i c a t i o n  shows t h e  uni ty o f  
t h e  s o i l  zones across  t h e  c o n t i n e n t .  A g e n e r a l  t r e n d  f rom d e s e r t  a r i d o s o l s  i n  t h e  
n o r t h  i n t o  a b e l t  o f  a r i d  brown s o i l s  i s  f o l l o w e d  f u r t h e r  southward by a mosa'ic 
p a t t e r n  o f  f e r r u g i n o u s  s o i l s  m a i n l y  on sands, and v e r t i s o l  c l a y s  and clay-loams 
m a i n l y  developed o n  a l l u v i a l  m a t e r i a l .  In  a v e r y  genera l  way t h e r e  i s  a tendency f o r  
f e r t i l i t y ,  o r  more a c c u r a t e l y  p o t e n t i a l  p r o d u c t i v i t y ,  t o  i nc rease  f r o m  n o r t h  t o  south, 
but pockets  o f  p o t e n t i a l l y  f e r t i l e  s o i l s  occur  i n  most zones, t h e  G e z i r a  c l a y s  of t h e  
Sudan and some o f  t h e  c l a y s  and clay-loams f u r t h e ' r  west i n  t h e  N i g e r  and Chad b a s i n s  
b e i n g  examples o f  these. 

However s o i l s  need t o  b e  assessed n o t  o n l y  i n  terms o f  t h e i r  f e r t i l i t y ,  b u t  a l s o  
i n  terms o f  t h e i r  v u l n e r a b i l i t y .  Are  they  capable o f  w i t h s t a n d i n g  s t r e s s  c o n d i t i o n s  
r e s u l t i n g  f r o m  p e r i o d i c  d rough t?  A re  they  l i k e l y  t o  p rove  v u l n e r a b l e  under  new k i n d s  
o f  l a n d  use, o r  new i n t e n s i t i e s  o f  c u r r e n t  l a n d  use? A map o f  e r o s i o n  danger i n  A f r i c a  
s o u t h  of t h e  Sahara ( "Car te du danger d ' é r o s i o n  e n  A f r i q u e  au sud du Sahara") was 
compi led  f r o m  i n f o r m a t i o n  o n  e r o s i o n  r a t e s  i n  d i f f e r e n t  c l i m a t i c  and topograph ic  
zones and a l s o  f r o g  d a t a  f r o m  f i e l d  exper iments,  many o f  them c a r r i e d  o u t  under t h e  
ausp ices  o f  ORSTOM . The mapped p a t t e r n s  a r e  somewhat g e n e r a l i s e d  but i n d i c a t e  t h e  
f o l l o w i n g  : 

- h i g h e s t  r a t e s  of s o i l  l o s s  p o t e n t i a l  a r e  found i n  t h e  Sahe l i an  zone on f e r r u g i n o u s  
s o i l s ;  
- over  200 tons  p e r  km2 may be l o s t  each year  i n  t h i s  zone; 
- some sandy s o i l s  may have e q u a l l y  high w ind  e r o s i o n  r a t e s ;  
- n o r t h  o f  15' N, r a t e s  o f  s o i l  l o s s  decrease w i t h  decreas ing  r a i n f a l l ;  
- that under  most c i rcumstances t h e  c l a y  s o i l s  a r e  q u i t e  r e s i s t a n t  t o  e r o s i o n  i n  t h e  
Sahe 1. 

T h i s  g e n e r a l  s e t  o f  conc lus ions  i s  l i k e l y  t o  b e  v e r y  much m o d i f i e d  under  t h e  
c u r r e n t  c o n d i t i o n s  o f  severe drought .  They w i l l  a l s o  b e  m o d i f i e d  under  t h e  i n f l u e n c e  

O f f i c e  de l a  Recherche s c i e n t i f i q u e  e t  techn ique ou t re -mer ,  P a r i s .  
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2 O0 

Pleistocene Fossil Dunes 

Tertiary and pre-Pleistocene Lake Beds 

Figure 5. Historic dunes and lake beds, after K. W. Butzer. 

1 ALFISOLS: Soils with grey to brown surface horizons, 
subsurface clay accumulation and a medium to high 
base supply. 

A2 Udalfs. Temperate to hot, and usually moist 
A3 Ustalfs. Temperate to hot; dry more than 90 cumu- 

lative days in the year 

2 ARIDISOLS: Desert or saline soils. 
D I  Aridisols. Undifferentiated 

3 ENTISOLS: Soils on freshly exposed rock or recent 

E2 Orthents. Loamy or clayey texture; often shallow to 

E3 Psamments. Sand or loamy sand texture 

4 INCEPTISOLS: Moderately developed soils. 
12 Aquepts. Seasonally or perennially wet 

alluvium without pedogenic horizons. 

bedrock 

5 OXiSOLS: Laterites. latosols. 
O1 Orthox. Hot and nearly always moist 

6 ULTISOLS: Strongly weathered or podsolic soils of low 

U3 Udults. Temperate to hot; usually moist 
U4 Ustults. Warm or hot; dry more than 90 cumulative 

days in the year 

7 VERTISOLS: Soils with a high content of active clays 
which swell when wet and develop deep, wide 
cracks when dry. 

V2 Usterts. Dry and cracked more than 90 cumulative 
days in the year 

latitudes. 

Figure 6. Soils, after Oxford Economic Atlas. 
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o f  v a r i o u s  types  o f  sedentary  c u l t i v a t i o n  and under p a s t o r a l  a c t i v i t y .  In t h e  c u r r e n t  
dynamics o f  t h e  landscape t h e  near zones o f  t h e  1/5 O00 O00 map w i l l  be r e p l a c e d  w i t h  
an  ex t reme ly  v a r i e d  p i c t u r e .  Areas around w a t e r i n g  p o i n t s ,  areas o f  sandy s o i l s ,  some 
areas o f  s i l t y  s o i l s ,  a l l  show h i g h  e r o s i o n  r a t e s .  

I n  a s i m i l a r  way t h e  d i f f e r e n c e  between the  n a t u r a l  v e g e t a t i o n  (see f i g .  7) and 
t h e  on-ground s t a t u s  can b e s t  be seen around some o f  t h e  l a r g e r  c i t i e s  o f  t h e  Sahel. 
The a rea  around Khartoum and Omdurman i n  Sudan i s  reduced t o  b a r r e n  s o i l s  and 
s c a t t e r e d  annua l  grasses because o f  t h e  need f o r  wood f o r  charcoa l ,  and t h e  g r a z i n g  
needs o f  c i t y  goats .  H i s t o r i c a l  reco rds  show a much h i g h e r  s t a t u s  o f  v e g e t a t i o n  and 
fenced-of€ p l o t s  develop a m i x t u r e  o f  annual  and p e r e n n i a l  grasses and shrubs i n  a 
few years.  The exper imen ta l  p l o t s  a re  hope fu l  as they  show t h a t  t h e  s t o r e  o f  seeds 
i s  s t i l l  a v a i l a b l e  i n  t h e  s o i l  and t h a t  r e g e n e r a t i o n  o f  t h e  v e g e t a t i o n  i s  p o s s i b l e  
under m o d i f i e d  l a n d  use. 

Human occupance, toge the r  w i t h  an ima l  husbandry, has had a g r e a t  m o d i f y i n g  
i n f l u e n c e  on t h e  vege ta t i on .  Once more t h e  r e a l i t y  on t h e  ground i s  f a r  more 
complex than  t h e  g e n e r a l i t y  on t h e  map. 

ENVIRONMENTAL ZONES 

Whi le  p a t t e r n s  o f  c l ima te ,  s o i l  and v e g e t a t i o n  occur i n  broad sequences th rough  
t h e  Sahe l i an  zone, d e t a i l s  of each of these f a c t o r s  v a r y  l o c a l l y  i n  a complex way. 
I n  a s i m i l a r  f ash ion ,  a l t hough  geomorphological  u n i t s  i n  t h e  area  a r e  n o r m a l l y  l a r g e  
sca le ,  these b road  u n i t s  h i d e  much l o c a l  v a r i a t i o n .  

About t h i r t y  geomorphological  u n i t s  o f  t he  zone a re  shown in  a genera l i sed  way 
i n  f i g .  8. 

One o f  t h e  problems o f  t h e  Sahe l i an  zone i s  t o  know i n  what ways i n f o r m a t i o n  
about one a rea  may be a p p l i c a b l e  t o  o t h e r  areas. I n  genera l ,  c a u t i o n  i s  needed i n  
u s i n g  s p e c i f i c  i n f o r m a t i o n  f rom one environment i n  another .  So t h e  t h i r t y  u n i t s  may 
be cons idered as a f i r s t  app rox ima t ion  t o  a b a s i c  sampl ing unit f o r  t h e  area. However, 
b e f o r e  t h i s  can be a u s e f u l  t o o l ,  t h e  d i v i s i o n s  and sub -d i v i s ions  w i t h i n  them must be 
b e t t e r  de f i ned .  

An approach u s i n g  a g e n e r a l i s e d  land-system breakdown m i g h t  be a u s e f u l  way t o  
o rgan ise  d a t a  on the  env i ronmenta l  u n i t s  o f  t he  Sahel. Work i n  n o r t h  N i g e r i a  has 
i n d i c a t e d  t h e  s u i t a b i l i t y  o f  t h i s  approach. 

REFERENCES 

BRYSON, Re id  A. 1973. C l i m a t i c  m o d i f i c a t i o n  by  a i r  p o l l u t i o n ,  II : t h e  Sahe l i an  
e f f e c t .  I n s t i t u t e  f o r  Env i ronmenta l  S tud ies ,  U n i v e r s i t y  o f  Wisconsin (Madison, 
Wisconsin),  Report no. 9, p. 1-12. 

LANDSBERG, H.E. 1973. A n  a n a l y s i s  o f  t h e  annual  r a i n f a l l  a t  Dakar (Senegal),  1887- 
1972. I n s t i t u t e  o f  F l u i d  Dynamics and A p p l i e d  Mathematics, U n i v e r s i t y  o f  Maryland, 
p. 1-13, 

M i n i s t r y  o f  A g r i c u l t u r e ,  Khartoum. 
SMITH, J. 1950. The d i s t r i b u t i o n  o f  t r e e  species i n  t h e  Sudan. B u l l e t i n  no. 4 ,  

16 



t Montane grassland, forest and thicket, undifferentiated 
2 Tropical moist forest 
3 Tropical forest-savanna mosaic. Undifferentiated tropical 

woodlands, savannas and steppes 
4 Relatively moist types 
5 Relatively dry types 
6 Tropical woodlands - Ethiopian type 
7 Tropical wooded steppes and grasslands 
8 Desert 

Figure 7. Natural vegetation, after Oxford Economic Atlas (in A.T. Grove). 
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REMOTE SENSING POTENTIALS FOR ECOLOGICAL RESEARCH 
AND TRAINING I N  THE SAHEL 

b y  N. H. MACLEOD, 
The American Un i  v e r s i  ty , Washington , D. C .  

To c a r r y  o u t  i n t e g r a t e d  e c o l o g i c a l  research  programs i t  i s  necessary t o  o b t a i n  
an overv iew o f  t h e  systems and t o  unders tand n o t  o n l y  t h e  b i o l o g i c a l  r e l a t i o n s h i p s  
between ma jo r  systems, b u t  t o  d e f i n e  major  ecosystems g e o g r a p h i c a l l y  and t o  d e s c r i b e  
them i n  dynamic as w e l l  as s t a t i c  terms. Dynamic d e s c r i p t i o n s  would i n c l u d e  seasonal  
d e s c r i p t i o n s ,  d e s c r i p t i o n s  o f  long- te rm community r e a c t i o n s  t o  s t r e s s  and use o f  t h e  
ecosystem. S t a t i c  d e s c r i p t i o n s  would i n c l u d e  f l o r i s t i c ,  f auna l ,  demographic d e s c r i p -  
t i o n s ,  t h a t  assemblage o f  i n f o r m a t i o n  about t h e  ecosystems as t h e y  e x i s t  a t  a g i v e n  
t ime  . 

Remote-sensing techn iques  a r e  b e i n g  used t o  conduct r e g i o n a l  surveys of n a t u r a l  
resources, b o t h  those found on the  su r face  o f  t h e  e a r t h  and i n f e r r e d  t o  e x i s t  beneath  
t h e  sur face .  Remote-sensing techn iques  a r e  a l s o  used f o r  m e t e o r o l o g i c a l  purposes and 
f o r  r e g i o n a l  s t u d i e s  o f  energy r e l a t i o n s h i p s  - b o t h  i n  t h e  atmosphere and on t h e  
sur face .  Wh i le  remote-sensing techn iques  i n c l u d e  a e r i a l  photograph and a i r -bo rne  
sensors such as the rma l  scanners and magnetometers, t h e  techn iques  o f  g r e a t e s t  use 
i n  t h e  Sahel  a r e  those u s i n g  s p a c e c r a f t  sensors.  The s p a c e c r a f t  systems o f  most imme- 
d i a t e  use t o  Sahe l i an  researchers  a r e  t h e  ea r th -obse rv ing  s a t e l l i t e s  such as t h e  
E a r t h  Resources Technology S a t e l l i t e  (ERTS-1) and t h e  m e t e o r o l o g i c a l  s a t e l l i t e s  such 
as t h e  Nimbus and ESSA s a t e l l i t e s .  Data  and imagery o f  t h e  Sahe l i an  zone a re  a v a i l -  
a b l e  now f r o m  these s a t e l l i t e  systems ( i n f o r m a t i o n  on t h e  a v a i l a b l e  d a t a  can be  ob- 
t a i n e d  f rom t h e  O f f i c e  o f  I n t e r n a t i o n a l  A f f a i r s ,  NASA Headquarters,  Washington, D.C., 
USA. A t t e n t i o n  : Mr .  James Mor r i son ,  CODE 1). 

The ERTS-1 imagery i s  c u r r e n t l y  used t o  conduc't s o i l  surveys , v e g e t a t i o n  mapping, 
range i n v e n t o r i e s ,  su r face  wa te r  s t u d i e s  and a n a l y s i s  o f  c ropp ing  p a t t e r n s  i n  p a s t o r a l  
and sedentary  r e g i o n s  o f  t h e  Sahel. These s t u d i e s  a re  p o s s i b l e  because sur face  
resources  a r e  seen i n  con tex t ;  and, i n  a d d i t i o n ,  each resource  can be  i d e n t i f i e d  b y  
s p e c t r a l  and t e x t u r a l  c h a r a c t e r i s t i c s .  The coverage has been ob ta ined  s i n c e  September, 
1972, th rough  t h e  p r e s e n t , , c o v e r i n g  most o f  t h e  Sahel. Some areas under p a r t i c u l a r  
s t r e s s  f r o m  t h e  drought  have been covered seasona l l y ,  t h a t  i s  i n  p r e -  and p o s t -  r a i n y  
season and i n  t h e  d r y  season. The imagery i s  a t  111 O00 O00 sca le ,  each image c o v e r i n g  
10 O00 square m i l e s .  Four s p e c t r a l  bands f rom a scanning sensor ( M u l t i s p e c t r a l  Scanner 
-MSS) a r e  ob ta ined  (0.5 t o  0.6, 0.6 t o  0.7, 0 .7  t o  0.8, and 0.8 t o  1 . 1 m i c r o m e t e r s  
wavelength).  The bands can be  combined t o  f o r m  a c o l o r  image i n  wh ich  t h e  cha rac te r -  
i s t i c s  o f  hue and s a t u r a t i o n  a r e  ana lysed f o r  f e a t u r e  i d e n t i f i c a t i o n .  In some i n s -  
tances where l a r g e  computers a r e  a v a i l a b l e ,  t h e  f u l l  i n f o r m a t i o n  con ten t  o f  t h e  ERTS 
d a t a  can be  used f o r  f e a t u r e  a n a l y s i s  and mapping. Fo r  r e g i o n a l  surveys, however, a 
s t r a i g h t f o r w a r d  and easy mapping of su r face  f e a t u r e s  i s  done d i r e c t l y  on  t h e  
1/1 O00 O00 pho tog raph ic  p roduc ts  (maximum r e s o l u t i o n  o f  t h e  imagery i s  about 100 
meters ) .  

The m e t e o r o l o g i c a l  s a t e l l i t e  i n f o r m a t i o n  has n o t  been as f u l l y  e x p l o i t e d  f o r  
A f r i c a n  s t u d i e s  as t h e  ERTS data .  Bu t  i t  i s  a v e r y  u s e f u l  d a t a  source f o r  de te rm in ing  
t h e  d a i l y  p o s i t i o n  o f  t h e  I n t e r t r o p i c a l  Convergence ( I T C ) ,  t h e  the rma l  p r o p e r t i e s  of 
su r faces  ( a t  1 km r e s o l u t i o n ) ,  t h e  atmospher ic tempera ture  p r o f i l e  and o t h e r  para-  
me te rs  o f  i n t e r e s t  t o  m e t e o r o l o g i s t s .  Because t h e  p o s i t i o n  o f  t h e  I T C  i s  o f  c r i t i c a l  
importance t o  Sahe l i an  e c o l o g i s t s  and because t h i s  i n f o r m a t i o n  i s  a v a i l a b l e  on a 
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d a i l y  b a s i s  i n  s e v e r a l  Sahe l i an  s t a t i o n s ,  researchers  shou ld  reques t  a w ide r  d i s t r i -  
b u t i o n  o f  t h i s  i n f o r m a t i o n  t o  e c o l o g i s t s  as w e l l  as m e t e o r o l o g i s t s .  

Very l i t t l e  research  has been done w i t h  t h e  thermal  i n f o r m a t i o n  from meteoro lo -  
g i c a l  s a t e l l i t e s  by e c o l o g i s t s  o r  p e d o l o g i s t s .  Some e a r l y  work has demonstrated t h e  
p o s s i b i l i t i e s  o f  l o c a t i n g  o l d  d ra inage  channels i n  wh ich  sub-surface water  i s  s t i l l  
f l ow ing .  P l a n t  p h y s i o l o g i s t s  and s o i l  p h y s i c i s t s  have made v e r y  l i t t l e  use o f  t h e  
data,  though su r face  temperature d a t a  i s  c r i t i c a l  i n  b o t h  sciences. Sahe l i an  sc ien-  
t i s t s  i n  p a r t i c u l a r  can c a r r y  f o r w a r d  i n v e s t i g a t i o n s  i n  t h i s  f i e l d  w i t h  s u b s t a n t i a l  
r e t u r n  f o r  t h e  research  t ime  spent.  

Remote sensing d a t a  have c h a r a c t e r i s t i c s  t h a t  a re  u s e f u l  f o r  development o f  
resource  management i n f o r m a t i o n  systems, those da ta  banks i n  wh ich  i n t e g r a t e d  
resource  i n f o r m a t i o n  can be s to red ,  analysed and r e t r i e v e d  f o r  use i n  resource  mana- 
gement d e c i s i o n m a k i n g  and e c o l o g i c a l  mode l l i ng .  The d a t a  u s u a l l y  have geographic 
l o c a t i o n ,  t ime o f  day, sensor a t t i t u d e  ( p o s i t i o n  i n  space) as w e l l  as sensor r e s -  
ponse and c a l i b r a t i o n  da ta .  I n  i n f o r m a t i o n  systems now under development, o t h e r  
geograph ica l l y - re fe renced  and, t e m p o r a l l y  d e f i n e d  data,  such as hydrograph ic ,  s o i l s ,  
c rop- logs  and seasonal  v e g e t a t i o n  i n f o r m a t i o n  as w e l l  as census da ta ,  may be 
i nc luded .  

Remote sens ing  techniques do n o t  r e p l a c e  t r a d i t i o n a l  methods o f  g a t h e r i n g  eco- 
l o g i c a l  and c l i m a t i c  i n f o r m a t i o n .  Ground surveys and c l i m a t e  s t a t i o n  d a t a  g a t h e r i n g  
a r e  s t i l l  necessary.  Subsurface i n v e s t i g a t i o n s  o f  ground-water and o t h e r  g e o l o g i c a l  
e n t i t i e s  must s t i l l  be c a r r i e d  on. Whi le  t h e  ERTS-1 images do c o n t a i n  a g r e a t  d e a l  
of geomorphic i n f o r m a t i o n ,  topograph ic  surveys must s t i l l  i n c l u d e  a e r i a l  surveys. 
Crop and range p r o d u c t i o n  f o r e c a s t s  must s t i l l  be done u s i n g  d a t a  ga thered b y  ground 
survey. P e d o l o g i s t s  w i l l  s t i l l  need t o  c a r r y  ou t  d e t a i l e d  s t u d i e s  o f  s o i l  morphology 
and genesis.  Remote sensing techn iques  augment, expand and make more r a p i d  those 
techn iques  used b y  e c o l o g i s t s  up t o  now. 

Because t h e  peop le  o f  t h e  Sahel  u r g e n t l y  need t o  survey  t h e i r  r e g i o n a l  
resources ,  t h e  c h a r a c t e r i s t i c s  o f  remote sensing d a t a  make t h e  techn ique v e r y  u s e f u l  
a t  t h i s  t ime.  The t r a i n i n g  r e q u i r e d  t o  use t h i s  d a t a  i s  min ima l .  S p e c i a l i s t s  i n  eco- 
l o g i c a l  d i s c i p l i n e s  can l e a r n  t o  use these d a t a  e f f e c t i v e l y  i n  l e s s  than one month 
( i n f o r m a t i o n  on t h e  r e q u i r e d  equipment can be ob ta ined  f rom D r  C.M. Samake, D i r e c t o r -  
General,  Liptako-Gourma A u t h o r i t y ,  Ouagadougou, Upper Vo l ta ;  i t  i s  n o t  ex tens i ve ) .  
Those who a re  n o t  s p e c i a l i s t s  i n  an  e c o l o g i c a l l y  r e l a t e d  d i s c i p l i n e ' w i l l  have con- 
s i d e r a b l e  d i f f i c u l t y  u s i n g  remote-sensing d a t a  because o f  t h e  need t o  i n t e r p r e t  t h e  
d a t a  i n  an e c o l o g i c a l  con tex t .  To make such i n t e r p r e t a t i o n s  r e q u i r e s  t r a i n i n g  i n  an 
e c o l o g i c a l  d i s c i p l i n e .  

Remote-sensing d a t a  must be i n t e r p r e t e d  - t h e  answers t o  t h e  d i f f i c u l t  eco lo -  
g i c a l  p rob lem o f  t h e  Sahel a re  n o t  e x p l i c i t  i n  the  images. Data  f r o m  ear th -observ ing  
and m e t e o r o l o g i c a l  s a t e l l i t e s  have a l r e a d y  been used t o  f o r m u l a t e  r e g i o n a l  concepts 
of S a h e l i a n  e c o l o g i c a l  dynamics. These concepts a r e  now b e i n g  used as a b a s i s  f o r  
r e h a b i l i t a t i o n  and development p l a n n i n g  i n  some Sahe l ian  c o u n t r i e s .  

BALE, J.B.; CONTE, D.; GOEHRING, D. and SIMONETT, D.S. Remote sensing app l ica t ions  
t o  resource management problems i n  the Sahel. Washington, D.C. , E a r t h  S a t e l l i t e  
C o r p o r a t i o n  and Agency f o r  i n t e r n a t i o n a l  Development (Department o f  S ta te ) ,  
July 1974, 262 p .  

Space imagery i s  r a t h e r  l i k e  pho tog raph ic  p roduc ts .  The remote-sensing s p e c i a l i s t  
can be  compared t o  a p h o t o - i n t e r p r e t e r ,  one who analyses t h e  pho tog raph ic  p roduc t  
b u t  does n o t  n e c e s s a r i l y  take  t h e  p i c t u r e .  T r a i n i n g  i s  needed i n  i n t e r p r e t a t i o n  
o f  space imagery f o r  t h e  d i f f e r e n t  d i s c i p l i n e s ,  n o t  i n  sender techno logy  o r  t h e  o r -  
b i t a l  mechanics o f  spacec ra f t .  
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PLANT COVER AND PASTURES OF THE SAHEL+ 

by H. G I L L E T ,  
Muséum n a t i o n a l  d ' h i s t o i r e  n a t u r e l  l e ,  P a r i s  

The v e g e t a t i o n  cover  o f  t h e  Sahel  m i g h t  appear t o  b e  somewhat monotonous but i n  
f a c t  i t  d i v i d e s  i n t o  q u i t e  s p e c i f i c  groupings.  I n  t h e  Sahel  more t h a n  anywhere e l s e ,  
t h e  physiognomy and d i s t r i b u t i o n  o f  t h e  n a t u r a l  v e g e t a t i o n  r e f l e c t s  t h e  extreme 
s e v e r i t y  o f  c l i m a t i c  c o n s t r a i n t s .  Among these c o n s t r a i n t s ,  t h e  sho r tage  o f  water  
d u r i n g  t h e  g r e a t e r  p a r t  o f  t h e  y e a r  i s  r e f l e c t e d  i n  a number o f  a d a p t a t i o n s  o f  p l a n t s  
t o  t h e  p r e v a i l i n g  env i ronmen ta l  c o n d i t i o n s ,  p a r t i c u l a r l y  i n  t h e  v e r y  extended n a t u r e  
o f  t h e  p l a n t  r o o t  systems. Compet i t i on  i s  i n t e n s e ,  because a g i v e n  s u r f a c e  area can 
suppor t  o n l y  a l i m i t e d  number o f  i n d i v i d u a l  p l a n t s .  I n  these c o n d i t i o n s ,  t h e  sponta- 
neous p l a n t  cover,  w i t h  i t s  r e g u l a r  d i s t r i b u t i o n  o f  t u f t s ,  resembles g r e a t l y  an 
e x t e n s i v e  p a s t u r e  l a n d  i n  appearance, and i s ,  i n  f a c t ,  i n v a r i a b l y  e x p l o i t e d  as such. 
I n  t h e  Sahel t h e r e f o r e  p l a n t  cover  and g r a z i n g  l ands  can be taken  synonymously. 

The pas tu res  o f  t h e  n o r t h e r n  Sahel  may be d i s t i n g u i s h e d  f r o m  those  o f  t h e  sou the rn  
Sahel  acco rd ing  t o  t h e  ma jo r  b iogeograph ic  d i v i s i o n s .  

THE NORTHERN SAHEL 

I n  these reg ions ,  t h e  v e r y  l o w  r a i n f a l l  suppor t s  a s t e p p e - l i k e  herbaceous vege- 
t a t i o n ;  each tu f t  i s  separated f rom i t s  ne ighbour  by b a r e  ground, and t h e  v e g e t a t i o n  
cover rep resen ts  l e s s  than  30% o f  t h e  t o t a l  l a n d  su r face .  

"Panicum turgidum" pas tme s 

T h i s  t a l l  Gramineae i s  remarkably  adapted t o  t h e  c o n d i t i o n s  o f  t h e  n o r t h e r n  
Sahel, s i n c e  i t  i s  t h e  o n l y  species w i t h  buds a t  t h e  l e v e l s  o f  i n s e r t i o n  o f  t h e  b i g  
b lades .  These buds, w h i c h , a r e  p r o t e c t e d  by sheaths,  emerge f r o m  t h e i r  dormant s t a t e  
w i t h  t h e  onset  o f  t h e  f i r s t  r a i n s .  The p l a n t  t h u s  becomes green w i t h i n  a p e r i o d  o f  
a few days. I n  a d d i t i o n ,  sand i s  t rapped  a t  t h e  base o f  t h e  p l a n t ,  f a c i l i t a t i n g  t h e  
f o r m a t i o n  o f  shoots wh ich  remain green l o n g e r  t h a n  the  p a r e n t  p l a n t .  

Panicum turgidum i s  much sought a f t e r  by t h e  p a s t o r a l i s t s ,  and i s  r e l i s h e d  by 
a l l  domest icated h e r b i v o r e s ,  as w e l l  as t h e  w i l d  ungu la tes .  I n  e f f e c t ,  t h i s  spec ies 
c o n s t i t u t e s  t h e  b a s i c  food  source o f  addax and o r y x .  

"Cyperus conglomeratus I f  pastures 

T h i s  t ype  o f  p a s t u r e  i s  found on coarse and p o o r e r  s o i l s  (e.g. i n  piedmont 
zones) than  i s  t h e  case f o r  Panicum turgidum p a s t u r e s .  The v a l u e  o f  t h e  p a s t u r e s  i s  
a l s o  i n f e r i o r ;  t h e  p e r s i s t e n t  l eaves  o f  Cyperus, which a r e  r e s i s t a n t  t o  d rough t ,  
c o n s t i t u t e  a f o r a g e  r e s e r v e  o f  r e l a t i v e l y  i n d i f f e r e n t  q u a l i t y .  

" A r i s t i d a  Zongif lora"  pastures 

A r i s t i d a  Zongi f lora i s  a Gramineae o f  t h e  sub -deser t i c  zones, wh ich  i s  b e s t  
conserved i n  s i t u ,  i n  a d r y  s t a t e .  As such, i t  c o n s t i t u t e s  a r e a d i l y  a v a i l a b l e  and 

* 
F o r  re fe rences ,  see pages 38-40. 
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r e l a t i v e l y  abundant source o f  forage,  due t o  numerous u p r i g h t  ans p e r s i s t e n t  culms. 
T h i s  t y p e  o f  p a s t u r e  i s  o f t e n  improved by t h e  presence o f  a leguminous p l a n t ,  
Rhynchosia memnonia. 

" A r i s t i d a  acu t i f l o ra "  pastures 

A r i s t i d a  acu t i f zora  i s  found a t  t h e  bo rde rs  o f  d e s e r t s .  I t  f l o w e r s  and f r u i t s  
under  t h e  i n f l u e n c e  o f  t h e  t r o p i c a l  r a i n s .  Growth i s  con t inued  d u r i n g  t h e  w i n t e r ,  
thanks t o  d r o p l e t s  o f  dew wh ich  a re  t rapped  i n  t h e  f i n e  h a i r s  t h a t  cover  t h e  b a s a l  
sheaths.  A r i s t i d a  a c u t i f l o r a  i s  t h e  c h a r a c t e r i s t i c  p l a n t  o f  t h e  t r a n s i t i o n a l  zone 
between t h e  n o r t h e r n  Sahel  and t h e  Sahara. 

I t s  p r e f e r r e d  h a b i t a t  i s  depress ions between dunes. I t s  r o o t s  a re  sheathed i n  
a c a s i n g  o f  a g g l u t i n a t e d  sand g r a i n s ,  s i m i l a r  t o  t h a t  found i n  psammophi l ic  ( o r  sand 
l o v i n g )  spec ies .  

The species p r o v i d e s  good food  f o r  camels, g a z e l l e s  and addax ante lopes.  

Pastures of the wadis 

The banks o f  wadis suppor t  t h e  o n l y  shrubs and t h e  r a r e  t r e e s  t h a t  a r e  t o  be 
found i n  t h e  n o r t h e r n  S a h e l i a n  zone. - T h i s  woody s t ra tum, r e s t r i c t e d  i n  na tu re ,  r e t a i n s  
i t s  f o l i a g e  f o r  a c e r t a i n  p e r i o d  a f t e r  t h e  r a i n s  and i s  a source o f  a t t r a c t i o n  f o r  
camels and goats  p a r t i c u l a r l y .  

Among t h e  r i v e r i n e  species,  men t ion  should be made o f  Ziziphus maur i t ian ia ,  
Acacia raddiana, Balan i tes aegyptiaca, Maerua c rass i fo l i a ,  Combretwn aculeatwn. 

THE SOUTHERN SAHEL 

The passage f rom t h e  n o r t h e r n  t o  t h e  sou the rn  Sahel  i s  marked b y  a change i n  t h e  
d i s t r i b u t i o n  o f  t h e  t r e e  cover,  a steppe-type landscape w i t h  t r e e s  concen t ra ted  a long  
watercourses merg ing i n t o  a bush o r  t r e e  savanna i n  wh ich  t r e e s  a r e  d i s p e r s e d  through- 
o u t  t h e  landscape. A t  t h e  same t ime, t h e  annual  herbaceous s t r a t u m  takes on a g r e a t e r  
importance, and forms a cont inuous ground cover  d u r i n g  the. r a i n y  season. T h i s  i s  t h e  
c e n t r e  o f  t h e  l i v e s t o c k  b r e e d i n g  coun t ry .  

I t  would b e  d i f f i c u l t  t o  env isage a zone t h a t  more j u s t i f i e d  t h e  d e s c r i p t i o n  o f  
"a r e g i o n  o f  seasonal  extremes", s i n c e  t h e  c o n t r a s t  between t h e  r a i n y  and t h e  d r y  
seasons c o u l d  n o t  b e  more s t r i k i n g .  

Wet season pastures 

D u r i n g  t h e  r a i n y  season, t h e  young, tender  Gramineae m u l t i p l y  i n  a l l  areas where 
t h e r e  i s  a tendency f o r  wa te r  t o  s tagnate.  T h i s  i s  so, f o r  example, i n  t h e  l y w - l y i n g  
loamy areas, where t h e  growths o f  EchinochZoa colona (up t o  1 O00 shoots / m ) o r  o f  
Panicum Zaetwn a r e  i n v a r i a b l y  consumed w i t h  r e l i s h  by t h e  l a r g e  h e r b i v o r e s .  

These s t r i c t l y  annual  spec ies  a r e  endowed w i t h  such v i t a l i t y  t h a t  even under 
heavy g raz ing ,  t hey  produce l a r g e  enough numbers o f  seeds t o  ensure r e p r o d u c t i v e  
success, as l o n g  as t h e  s u b s t r a t e  remains s u f f i c i e n t l y  m o i s t .  In  theo ry ,  and a t t e n d a n t  
o n  t h e  adequacy o f  t h e  f o l l o w i n g  r a i n s ,  t h e  c o n t i n u i t y  o f  t h e  species f r o m  one yea r  
t o  ano the r  i s  l a r g e l y  assured th rough  t h e i r  massive p r o d u c t i o n  o f  seeds. However, 
shou ld  an e a r l y  and i s o l a t e d  f a l l  o f  r a i n  provoke t h e  mass g e r m i n a t i o n  o f  seeds, t h e n  
d i f f i c u l t i e s  may a r i s e .  Thus, t h e  occurrence o f  a l o n g  d r y  p e r i o d  f o l l o w i n g  precocious 
r a i n f a l l  and g e r m i n a t i o n  (as happened i n  N i g e r  r e c e n t l y ,  f o r  example) may r e s u l t  i n  
t h e  dea th  o f  t h e  dehydrated p l a n t u l e s  b e f o r e  they  have had t i m e  t o  f l o w e r  and f ru i t .  
Most annual  spec ies o f  t h e  sou the rn  Sahel  a re  hygrophytes,  r e q u i r i n g  permanent 
m o i s t u r e  and b e i n g  unable t o  w i t h s t a n d  dry c o n d i t i o n s .  The r e c e n t  drought ,  accompanied 
by i s o l a t e d  and o f t e n  e a r l y  r a i n s ,  has thus r e s u l t e d  i n  a thinning o u t  o f  Sahe l i an  
pas t u r e s .  
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O n  t h e  o t h e r  hand, t h e  herbaceous p l a n t s  wh ich  grow o n  s t a b i l i s e d  dunes a r e  
l e s s  prone t o  v a r i a t i o n s  i n  a i r  h u m i d i t y  l e v e l s .  T h i s  i s  because t h e  sand remains 
more o r  l e s s  m o i s t  a t  depth,  and t h e  young p l a n t  can r e t a i n  i t s  wa te r  ba lance  b y  
ex tend ing  t h e  l e n g t h  o f  i t s  r o o t  system. 

I n  a d d i t i o n ,  t h e  psammophi l ic  p l a n t s ,  much more t h a n  those o f  hydromorphic  s o i l s ,  
a r e  capable o f  r e p r o d u c i n g  a t  a young stage, and i n  t h i s  case o n l y  a l i m i t e d  number 
o f  seeds a r e  produced. T h i s  "neotenic"  a b i l i t y  i s  an i n v a l u a b l e  a d a p t a t i o n  t o  c l i m a t i c  
r i s k s .  T h i s  c a p a b i l i t y  i s  shared b y  many species o f  Brach iar ia  (e.g. Brach ia r ia  
hagerupi i ,  Brach ia r ia  defZexa), wh ich  a re  a v i d l y  sought by l i v e s t o c k ,  as w e l l  as - 
t o  a c e r t a i n  e x t e n t  - t h e  "cram cram" (Cenchrus b i f l o m s ) .  

D r y  season pastures and t h e i r  response t o  prolonged drought 

These pas tu res  a r e  o f  c r u c i a l  impor tance s i n c e  they  must assure t h e  f e e d i n g  o f  
l i v e s t o c k  d u r i n g  t h e  extended dry season. They comprise f l o o d w a t e r  ( o r  " f l o o d - r e t r e a t " )  
pas tu res ,  d r y  herbage pas tu res ,  as w e l l  as areas wh ich  p r o v i d e  f o r a g e  th rough  a r b o r e a l  
f o l i a g e .  

Floodwater pas t u r e  s 

These f l o o d - r e t r e a t  pas tu res  ("pâturages de décrue") a r e  o f  i n e s t i m a b l e  v a l u e  
f o r  t h e  l a r g e  h e r b i v o r e s  s i n c e  t h e y  possess t h e  c a p a c i t y  - o f  u tmost  impor tance i n  
a r i d  areas - o f  b e i n g  a b l e  t o  m a i n t a i n  g rowth  as l o n g  as t h e r e  i s  s u r f a c e  wa te r  
a v a i l a b l e ,  and even as l o n g  as t h e  s o i l  remains m o i s t .  A t  t h e  b e g i n n i n g  o f  t h e  d r y  
season (and sometimes l a t e  i n  t h i s  season when t h e r e  i s  a c o n s i d e r a b l e  r e s e r v e  o f  
wa te r ) ,  these pas tu res  p r o v i d e  a h i g h  biomass o f  p l a n t  m a t e r i a l ,  a lmost  always 
comprised o f  h i g h l y  n u t r i t i v e  species.  These spec ies  a r e  h e l i o p h y t e s  which, d u r i n g  
t h e  growth p e r i o d ,  i s s u e  l e a f y  shoots  f rom rhizomes b u r i e d  i n  t h e  s i l t y  s u b s t r a t e .  
The i n l a n d  N i g e r  d e l t a  remains a k e y  a rea  f o r  s tockb reed ing  i n  t h i s  r e g i o n ,  and p r o -  
v i d e s  f o r  l i v e s t o c k  a superabundance o f  l eaves  and l e a f  t i p s  o f  "bourgou" (Echino- 
chloa s tagnina)  and o f  t h e  c l o s e l y  r e l a t e d  species,  EchinochZoa pyramidal is .  These 
f l o o d w a t e r  zones, f e d  b y  t h e  wa te rs  o f  t h e  m a j o r  r i v e r s  (Senegal, N i g e r ,  Char i )  wh ich  
r i s e  i n  t h e  mountainous m a s s i f s  o f  t h e  humid t r o p i c a l  zone o f  A f r i c a ,  a r e  t h u s  
b u f f e r e d  f rom t h e  e f f e c t s  o f  l a r g e  annual  v a r i a t i o n s  i n  c l i m a t e .  T h i s  i s  n o t  t h e  case 
f o r  t h e  temporary r i v e r s  o r  wadis, wh ich  f o l l o w  a s inuous course ove r  t h e  landscape, 
o f t e n  c o v e r i n g  a d i s t a n c e  o f  s e v e r a l  hundred k i l o m e t r e s  i n  t h e  p l a i n s .  These water-  
courses a re  c o n s t i t u t e d  b y  r a i n f a l l  t h a t  occurs i n  t h e  r e g i o n  i t s e l f ,  and i r r i g a t e  
q u a l i t y  p a s t u r e s  wh ich  suppor t  l i v e s t o c k  f o r  a c e r t a i n  p e r i o d  d u r i n g  t h e i r  s o u t h e r l y  
m i g r a t i o n .  W i t h  t h e  p resen t  s e r i e s  o f  d r y  years,  a number o f  these p a s t u r e s  have n o t  
been a v a i l a b l e  f o r  e x p l o i t a t i o n  b y  c a t t l e .  T h i s  has p r e c i p i t a t e d  s t i l l  more t h e  
r e t r e a t  o f  l i v e s t o c k  towards t h e  south,  and a t  t h e  same t i m e  has meant t h a t  a range 
o f  p a l a t a b l e  species,  such as c e r t a i n  species o f  Panicum and Cyperus (Pycreus 
t remulus) ,  w i l l  n o t  be u t i l i z e d ,  t o  t h e  g r e a t  d e t r i m e n t  o f  t h e  consumers. 

D r y  herbage pastures 

S a h e l i a n  l i v e s t o c k  i n g e s t  dry herbage f o r  more t h a n  h a l f  t h e  yea r .  They can 
s u b s i s t  q u i t e  adequate ly  on t h i s  d i e t .  However, a l l  graminaceous p l a n t s  do n o t  f u r n i s h  
t h e  same q u a l i t y  o f  dry herbage. The s t r a w  shou ld  n o t  be coarse, and i s  r e l i s h e d  a l l  
t h e  more i f  i t  c a r r i e s  remnants o f  d r i e d  l eaves  and i n f l o r e s c e n c e s  wh ich  s t i l l  c o n t a i n  
s t a r c h - r i c h  seeds. 

" A r i s t i d a  mutabiZ is /Eragrost is  tremula" pastures.  These two l i t t l e - d e m a n d i n g  gramina- 
ceous species cover,  i n  a s s o c i a t i o n  one w i t h  t h e  o the r ,  e x t e n s i v e  areas between 
sou the rn  Senegal and Chad, p r o d u c i n g  a v e r y  s i m i l a r  d r y  we igh t  biomass across t h i s  
range. Thus, an above ground biomass o f  590 k g l h a  has been r e p o r t e d  i n  Senegal (More l  
and B o u r l i è r e ,  1962) and a biomass o f  600 k g l h a  i n  1961 i n  Kanem, Chad ( G i l l e t ,  1967).  
Whether r a i n f a l l  i s  h i g h  o r  low, i t  seems t h a t  these two sub -deser t i c  Gramineae a r e  
a lmost  i n v a r i a b l y  a b l e  t o  r i p e n  and t o  f u r n i s h  d r y  s t raw.  
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"SchoenefeZdia graciZis" pastures.  T h i s  Gramineae, much r e l i s h e d  by l i v e s t o c k ,  occu rs  
p a r t i c u l a r l y  on somewhat compacted, sandy loam s o i l s .  T h i s  species i s  more demanding 
i n  i t s  wa te r  requi rements t h a n  t h e  above two species,  and as such i t s  l e v e l s  o f  p ro -  

. d u c t i v i t y  a r e  more s e n s i t i v e  t o  v a r i a t i o n s  i n  c l i m a t e .  Thus, t h i s  species can produce 
more t h a n  one ton /ha  o f  d r y  s t r a w  d u r i n g  a normal  year,  but t h i s  p r o d u c t i o n  i s  much 
reduced in  a t ime  o f  drought .  Thus, i f  t h e  r a i n s  a re  feeb le ,  i n d i v i d u a l s  o f  t h i s  
species w i l l  l i m i t  t h e i r  development t o  1-2 shoots,  i n s t e a d  o f  t h e  5-6 shoots t h a t  
a r e  u s u a l l y  produced f rom b a s a l  suckers ( i s s u e  o f  new growth a t  t h e i r  c o n t a c t  w i t h  
t h e  s o i l ) .  

Pastwles of the " A r i s t i d a  paZZida" group. T h i s  t a l l - g r o w i n g  Gramineae i s  p e r e n n i a l  
and c e s p i t o s e  i n  n a t u r e .  A f t e r  t h e  a c t i v e  growth pe r iod ,  i t  p e r s i s t s  i n  a ske. leta1 
fo rm o f  h a r d  and cor iaceous straw, i g n o r e d  by t h e  c a t t l e .  I t  i s  xeromorphic and 
r e s i s t a n t  t o  drought ,  and thus tends t o  encroach southwards a f t e r  a s e r i e s  o f  d r y  
years.  I t  has a low a g r o s t o l o g i c a l  v a l u e  and i t s  e x t e n s i o n  impover ishes h a b i t a t s  
more t h a n  i t  en r i ches  them. Moreover, i t s  d r i e d  s t a l k s  c a t c h  f i r e  e a s i l y .  

ArboreaZ pasturage : forage t rees  

The leaves o f  c e r t a i n  evergreen t r e e s  c o n s t i t u t e  i n v a l u a b l e  fo rage  resources 
d u r i n g  t h e  d r y  season. The c a t t l e  consume these leaves w i t h  r e l i s h ,  though i t  i s  t h e  
w i l d  h e r b i v o r e s ,  and e s p e c i a l l y  t h e  gaze l l es ,  t h a t  a re  p a r t i c u l a r l y  a v i d  feeders on 
t h i s  food  source. The r o l e  o f  these leaves i s  c r u c i a l  s ince ,  i n  t h e  m i d d l e  o f  t h e  
d r y  season, they  a re  o f t e n  t h e  s o l e  source o f  green fo rage  and p r o t e i n s .  O n  weight -  
f o r -we igh t  terms, t h e  leaves o f  t r e e s  a r e  much more n u t r i t i v e  t h a n  d r y  hay. 

TruZy evergreen t r e e s .  These t r e e s  n o r m a l l y  conserve t h e i r  l eaves  throughout  t h e  
e n t i r e  yea r .  The two main species a r e  t h e  sp inescent  Balani tes aegyptiaca and t h e  
t h o r n l e s s  Maerua c r a s s i f o l i a .  The p r o t e i n  con ten t  o f  t h e  l eaves  i s  h i g h .  Thus, 
analyses under taken b y  t h e  N u t r i t i o n  L a b o r a t o r y  o f  " I n s t i t u t  d 'é levage  e t  de médecine 
v é t é r i n a i r e  pou r  l e s  pays t rop i caux ' '  (IEMVT) have shown t h e  p r o t e i n  con ten t  o f  
Balan i tes  leaves t o  be 30% o f  t h e  t o t a l  d r y  m a t t e r  we igh t .  The e q u i v a l e n t  measure 
f o r  Maerua l eaves  i s  21%. These t r e e s  a r e  much sought a f t e r  i n  p a s t u r e  areas, t h e  
young, a c c e s s i b l e  l eaves  b e i n g  snapped up almost as soon as they  appear on t h e  t r e e s .  
BaZanites, i f  i t  has n o t  managed t o  develop a l e a d i q g  shoot which i s  p r o t e c t e d  f rom 
t h e  i n f l u e n c e  o f  l i v e s t o c k ,  takes on a b u s h - l i k e  h a b i t ,  covered w i t h  sharp spines. 
I n  s i m i l a r  c i rcumstances,  t h e  branches o f  Maerua become t a n g l e d  up i n e x t r i c a b l y ,  
f o r m i n g  a t o r t u o u s  ne twork  o f  woody t i s s u e s .  Given t h e  p resen t  c o n d i t i o n  o f  most 
Sahe l i an  pas tu res ,  these t r e e s  a r e  f i n d i n g  t h e  utmost  d i f f i c u l t y  i n  e f f e c t i n g  regene- 
r a t i o n ;  t h e  young p l a n t s  a r e  c o n t i n u a l l y  b e i n g  m u t i l a t e d  and never  manage t o  develop 
p r o p e r l y .  The c u r r e n t  d rough t  has s e r i o u s l y  aggravated t h e  s i t u a t i o n ,  and a most 
u s e f u l  measure would b e  t o  ensure t h e  development o f  t h e  young p l a n t s  b y  making enc lo-  
sures un t i l  t h e y  have a t t a i n e d  an a p p r o p r i a t e  s i z e .  

Deciduous t rees .  +ost f o rage  t r e e s  i n  t h e  Sahel l o s e  t h e i r  l eaves  a t  t h e  b e g i n n i n g  
o f  t h e  dry  season . T h i s  i s  t h e  case, among t h e  most commonly consumed t rees ,  f o r  
Commiphora afr icana, a l l  spec ies o f  Grewia, Ziziphus, Cordia r o t h i i  and Combretwn 
acuzeatwn. Other  species,  however, such as c e r t a i n  species o f  Acacia (A .  raddiana) 
and t h e  tamarind, m a i n t a i n  t h e i r  f o l i a g e  d u r i n g  p a r t  o f  t h e  d r y  season, a t  l e a s t  i n  
normal  years.  The p r o t e i n - r i c h  (20% o f  t o t a l  d r y  m a t t e r )  leaves o f  Acacia spp. a r e  
much sought a f t e r .  D u r i n g  a normal  year,  t h e  gap in  food  s u p p l i e s  i s  b r i d g e d  b y  i n d i -  
v i d u a l  t r e e s  wh ich  remain i n  l e a f ;  these t r e e s  a r e  u s u a l l y  those growing in  l o w - l y i n g  
depress ions.  However, i n  a v e r y  d r y  year, even such t r e e s  shed t h e i r  l eaves  p rematu re l y  
and appear t o  d i e .  The fo rage  a v a i l a b l e  f rom t h e  t r e e  l a y e r  i s  consequent ly  much 
reduced. D u r i n g  these p e r i o d s ,  when a l l  herbaceous v e g e t a t i o n  has disappeared, t h e  
herdsmen a re  tempted t o  prune t h e  l i v i n g  t r e e s  i n  o r d e r  t o  p r o v i d e  t h e i r  c a t t l e  and 
goats  w i t h  f r e s h  f o l i a g e .  The t r e e s  a r e  thus amputated so s e v e r e l y  t h a t  t h e y  cannot 
regenerate.  The disappearance o f  t h e  t r e e s  a c c e l e r a t e s  t h e  processes o f  d e s e r t i f i -  
c a t i o n ,  and d e p r i v e s  t h e  h e r b i v o r e s  o f  a r e f u g e  a g a i n s t  t h e  h e a t  o f  t h e  sun as w e l l  

* 
B i l l e  ( 1 9 7 2 ,  1 9 7 3 )  has shown t h a t  i n  t h e  n o r t h  o f  Senegal t h e  woody s t r a t u m  can supply  
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as t h e  patches o f  much r e l i s h e d  s m a l l e r  p l a n t s  wh ich  grow i n  t h e  shade p r o v i d e d  by 
t r e e s ,  These p l a n t s ,  cushioned a g a i n s t  t h e  s t r e s s e s  o f  extreme a r i d i t y ,  a r e  more 
p r o d u c t i v e  t h a n  those growing i n  f u l l y  open areas. 

Trees have been g r e a t l y  a f f e c t e d  b y  t h e  r e c e n t  p ro longed  drought ,  p a r t i c u l a r l y  
i n  t h e  years f rom 1 9 7 1  onwards. In c e r t a i n  areas o f  N i g e r  and Chad, more t h a n  50% 
o f  Acacia raddiana i n d i v i d u a l s  have d ied .  I n  t h e  e a s t e r n  p a r t s  o f  Chad, numerous 
Capparis decidua have pe r i shed ,  m a i n l y  due t o  t h e  l o w e r i n g  o f  t h e  wa te r  t a b l e .  

The c r e a t i o n  o f  a s o r t  o f  green b e l t  t o  h a l t  t h e  encroachment o f  t h e  d e s e r t  
i n t o  t h e  Sahel  has been contemplated i n  c e r t a i n  q u a r t e r s .  .Th is  p r o j e c t ,  c a l l e d  t h e  
"do rsa le  v e r t e "  ("green windbreak")  b y  J .  G a l l a i s  o f  t h e  U n i v e r s i t y  o f  Rouen, would 
c e r t a i n l y  appear t o  b e  a somewhat u t o p i c  i d e a .  The problems i n v o l v e d  i n  e s t a b l i s h i n g  
a v a s t  programme o f  t r e e  p l a n t a t i o n s  o n  a v e r y  l a r g e  s c a l e  would appear immense, 
p a r t i c u l a r l y  as regards t h e  d i f f i c u l t i e s  o f  e n s u r i n g  t h e  necessary p r o t e c t i o n  o f  
t h e  young shoots a g a i n s t  t h e  a c t i v i t i e s  o f  l i v e s t o c k  and w i l d  an imals .  

Another p o s s i b i l i t y ,  wh ich  a l s o  c a l l s  f o r  a u t h o r i t a t i v e  measures, would b e  t o  
e s t a b l i s h  a cordon o f  s y l v o - p a s t o r a l  rese rves ,  i n  wh ich  e x p l o i t a t i o n  would be s t r i c t l y  
c o n t r o l l e d .  Regenerat ion w i t h i n  p r o t e c t e d  enc losures occurs r a p i d l y  i n  t h e  Sahel .  
T h i s  process has been demonstrated on many occasions, f o r  example i n  t h e  p l o t s  o f  t h e  
I n s t i t u t  f r a n ç a i s  d ' A f r i q u e  N o i r e  (IFAN) i n  M a u r i t a n i a .  These rese rves  cou ld ,  
a c c o r d i n g l y ,  rep resen t  i m p o r t a n t  b u f f e r s  a g a i n s t  t h e  e f f e c t s  o f  d rough t .  I n  conc lus ion ,  
t r e e  p r e s e r v a t i o n  and p r o t e c t i o n  should b e  t h e  b a s i c  t e n e t  f o r  a l l  e c o l o g i c a l  l a n d  
use o p e r a t i o n s  i n  t h e  Sahel. 

APTITUDE OF PASTURES FOR DIFFERENT ANIMAL SPECIES 

Domestic Zivestock 

Came 2s 

The camel i s  t h e  an ima l  o f  t h e  t r u e  nomad, t h e  " s h i p  o f  t h e  dese r t " ,  whose 
modest t h i r s t  has become legendary.  I f  o b l i g e d  t o  e a t  d r y  food  and t o  cover  25-30 k m  
p e r  day, t h e  camel needs t o  e a t  d a i l y  and t o  a s s i m i l a t e  wa te r  eve ry  3-4 days. I t  
p r e f e r s  t o  browse f r o m  woody v e g e t a t i o n ,  p a r t i c u l a r l y  i n  t h e  d r y  season, and t h e  
leaves o f  Acacia raddiana a r e  i t s  f a v o u r i t e  food. The camel can w i t h s t a n d  p ro longed  
drought  as l o n g  as i t  i s  a b l e  t o  d r i n k .  I t  w i l l  l o s e  body we igh t ,  but  w i l l  s u r v i v e  
i f  n o t  exhausted by excess ive e f f o r t .  

Goats 

The goat  consumes a l a r g e  v a r i e t y  o f  p l a n t  spec ies and p l a n t  t i s s u e s ,  even those 
wh ich  a re  t o x i c  t o  o t h e r  an imals  (e.g. t h e  s w o l l e n  capsules o f  Calo t rop is  p roce ra ) .  
I t s  a c t i o n  i s  p e r n i c i o u s  s i n c e  i t  feeds p r e f e r e n t i a l l y  on buds, and no p l a n t  escapes 
i t s  a t t e n t i o n ,  b e  i t  herbaceous p l a n t ,  bush, shrub o r  even t r e e .  Through i t s  impact 
o n  t h e  c a p a c i t y  f o r  r e g e n e r a t i o n  o f  t h e  v e g e t a t i o n ,  t h e  goat  has a r u i n o u s  e f f e c t  
o n d e g r a d e d v e g e t a t i o n  and a c c e l e r a t e s  t h e  d e s t r u c t i o n  o f  t h e  p l a n t  cover .  O n  r o c k y  
s lopes,  where t h e  v e g e t a t i o n  i s  m a i n l y  comprised o f  chasmophyt ic chamaephytes, t h e  
goat  i s  a b l e  t o  e x p l o i t  p l a n t  m a t e r i a l  which escapes t h e  a t t e n t i o n  o f  o t h e r  species,  
w i l d  sheep and daman ( r o c k  badger)  excepted. I n  such t e r r a i n ,  t h e  goat  i s  managed t o  
p r o v i d e  m i l k ,  meat, wool  and h i d e  f o r  l o c a l  p o p u l a t i o n s  (Toubou, Gorane), whose 
s tandard o f  l i v i n g  i s  c e r t a i n l y  one o f  t h e  l o w e s t  i n  t h e  w o r l d .  

Sheep 

The a c t i o n  o f  sheep o n  v e g e t a t i o n  ba lance  i n  t h e  Sahel  i s  l e s s  marked t h a n  i n  
European zones. C e r t a i n l y ,  t h e  sheep graze c l o s e l y  t h e  t u f t s  o f  herbaceous p l a n t s ,  
b u t  t hey  a r e  n o t  as r e s t r i c t e d  i n  t h e i r  f e e d i n g  h a b i t s  as a r e  c a t t l e .  They i n g e s t  
c e r t a i n  sp inescen t  Gramineae wh ich  a r e  i g n o r e d  by c a t t l e  (e.g. Sporolobus spicatus, 
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Panicum repens, hard, r e j e c t e d  p a r t s  o f  p e r e n n i a l  A r i s t i d a  spp.), as w e l l  as s p i k e y  
Cyperaceae such as Cypems tremulus. I n  a d d i t i o n ,  t h e y  consume c e r t a i n  legumes which, 
f o r  reasons t h a t  a r e  d i f f i c u l t  t o  e x p l a i n ,  a r e  i n g e s t e d  o n l y  v e r y  r a r e l y  by c a t t l e .  
Thus sheep curb t h e  development o f  s e v e r a l  spec ies wh ich  t h r e a t e n  t o  o v e r r u n  c e r t a i n  
S a h e l i a n  p a s t u r e s  (e.g. C r o t a l a r i a  atrombens, C. podocarpa, C. microcarpa, Ind igofera 
as t raga l ina ,  I. secund i f lo ra ) .  The h a r m f u l  a c t i o n s  o f  sheep r e s i d e  more i n  t h e i r  
g regar ious  i n s t i n c t s  t h a n  i n  t h e i r  f e e d i n g  regimes. C a t t l e  and sheep a r e  n o t  necessa- 
r i l y  c o m p e t i t i v e ,  as l o n g  as each species i s  herded on t h e  pas tu res  which s u i t  i t  b e s t  

Horses 

Horses a r e  t h e  l e a s t  r o b u s t  o f  a l l  domest icated animals .  The f a s t  saddle horses,  
capable f o r  example o f  o v e r t a k i n g  o r y x  and b r i n g i n g  them t o  bay, a r e  t r e a t e d  w i t h  
g r e a t  ca re  and a t t e n t i o n .  The most l u x u r i a n t  pas tu res  a r e  rese rved  f o r  t h e i r  use. 
Horses a r e  p a r t i c u l a r l y  f ond  o f  s o f t  stems, f o r  example o f  t h e  m i l l e t  (Pennisetum) 
b e f o r e  t h e  f o r m a t i o n  o f  seed heads, and c e r t a i n  tender  herbaceous species growing 
i n  we t land  areas, such as t h e  young growth o f  Panicum Zongijubatum. The p a s t o r a l i s t s  
a r e  w e l l  aware o f  t h i s  p re fe rence ,  and they  c u t  t h e  hay o f  Panicwn, l a y i n g  i t  o u t  
t o  dry o n  r a c k s  o r  o n  t h e  branches o f  t r e e s .  The hay i s  c u t  a t  t h e  most oppor tune 
t ime, a l i t t l e  b e f o r e  seed r i p e n i n g  when t h e  Panicum reaches i t s  maximal n u t r i t i v e  
va lue .  Such p r a c t i c e s  c o u l d  w e l l  be extended i n  humid range land  areas. They would 
enable t h e  p l a n t  p r o d u c t i o n  which i s  concen t ra ted  i n  a s h o r t  t ime p e r i o d  (no more 
t h a n  f i v e  weeks) t o  b e  consumed ove r  a p e r i o d  o f  s e v e r a l  months. Genera l l y  speaking, 
ho rses  graze t h e  herbage d u r i n g  t h e  favourab le  season, and consume hay d u r i n g  t h e  
remainder o f  t h e  yea r .  

C a t t l e  

See chap te r  o n  p a s t u r e s  and l i v e s t o c k  i n  t h e  Sahel. 

W i  l d l i  f e  

General s ta tus  

I n  t h e  n o r t h  o f  t h e  Sahel, nea r  t h e  sou the rn  b o r d e r  o f  t h e  Sahara, i s  found t h e  
addax, t h a t  most abstemious o f  a l l  t h e  ante lopes which f i n d s  i t s  subs i s tence  i n  t h e  
sparse t u f t s  o f  A r i s t i d a  ( p a r t i c u l a r l y  A r i s t i d a  a c u t i f l o r a ) .  A l i t t l e  f u r t h e r  t o  t h e  
south,  he rds  o f  o r y x  roam t h e  Panicum turgidum steppes, s a f e  f r o m  any p r e d a t o r s  
a p a r t  f rom a few hordes o f  Cynhyenas. S c a t t e r e d  groups o f  Dorcas g a z e l l e  (GazeZZa 
dorcas) a l s o  roam t h e  a rea  sea rch ing  f o r  c lose-cropped swards i n  t h e  depress ions o f  
dunes o r  f o r  t h e  dense f o l i a g e  o f  young Maerua c r a s s i f o l i a .  A l l  these animals can 
s u r v i v e  l o n g  p e r i o d s  w i t h o u t  d r i n k i n g ,  t h e i r  m o i s t u r e  needs b e i n g  s a t i s f i e d  b y  a s s i -  
m i l a t i o n  o f  t h e  e a r l y  morn ing dew wh ich  c o l l e c t s  on p r o s t r a t e  herbaceous p l a n t s .  
Moreover, c l i m a t i c  v i c i s s i t u d e s  do n o t  u s u a l l y  induce g r e a t  s u f f e r i n g  f o r  these w i l d  
h e r b i v o r e s .  Today, t h i s  s i t u a t i o n  has changed somewhat. The numbers o f  domest ic l i v e -  
s t o c k  have inc reased  cons ide rab ly .  The p a s t o r a l i s t s  have taken  possess ion o f  t h e  
b e s t  pas tu res ,  o f t e n  on a permanent b a s i s  thanks t o  t h e  i n s t a l l a t i o n  o f  deep, and 
r e g u l a r l y  spaced, boreholes.  

An te lopes  and g a z e l l e s  a re  hunted w i t h o u t  r e s p i t e  p r a c t i c a l l y  everywhere. The 
numbers o f  f i r e a r m s  have inc reased  t o  d i s q u i e t i n g  p r o p o r t i o n s ,  and o f t e n  gamehunting 
i s  c a r r i e d  on i n  t h e  absence o f  p r o p e r  c o n t r o l s  f r o m  t h e  back o f  cross-country  v e h i c l e s  
( in  M a u r i t a n i a  and M a l i ,  f o r  example). W i l d l i f e  i s  t h e r e f o r e  i n  d e c l i n e  throughout  t h e  
zone. Thus, during a r e c e n t  (December 1973) v i s i t  t o  t h e  n o r t h  o f  M a u r i t a n i a ,  
Th. Monod d i d  n o t  observe a s i n g l e  g a z e l l e  i n  an a rea  where, s c a r c e l y  t e n  years 
p r e v i o u s l y ,  h e  had seen a score and more o f  these animals .  I n  c e r t a i n  reg ions ,  w i l d -  
l i f e  i s  on t h e  p o i n t  o f  d i s a p p e a r i n g  complete ly .  
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Main advantages 

W i l d l i f e  possesses c e r t a i n  advantages ove r  domest ic  l i v e s t o c k .  Thus, t h e  w i l d  
fauna i s  ind igenous t o  t h e  reg ion ,  and as such i s  p a r t i c u l a r l y  w e l l  adapted t o  t h e  
l o c a l  environment.  I t  can w i t h s t a n d  t h e  h a r d s h i p s  o f  t h e  c l i m a t e  much b e t t e r  t h a n  
l i v e s t o c k ,  and can s u r v i v e  l o n g  p e r i o d s  w i t h o u t  drinking. W i l d l i f e  e x e r c i s e s  an 
a lmost  i m p e r c e p t i b l e  impact  o n  t h e  v e g e t a t i o n ,  p l u c k i n g  o u t  t h e  p l a n t  stems w i t h o u t  
harming t h e  v i t a l  p a r t s  o f  t h e  p l a n t .  I t  i n t e r v e n e s  a t  a l l  l e v e l s  o f  t h e  ecosystem 
( l ow  herbaceous l a y e r ,  m i d d l e  s t ra tum, under bushes, t r e e  s t ra tum, e t c . )  and tends 
t o  speed up energy f l o w  and n u t r i e n t  c i r c u l a t i o n  between t h e  v a r i o u s  t r o p h i c  l e v e l s .  
F i n a l l y ,  w i l d l i f e  causes m i n i m a l  d i s t u r b a n c e  t o  t h e  environment and can be used as 
a low-cost  source o f  p r o t e i n s ,  t h e  meat o f  g a z e l l e s  and an te lopes  h a v i n g  a h i g h  
e n e r g e t i c  va lue.  

Disadvantages 

There a r e  a number o f  d i f f i c u l t i e s  i n v o l v e d  in  t h e  sys temat i c  e x p l o i t a t i o n  o f  
w i l d l i f e ,  however. Thus., a m a j o r  p rob lem concerns t h e  s y s t e m a t i c  recove ry  and 
e x p l o i t a t i o n  o f  w i l d l i f e  p r o d u c t i o n .  Wh i le  g a z e l l e s  w i l l  b reed  and develop w i t h o u t  
human ass is tance,  i t  i s  d i f f i c u l t  t o  env isage p r a c t i c a l  methods f o r  c r o p p i n g  t h e  
meat thus produced. A second p rob lem i s  t h a t  o f p a r a s i t i s m .  Deser t  g a z e l l e s  and ante-  
l opes  ha rbour  numerous p a r a s i t e s ;  t h e  s k i n  o f  Dorcas g a z e l l e ,  f o r  example, i s  o f t e n  
p e r f o r a t e d  b y  b o t - f l y  l a r v a e .  F i n a l l y ,  i n  r e l a t i o n  t o  domes t i ca t i on ,  t h e r e  i s  no 
c u r r e n t  ev idence t o  suggest t h a t  t h e  o r y x  and addax, f o r  example, c o u l d  one day b e  
domest icated in  t h e  same way as Zebu c a t t l e .  W i l d l i f e  f a r m i n g  i s  perhaps t h e  o n l y  
way o f  s a v i n g  t h i s '  i n e s t i m a b l e  fauna o f  Sahe l i an  ungu la tes .  An i n i t i a l  phase o f  
e x p e r i n e n t a l  p i l o t  p r o j e c t s ,  aimed a t  t h e  d o m e s t i c a t i o n  o f  o r y x  i n  sma l l - s i zed  
ranches, would c e r t a i n l y  be f o l l o w e d  w i t h  g r e a t  i n t e r e s t .  

SEED PRODUCTION 

The innumerable t u f t s  o f  Gramineae i n  t h e  S a h e l i a n  zone produce a c o n s i d e r a b l e  
amount o f  seeds d u r i n g  t h e  course o f  a normal  yea r .  D u r i n g  t h e  f a v o u r a b l e  season 
( l a t e  September-early October) ,  t h e  s o i l  i s  covered b y  a l l  types o f  seeds and d i a -  
spores, which,  c a r r i e d  b y  t h e  wind, sometimes accumulate t o  a c o n s i d e r a b l e  dep th  
under t u f t s  o r  i n  cracks.  D u r i n g  t h i s  p e r i o d ,  t h e  s m a l l e s t  p o r t i o n  o f  l a n d  i s  c r i s s -  
crossed by t r a i l s  o f  seed-carry ing a n t s .  

2 
B i l l e  and Poupon (1972) e s t i m a t e  t h i s  seed p r o d u c t i o n  t o  b e  5 g /m ( i . e .  50  kg/ha) .  

These two au tho rs  cons ide r  t h a t  o n l y  5% o f  t h i s  p r o d u c t i o n  i s  r e q u i r e d  t o  ensure t h e  
r e c o n s t i t u t i o n  o f  t h e  herbaceous cover .  I f  i t  i s  accepted t h a t  o n l y  10% o f  t h e  seeds 
produced a c t u a l l y  germinate,  t h i s  l eaves  90% o f  t h e  seeds ( t o t a l l i n g  45 kg/ha)  a v a i l -  
a b l e  f o r  use by consumers ( roden ts ,  i n s e c t s ,  g ran ivo rous  b i r d s ) .  T h i s  s u r p l u s  i s  
produced a t  an oppor tuna te  t i m e  t o  feed  t h e  g ran ivo rous  m i g r a t o r y  b i r d s  f rom t h e  
P a l e a r c t i c  Garganeys (Anas querquedula),  i n  p a r t i c u l a r ,  gorge on t h e  seeds o f  Echino- 
ch loa colona, whose s p i k e l e t s  s t a r t  t o  f l a k e  away a t  t h e  v e r y  t ime o f  a r r i v a l  o f  
t h e  ducks. 

Th is  massive p r o d u c t i o n ,  wh ich  l a s t s  o n l y  a few days, i l l u s t r a t e s  t h e  problems 
o f  t h e  ecology o f  t h e  Sahe l i an  zone : s u r p l u s  d u r i n g  a s h o r t  pe r iod ,  and s c a r c i t y  
d u r i n g  t h e  r e s t  o f  t h e  yea r .  A c o n t r o l l e d  and r e g u l a t e d  use o f  t h e  resources  produced 
i s  needed, and t h e  p a s t o r a l  Gorane, f o r  example, b u i l d  up s t o c k s  o f  "kreb" (Panicum 
Zmtum) d u r i n g  t h e  autumn. The g r a i n s  o f  t h i s  p l a n t  a r e  dehusked and used l i k e  
couscous. I n  good years,  t h e  p r o d u c t i o n  o f  "kreb" i s  commerc ia l ised and i s  s o l d  i n  
t h e  markets.  

Other seeds a re  c o l l e c t e d  but a r e  l e s s  sought a f t e r ,  owing t o  t h e i r  s m a l l e r  
s i z e .  Such seeds i n c l u d e  those  o f  Dactyzoctenwn aegyptiwn, Eragros t is  c i l i o n e n s i s  
and E. p i l o s a ,  as w e l l  as those o f  t h e  "cram-cram", Cenchrus b i f l o r u s .  
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PASTURES AND LIVESTOCK IN THE SAHEL+ 
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10, r u e  P i e r r e - C u r i e  
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POSSIBILITIES OF SAHELIAN PASTURES 

The Sahel, s t r i c t l y  de f i ned ,  i s  an a rea  c h a r a c t e r i z e d  by a v e g e t a t i o n  o f  c o n t i -  
nuous thornbush steppe .and d e l i m i t e d  b y  t h e  100-200 mm and 500 mm i s o h y e t s .  

I t s  n o r t h e r n  l i m i t s  r e a c h  t h e  bends o f  t h e  Senegal and N i g e r  r i v e r s  and t h e  no r -  
t h e r n  shore o f  Lake Chad. I t s  sou the rn  boundar ies a r e  t r a c e d  b y  an i r r e g u l a r  l i n e  
r u n n i n g  th rough  Dakar, Mop t i ,  Niamey and Ndjamena. 

To t h e  sou th  o f  t h i s  sou the rn  boundary i s  found t h e  savanna zone o f  p e r e n n i a l  
Gramineae and deciduous shrubs, t h e  Sudanian zone wh ich  i s  m a i n l y  devoted t o  a g r i -  
c u l t u r e .  The l i m i t - f o r  n o n - i r r i g a t e d  crops shou ld  i d e a l l y  n o t  pass much t o  t h e  n o r t h  
o f  t h i s  boundary.  

Th is  Sudanian zone, m a i n l y  g i v e n  over  t o  a g r i c u l t u r e ,  has n e v e r t h e l e s s  an essen- 
t i a l  c o n t r i b u t o r y  r o l e  t o  p l a y  i n  t h e  development o f  t h e  S a h e l i a n  p a s t o r a l  zones. 

P o t e n t i a l  p r o d u c t i v i t y  of Sahe l i a n  pastures 

The p e r i o d  o f  a c t i v e  g rowth  o f  p a s t u r e s  i n  t h e  Sahel  ranges f rom 1 month i n  t h e  
n o r t h  t o  3 months i n  t h e  south.  The growing p e r i o d  s t a r t s  a t  t h e  end o f  June i n  t h e  
south, and a t  t h e  b e g i n n i n g  o f  August i n  t h e  n o r t h ,  a phas ing  which e x p l a i n s  t h e  
n o r t h e r l y  transhumance a t  t h e  s t a r t  o f  t h e  r a i n s .  

The s t o c k  o f  f o rage  i s  b u i l t  up d u r i n g  t h e  s h o r t  p e r i o d  o f  a c t i v e  p a s t u r e  growth.  
T h e . q u a n t i t y  o f  f o rage  produced t h e r e f o r e  v a r i e s  w i t h  l a t i t u d e  b u t  e q u a l l y  w i t h  t h e  
n a t u r e  o f  t h e  s o i l  and t h é  topograph ic  s i t u a t i o n ,  wh ich  l a r g e l y  i n f l u e n c e s  t h e  l o c a l  
a v a i l a b i l i t y  o f  wa te r .  Forage p r o d u c t i o n  a l s o  v a r i e s  g r e a t l y  as a f u n c t i o n  o f  seasonal  
r a i n f a l l ,  and l a r g e  d i f f e r e n c e s  in  l e v e l s  o f  p r o d u c t i o n  a re  p o s s i b l e  f rom one yea r  
t o  another .  

The v a l u e  o f  p a s t u r e  a rea  i s  determined by : 
- t h e  p r o d u c t i o n  o f  e d i b l e  m a t e r i a l  (average d a i l y  consumption i s  g e n e r a l l y  e s t i m a t e d  
t o  b e  2.5 k g  d r y  p l a n t  m a t e r i a l  p e r  100 k g  l i v e  an ima l  w e i g h t ) ;  
- t h e  energy c o n t e n t  o f  t h e  p l a n t  m a t t e r ,  expressed i n  s t a r c h  u n i t s  o r  i n  fo rage  
u n i t s ;  
- t h e  n i t r o g e n  c o n t e n t  o f  t h e  forage,  o f t e n  a l i m i t i n g  f a c t o r .  

The crude n i t r o g e n  c o n t e n t  ( n i t r o g e n  c o n t e n t  determined by t h e  K j e l d a h l  method 
x 6.25) v a r i e s  acco rd ing  t o  t h e  p h e n o l o g i c a l  s tage o f  t h e  p l a n t .  Thus, f o r  t h e  Grami- 
neae Cenchrus bi f i iorus,  t h e  crude n i t r o g e n  c o n t e n t  (expressed as a percentage o f  
t o t a l  d r y  m a t t e r  we igh t )  i s  16% f o r  g row ing  p l a n t s  d u r i n g  t h e  r a i n y  season, 4% f o r  
s t raw  i n  November, and 2.6% f o r  s t r a w  i n  A p r i l .  

F o r  re fe rences ,  see p. 38-40. 
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The n i t r o g e n  c o n t e n t  o f  t h e  pods o f  Acacia a l b i d a  d u r i n g  March i s  11%, and t h a t  
o f  leaves 18%. The maintenance needs o f  c a t t l e  a r e  s a t i s f i e d  w i t h  a n i t r o g e n  con ten t  
o f  5%. 

The search f o r  n i t r o g e n - r i c h  f o r a g e  leads  t h e  h e r b i v o r e s  t o  seek o u t  "green 
patches' '  o f  young Gramineae in  t h e  r a i n y  season, herbaceous legumes a t  t h e  end o f  t h e  
r a i n s ,  d i v e r s e  herbaceous species a t  t h e  b e g i n n i n g  o f  t h e  d r y  season and t h e  i n f l o -  
rescences, young f r u i t s  and young leaves o f  woody p l a n t s  a t  t h e  end o f  t h e  dry  season. 
Pas tu res  e x p l o i t e d  d u r i n g  t h e  dry season are b e s t  a b l e  t o  assure t h e  maintenance o f  
t h e  he rds  i f  they  i n c l u d e  n i t r o g e n - r i c h  forage resources  ( v a r i o u s  herbaceous p l a n t s ,  
bushes, shrubs, t r e e s ) .  

Carrying capaci ty f o r  c a t t l e  

S t o c k i n g  r a t e s  can be es t ima ted  f rom c o n s i d e r a t i o n  o f  t h e  above-ground produc- 
t i o n  o f  e d i b l e  herbaceous m a t t e r .  F i f t y  pe r  cen t  o f  t h e  p r o d u c t i o n  can b e  i n g e s t e d  
during t h e  course o f  t h e  y e a r  i n  o p t i m a l  c o n d i t i o n s .  T h i s  p r o p o r t i o n  takes  account 
o f  t h e  r e d u c t i o n  in  p r o d u c t i v i t y  caused by g r a z i n g  d u r i n g  t h e  growth p e r i o d  o f  annual  
species,  o f  l osses  due t o  t r a m p l i n g  and o f  t he  need t o  r e t a i n  a p r o p o r t i o n  o f  t h e  
m a t e r i a l  produced t o  p r o t e c t  t h e  s o i l  a g a i n s t  wind- and ra in - i nduced  e ros ion .  

Thus, i n  o r d e r  t o  ensure t h e  maintenance o f  100 kg l i v e  we igh t  o f  h e r b i v o r e s  
(and i n  p a r t i c u l a r  c a t t l e )  throughout  the  whole year ,  t h e  dry m a t t e r  p r o d u c t i o n  o f  
t h e  herbaceous l a y e r  a t  t h e  end o f  t h e  growing season should b e  equa l  t o  1825 k g / h a  
(2.5 x 2 x 365). 

Es t ima tes  of  t h e  maximum above-ground, d r y  we igh t  p l a n t  biomass (by  i n  kg)  
co r respond ing  t o  p a r t i c u l a r  l i v e w e i g h t  s t o c k i n g  r a t e s  (LW, i n  kg) p e r  h e c t a r e  and 
p e r  y e a r  have been made in  1971 i n  Gourma, M a l i  (Table 1). 

TABLE 1 

S u b s t r a t e  

Zone Anc ien t  e r g  Shal low heterogeneous S i l t y  dep ress ion  
s o i l  

(b) (LW) (b) (LW) (b) (LW) 

D e s e r t i c  300 15 250 2 0  9 O 0  50 

S ahe 1 i an 1200 65 
(100-200 t o  to 
400 mm annual  t o  400 20 2 700 145 

r a i n f a l l )  2900 160 

A t  D a r a - D j o l o f f  (Senegal) , Valenza and F a y o l l e  (1965) c a l c u l a t e d  a peak above- 
ground herbaceous biomass o f  1300 kg /ha  f o r  an annual  r a i n f a l l  o f  430 mm. Again i n  
Senegal, f o r  a r a i n f a l l  o f  200-300 mm a t  Fété-Olé, B i l l e  (1971) c a l c u l a t e d  a biomass 
o f  650 k g l h a  on t h e  dunes, 2800 k g / h a  i n  depressions, and 1600 k g l h a  on shaded areas 
i n  t h e  dunes. 

T h i s  l a s t  f i g u r e  i s  a s i g n i f i c a n t  one. I t  demonstrates how shading can g r e a t l y  
i n c r e a s e  herbaceous p r o d u c t i o n  i n  t h e  Sahe l i an  zone, i n  t h i s  case b y  a f a c t o r  o f  
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a lmost  2.5. Ye t  i t  i s  g e n e r a l l y  h e l d  t h a t  woody cover  competes w i t h  t h e  herbaceous 
l a y e r  i n  t h e  semi -ar id  zone. In  e f f e c t ,  t h e  p a l e  shade g i v e n  b y  Acacia spp. c rea tes  
a favourab le  m i c r o c l i m a t e  f o r  more h i g h l y  p r o d u c t i v e ,  m e s o p h y l l i c  Gramineae. S i m i l a r  
obse rva t i ons  have been made i n  Gourma, M a l i .  

T h i s  herbaceous biomass, produced during t h e  season o f  a c t i v e  p a s t u r e  growth, 
does n o t  appear t o  b e  conserved i n  t h e  d r y  season, as B i l l e  (1971) has shown 
(Table 2) .  

TABLE 2 

Topographic August September October : November December February  
s i t u a t i o n  k g l h a  k g l h a  kg /ha  : kg /ha  k g l h a  k g l h a  

Dunes 150 400 600 : 650 550 380 

Depressions 300 3000 3400 : 2800 2400 2200 

Shaded su r faces  400 1600 1800 : 1600 1000 800 

Valenza and D i a l l o  (1972) have reco rded  s i m i l a r  r e s u l t s  i n  t h e  n o r t h  o f  Senegal 
(Table 3). 

TABLE 3 

Topographic 
s i  t u a  t i o n  

October 
k g l h a  

March 
k g h a  

Dunes 1000 350 

Sandy p l a t e a u x  1500 750 

Thus, i n  t h e  absence o f  e x p l o i t a t i o n ,  t h e r e  i s  a l o s s  o f  20-50% (even 65%) i n  
t h e  s t o c k  o f  f o rage  between t h e  end o f  t h e  r a i n y  season and March. 

W i l d - f i r e s  a r e  f requen t  and can rage  ove r  e x t e n s i v e  areas, p a r t i c u l a r l y  when 
t h e  herbaceous biomass produced d u r i n g  t h e  growing  season r i s e s  above 1 t o n l h a .  
Thus, a r a i n y  year ,  f avou rab le  t o  fo rage  p roduc t i on ,  may n e v e r t h e l e s s  b e  a yea r  
o f  d e f i c i t  f o r  t h e  maintenance o f  t h e  herds, t o  t h e  e x t e n t  t h a t  f i r e  c o n t r o l  measures 
remain i n e f f e c t u a l .  

METHODS OF EXPLOITATION OF SAHELIAN PASTURES 

The p a s t u r e  l a n d s  o f  t h e  Sahel  a r e  t r a d i t i o n a l l y  g i v e n  ove r  t o  nomadism and 
transhumance, terms wh ich  a r e  o f t e n  confused and open t o  d i scuss ion .  

Tradi t ionaZ use of Sahe Zian pastures 

Nomadism i s  t h e  r u l e  i n  t h e  d e s e r t i c  zone. The stockmen l e a d  t h e i r  he rds  (which 
m o s t l y  compr ise camels, sheep and goats)  t o  p a s t u r e s  w i t h  pa tchy  v e g e t a t i o n ,  t h e  
p r o d u c t i v i t y  o f  wh ich  depends on i r r e g u l a r l y  d i s t r i b u t e d  r a i n f a l l .  No r e g u l a r  p a t t e r n  
o f  e x p l o i t a t i o n  i s  thus  p o s s i b l e .  
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I n  t h e  Sahe l i an  zone sensu s t r i c t o ,  l i v e s t o c k  r e a r i n g  i s  o f  a transhumant type; 
each group o f  herdsmen f o l l o w s  a p r e c i s e l y  and t r a d i t i o n a l l y  d e f i n e d  r o u t e ,  wh ich  
ensures a ba lance  between t h e  p r o d u c t i o n  o f  pas tu res  and t h e  needs o f  t h e  l i v e s t o c k .  
T h i s  transhumance i s  necessary f o r  t h e  o p t i m a l  use o f  t h e  fo rage  p o t e n t i a l  o f  t h e  
reg ion ,  and f o r  e n s u r i n g  v a r i a t i o n  in  t h e  type o f  f o rage  consumed. I t  a l s o  p r o v i d e s  
f o r  t h e  r e h a b i l i t a t i o n  o f  he rds  in  br iny  areas and f a c i l i t a t e s  t h e i r  w a t e r i n g  under 
t h e  most f a v o u r a b l e  c o n d i t i o n s  ( p r o v i s i o n  o f  wa te r  and m i n i m i z a t i o n  o f  work i n v o l v e d  
i n  i t s  e x t r a c t i o n ) .  

Pas tu res  a r e  e x p l o i t e d  success i ve l y ,  as f o l l o w s  : 
- d u r i n g  t h e  r a i n y  season, pas tu res  c l o s e  t o  s tagnant  poo ls ,  s u f f i c i e n t l y  l a r g e  t o  
remain i n  wa te r  throughout  t h e  r a i n y  season; 
- a t  t h e  b e g i n n i n g  o f  t h e  d r y  season, pas tu res  n e a r  t o  s u p e r f i c i a l  ground waters ,  
e x p l o i t a b l e  th rough  s h a l l o w  (4-10 m) sumps; 
- i n  t h e  m i d s t  o f  t h e  dry season, p a s t u r e s  i r r i g a t e d  by l a r g e  r i v e r s  o r  deep (80-100 m) 
w e l l s .  

I n  a d d i t i o n ,  t h e  s o - c a l l e d  a q u a t i c  pas tu res  ( "bourgout ières")  become p rog ress i ve -  
l y  a c c e s s i b l e  - and thus e x p l o i t a b l e  - as t h e  d r y  season advances, b u t  t hey  a r e  aban- 
doned w i t h  t h e  advent o f  t h e  r a i n s  and t h e i r  subsequent i s o l a t i o n ,  and e v e n t u a l  sub- 
mers ion  under t h e  ra in -wa te rs .  

Changes and t h e i r  consequences 

During t h e  l a s t  f i f t y  years,  t h e  improvement i n  s a n i t a r y  c o n d i t i o n s  has f a c i l i -  
t a t e d  t h e  i n c r e a s e  o f  human, as w e l l  as l i v e s t o c k ,  p o p u l a t i o n s  i n  t h e  Sahel. 

A t  t h e  same time, a ma jo r  wa te r  development programme i n  t h e  p a s t u r e  lands has 
l e d  t o  an exhaus t i ve  i n v e n t o r y  o f  underground wa te r  resources, f o l l o w e d  b y  t h e  deve- 
lopment o f  deep boreholes,  o f  t e n  equipped w i t h  mechanica l  pumping p l a n t .  

New p a s t u r e s  have thus  been opened f o r  e x p l o i t a t i o n ,  and t h e  l i v i n g  c o n d i t i o n s  
o f  t h e  herdsmen improved. However, i n  most cases, t h e  methods f o r  e x p l o i t a t i o n  o f  
t h e  g r a z i n g  l ands  have n o t  been g r e a t l y  improved. I n  f a c t ,  t h e  h i g h e r  l i v i n g  condi -  
t i o n s  and ready a v a i l a b i l i t y  o f  wa te r  have even prompted c e r t a i n  s tockbreeders t o  
renounce t h e i r  transhumant way o f  l i f e .  S e d e n t a r i z a t i o n  has occu r red  near  deep bore-  
h o l e s  and ma jo r  r i v e r s ,  and t h i s  has r e s u l t e d  i n  d i s t u r b a n c e  o f  t h e  f l o r i s t i c  ba lance  
o f  pas tu res  and has even a f f e c t e d  t h e  h e a l t h  o f  l i v e s t o c k .  I n  t h i s  way, an imal  s i c k -  
ness a s s o c i a t e d  w i t h  deep bo reho les  has a r i sen ,  i n  Senegal f o r  example. D i s o r d e r s  i n  

'phosphorus metabol ism l e d  t h e  l i v e s t o c k  t o  g r i n d  t h e  bones o f  dead animals  and conse- 
q u e n t l y  t o  b e  poisoned ( b o t u l i s m ) .  The s t u d i e s  o f  C a l v e t ,  Dou t re  and F r i o t  (1965, 
1966, 1971) have c l a r i f i e d  t h i s  problem, and these research  workers have proposed 
t h e  au tomat i c  d i s t r i b u t i o n  o f  phosphates i n  t h e  l i v e s t o c k  w a t e r i n g  p laces  so as t o  
compensate t h e  l ow  phosphate con ten t  o f  t h e  underground waters .  

The i n c r e a s e  i n  l i v e s t o c k  numbers has been somewhat tempered b y  an i nc rease  i n  
commercial  t rad ing , .wh ich  u n f o r t u n a t e l y  has n o t  always been developed acco rd ing  t o  
s tandard  an ima l  husbandry p r a c t i c e s .  Smal l  b reeders  a r e  i n  f a c t  o f t e n  f o r c e d  t o  s e l l  
t h e i r  young animals ,  even females, w h i l e  t h e  l a r g e r  b reeders  a r e  a b l e  t o  r e t a i n  a d u l t  
oxen wh ich  consume fo rage  resources w i t h o u t  economica l l y  s i g n i f i c a n t  g a i n  in  l i v e -  
we igh t .  

Consequent ly t h e r e  has been an excess ive i n c r e a s e  i n  l i v e s t o c k  numbers, wh ich  
have l a r g e l y  surpassed t h e  c a p a c i t y  o f  pas tu res .  The e x p l o i t a t i o n  o f  t h e  p a s t u r e  
has n o t  improved; i n  f a c t ,  t h e r e  has been a steady d e c l i n e  in  t h e  a p p l i c a t i o n  o f  
t r a d i t i o n a l  management p r a c t i c e s .  W i t h  an average l i v e - w e i g h t  s t o c k i n g  r a t e  o f  
50 kg/ha/year ,  a r e d u c t i o n  in  annual  r a i n f a l l  o r ,  s imply ,  a l e s s  f a v o u r a b l e  d i s t r i -  
b u t i o n  o f  mon th l y  r a i n f a l l ,  has s u f f i c e d  t o  cause a s i g n i f i c a n t  number o f  l i v e s t o c k  
deaths and t h e  exodus o f  stockmen towards t h e  south.  
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Reactions t o  graz ing 

The i n t r o d u c t i o n  o f  g r a z i n g  m o d i f i e s  t h e  f r a g i l e  ba lance  o f  t h e  range land  
pseudo-climax. The presence o f  l i v e s t o c k  i n  t h e  p a s t u r e  l ands  f a c i l i t a t e s  t h e  d i sse -  
m i n a t i o n  o f  zoochorous d iaspores i n  t h e  h i d e s  o f  t h e  animals .  Also,  t h e  i r r e g u l a r  
d i s t r i b u t i o n  o f  d e j e c t a  favours  t h e  appearance o f  patches o f  n i t r o p h i l i c  species,  
o f t e n  assoc ia ted  w i t h  growths o f  woody p l a n t s .  I n  t h i s  connexion, i t  has been 
observed t h a t  t h e  g e r m i n a t i o n  r a t e s  o f  t h e  seeds o f  these p l a n t s  i s  h i g h e r  f o l l o w -  
i n g  i n g e s t i o n  by l i v e s t o c k .  

I n  pas tu res  where annual  spec ies dominate, as i n  t h e  Sahe l i an  steppe, t h e  
p a r t i c u l a r  season when g r a z i n g  takes p l a c e  has a ma jo r  i n f l u e n c e  on t h e  way i n  wh ich  
t h e  f l o r a  i s  m o d i f i e d .  

A l l - y e a r  g r a z i n g  around a permanent w a t e r i n g  p l a c e  tends t o  l ower  t h e  p o t e n t i a l  
p r o d u c t i v i t y  o f  t h e  pastures,  b y  r e d u c i n g  t h e  development o f  annual  spec ies i n  t h e  
a c t i v e  g r a z i n g  p e r i o d .  However, zoochorous species (e.g. t h e  "cram-cram", Cenchus 
b i f l o r u s )  a r e  favoured and tend t o  become dominant. 

Men t ion  m igh t  b e  made he re  o f  t h e  work o f  Valenza and F a y o l l e  ( 1 9 6 5 )  on p a s t u r e s  
a t  Dara (Senegal) .  These p a s t u r e s  shou ld  suppor t  a l i v e  we igh t  i nc rease  o f  7 0  kg /ha /  
year,  f o r  an average above-ground p l a n t  biomass o f  1300 kg/ha.  These r e s e a r c h  workers 
reco rded  t h e  f o l l o w i n g  r e s u l t s  f o r  a l l - y e a r  g raz ing ,  w i t h  p e r i o d i c  r o t a t i o n ,  o f  2 t o  
2 . 5  year  o l d  Zebu c a t t l e  i n  f u l l  p e r i o d  o f  g rowth  : 

- August and September : d a i l y  g a i n  in  we igh t  o f  9 0 0  g/day w i t h  a s t o c k i n g  r a t e  o f  
5 0  kg/ha.  
- October t o  December : d a i l y  g a i n  i n  we igh t  o f  400 g/day w i t h  i n g e s t i o n  o f  502 o f  
herbaceous p r o d u c t i o n  (s t raw) f o r  a s t o c k i n g  r a t e  o f  300 kg/ha.  
- January t o  June i n c l u s i v e  : d a i l y  l o s s  i n  we igh t  o f  170 g/day w i t h  i n g e s t i o n  
reduced t o  30% o f  t h e  fo rage  s tocks,  f o r  a s t o c k i n g  r a t e  o f  9 0  kg/ha.  
- January t o  l a t e  A p r i l  ( be fo re  t h e  v e r y  h o t  p e r i o d )  : maintenance o f  we igh t  w i t h  
consumption o f  35% o f  t h e  fo rage  s tocks ,  f o r  a s t o c k i n g  r a t e  o f  80 kg/ha.  

These f ragmentary r e s u l t s  i n d i c a t e  the  e x i s t e n c e  o f  a d i f f i c u l t  p e r i o d  (May t o  
June) d u r i n g  wh ich  l osses  i n  w e i g h t  a r e  i n e v i t a b l e  w i t h o u t  t h e  a d d i t i o n  o f  supple- 
mentary n i t rogenous  food  sources (woody forage,  llon-the-hooftl f o rage  o f  c u l t i v a t e d  
legumes, t h e  a d d i t i o n  o f  c o t t o n  seeds t o  feed, e t c . )  

The s tudy  b y  Boudet ( 1 9 7 2 )  o f  p a s t u r e  dynamics under t h e  i n f l u e n c e  o f  a c l e a r l y  
d e l i m i t e d  p a t t e r n  o f  seasonal  e x p l o i t a t i o n  p r o v i d e s  u s e f u l  complementary i n f o r m a t i o n .  
Pastures comprised o f  annual  spec ies,  i f  e x p l o i t e d  each yea r  d u r i n g  t h e  r a i n y  season, 
evo lve  r a p i d l y .  Graminous species,  wh ich  a re  t h u s  s c a r c e l y  a b l e  t o  bea r  f r u i t ,  d isappear  
f rom t h e  edaphic c l imax .  O n  t h e  o t h e r  hand, d e s i r a b l e  species w i t h  a s h o r t  l i f e  c y c l e  
(e.g. Zornia g l o c h i d i a t a )  i n c r e a s e  and m u l t i p l y  under such a g r a z i n g  regime. The same 
phenomenon has been observed i n  mowed pas tu res  i n  t h e  Sahel (Valenza, 1 9 7 0 ) .  However, 
p l a n t s  o f  these species d isappear  a lmost  comp le te l y  as e a r l y  as t h e  end o f  t h e  r a i n y  
season, and t h e  f a v o u r a b l e  t r e n d  o f  a p a s t u r e  used d u r i n g  t h e  growing p e r i o d  becomes 
a h a r m f u l  one when t h e  p a s t u r e  i s  grazed d u r i n g  t h e  dry season o r  throughout  t h e  yea r .  

I t  i s  thus c r u c i a l ,  as regards annual pastures, t o  t r e a t  separately those pas- 
tu res  which m e  grazed i n  the  r a i n y  season and those which are grazed i n  the  dry 
season. 

Pas tu res  t h a t  a re  used i n  t h e  r a i n y  season remain n e v e r t h e l e s s  v e r y  s e n s i t i v e  
t o  excess i ve  s t o c k i n g  r a t e s .  Above a c e r t a i n  c r i t i c a l  t h r e s h o l d ,  t h e  herbaceous 
cover  d e t e r i o r a t e s .  Thus, on sandy s o i l s ,  t h e r e  appear s m a l l  dunes w i t h  herbaceous 
v e g e t a t i o n  separated by su r faces  wh ich  have been denuded and made s t e r i l e  b y  w ind  
a c t i o n .  O n  heterogeneous s u b s t r a t e s  w i t h  o n l y  s l i g h t l y  d i f f e r e n t i a t e d  r e l i e f ,  one 
observes t h e  appearance o f  ba re ,  compacted g l a c i s ,  d e v o i d  o f  a i r  spaces. Woody 
v e g e t a t i o n  d i e s  away, and f i n e  s o i l  e lements a r e  washed away b y  sheet e r o s i o n .  A f t e r  
sandy p a r t i c l e s  have been r e m o b i l i z e d  through w ind  a c t i o n ,  t h e  denuded g l a c i s  can 
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c o n t r i b u t e  t o  t h e  e x t e n s i o n  o f  t h e  "brousse t i g r é e " .  T h i s  s t r i k i n g  v e g e t a t i o n  f a c i e s ,  
a common f e a t u r e  in  t h e  Sahel, i s  formed by a l i n e a r  d i f f e r e n t i a t i o n  o f  s t r i p s  o f  
woodland and b a r e  o r  s p a r s e l y  vege ta ted  ground. 

The p a t t e r n  i s  somewhat d i f f e r e n t  f o r  Sahe l i an  pas tu res  wh ich  a re  e x p l o i t e d  
o n l y  in  t h e  dry  season, a f t e r  t h e  d i s s e m i n a t i o n  o f  t h e  d iaspores o f  t h e  Gramineae. 
These pastures,  d e s p i t e  t h e i r  r a t h e r  d e s o l a t e  appearance i n  t h e  m i d d l e  o f  t h e  d r y  
season, r e t a i n  a l l  o f  t h e i r  p o t e n t i a l  p r o d u c t i v i t y ,  w i t h  t h e  e x c e p t i o n  o f  over-  
t rampled areas. Zoochorous species w i t h  high r a t e s  o f  p r o d u c t i o n  m u l t i p l y  and augment 
t h e  p r o d u c t i o n  o f  forage.  Areas which a r e  invaded by young shrubs (whose e s t a b l i s h -  
ment has been favoured  by t h e  faeces o f  t h e  h e r b i v o r e s )  can even serve f o r  t h e  l o c a l  
r e g e n e r a t i o n  o f  shrub cover ,  p r o v i d e d  t h a t  t h e  necessary p r o t e c t i v e  measures a re  
ensured during a p e r i o d  o f  s e v e r a l  years.  They can then  be e x p l o i t e d  as coppice 
cover  f o r  t h e  p r o d u c t i o n  o f  f i r e w o o d  (see chap te r  on "The r o l e  o f  t h e  f o r e s t e r  i n  
l a n d  use management in  t h e  Sahel"). 
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THE IMPROVEMENT OF PASTORAL ECONOMY 
I N  THE SAHEL : RESEARCH TRENDS 

by G. BOUDET and H. G I L L E T  

Numerous s t u d i e s  have a l r e a d y  been under taken i n  the  Sahel .  However, t h e  f r a g -  
mentary n a t u r e  o f  these s t u d i e s ,  t h e i r  s h o r t  d u r a t i o n  and t h e i r  l a c k  o f  i n t e g r a t i o n ,  
r e q u i r e s  t h a t  s t u d i e s  be n o t  o n l y  cont inued,  but  t h a t  t h e y  b e  extended w i t h i n  an i n t e r -  
d i s c i p l i n a r y  framework i n  o r d e r  t o  improve t h e  p a s t o r a l  economy o f  t h e  S a h e l i a n  zone. 

Agrosto log ica l  s tud ies and mapping of pastures 

Research i s  r e q u i r e d  o n  : 

The f l o r a  ( f l o r i s t i c  compos i t i on  o f  herbaceous and woody s t r a t a ,  w i t h  p a r t i c u l a r  
a t t e n t i o n  t o  s c i a p h i l o u s  species) ;  

Plant  ecology ( s tudy  o f  t h e  v e g e t a t i v e  c y c l e  o f  c e s p i t o s e  p e r e n n i a l  spec ies and 
t h e i r  regenera t i on ;  s tudy o f  t h e  s p e c i f i c  r e s i s t a n c e  o f  S a h e l i a n  t r e e s  t o  d rough t ,  
i n c l u d i n g  a s tudy  o f  n a t u r a l  r e g e n e r a t i o n  and t h e i r  r e a c t i o n  t o  p run ing ;  

Dynamics of d i f fe ren t  types of pastures, through d e f i n i t i o n  of evoZutionary and 
SuccessionaZ ser ies  ( p r o g r e s s i o n  and r e g r e s s i o n )  and i d e n t i f i c a t i o n  o f  p e r t u r b a t i o n  
th resho lds  ( s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  s t a t u s  o f  i n c r e a s i n g ,  dec reas ing  and i n v a d e r  
species as a f u n c t i o n  o f  g r a z i n g  and i n t e r a n n u a l  v a r i a t i o n  i n  r a i n f a l l ) ;  comparison 
w i t h  t h e  dynamics o f  spec ies i n  enc losu res  on p a r a l l e l  and s i m i l a r  p l o t s  o f  land;  

Poten t ia l  p r o d u c t i v i t y  d u r i n g  t h e  whole yea r  ( i n  enclosures,  on common l a n d  and 
under c o n d i t i o n s  o f  c o n t r o l l e d  g r a z i n g ) ;  p o t e n t i a l  p r o d u c t i v i t y  o f  t h e  herbaceous 
l a y e r  (graminaceous and t w i n i n g  spec ies)  and o f  t h e  woody l a y e r  ( l eaves  and f r u i t s )  
as a f u n c t i o n  o f  t h e  ma jo r  spec ies  o f  f o rage  t r e e s  (Balan i tes,  Maerua, Acacia, e t c . ) ;  

Est imat ion of ca r ry ing  capaci ty ;  

Product ion and dormancy of the seeds of annuai. p lan ts  (which l a r g e l y  c o n d i t i o n  
t h e  renewal  o f  pas tu res ) ;  r e f e r e n c e  t o  t h e  s t u d i e s  o f  B i l l e  (1972, 1973) i n  t h e  
F e r l o  o f  Senegal , o f  Gaston (1973) i n  Chad, and o f  Guyot (1960) on s y s t e m a t i c  
obse rva t i ons  d u r i n g  a p e r i o d  o f  s e v e r a l  yea rs  o f  t h e  g e r m i n a t i o n  i n  p o t  c u l t u r e s  o f  
s o i l  samples e x t r a c t e d  t o  a d e p t h  o f  8-10 cm; 

V m i a t i o n s  i n  n u t r i t i v e  value of straw and t r e e  foZiage conswned dur ing  the 
dry season; 

T r a d i t i o n a l  management of pastures and ways and means fo r  improvement. 

The r e s u l t s  o f  s t u d i e s  on t h e  f l o r a ,  on p l a n t  eco logy  and on t h e  e v o l u t i o n  and 
p r o d u c t i v i t y  o f  pas tu res  can t h e n  be syn thes i zed  on e c o l o g $ c a l  maps. D u r i n g  t h e  
p e r i o d  1961-1973, such mapping had covered some 911 920 k m  o f  Sahe l i an  p a s t u r e s  
( " I n s t i t u t  d 'é levage  e t  de médecine v é t é r i n a i r e  des pays t r o p i c a u x ,  IEMVT"), as 
d e t a i l e d  i n  Table 1. 
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TABLE 1 

1 / 5 0  O00 1/100 O00 1 / 2 0 0  O00 1 / 4 0 0  O00 1 / 5 0 0  O00 l/l O00 O00 

2 km 

Chad 1 100 
E t h i o p i a  7 70  
M a l i  110 
M a u r i t a n i a  - 
N i g e r  2 200 
Senegal - 
Upper V o l t a  - 

4 1 8 0  

2 
km 

1 300 

7 630 
3 990 
3 O00 

- 

15 920 

2 
km 

40 600 
24  600 

7 500 
5 4  500 

- 

127 200 

2 
km 

22 270 
- 

- 
1 4  O00 - 

- 

36 270 

2 
k m  

88  750  
1 6 0  O00 

8 O00 

23 600 

280  350 

2 
km 

- 
8 8  O00 

360 O00 

- 

- 
- 

448 O00 

Agro-cZimatoZogieaZ and pedoZogicaZ s tud ies  

Agro-elirnato Zogy 

Measurements a r e  r e q u i r e d  o f  : 
- r a i n f a l l  ove r  a ten-year p e r i o d ;  
- i n t e r a n n u a l  v a r i a t i o n s ,  more p r e c i s e l y  d e t a i l e d  th rough  t h e  i n s t a l l a t i o n  o f  auto- 
m a t i c  r a i n f a l l  r e c o r d i n g  dev ices a long  n o r t h - s o u t h  g r a d i e n t s ;  
- e v a p o t r a n s p i r a t i o n  and water  ba lance.  

Pedo Zogy 

I n f o r m a t i o n  i s  needed on : 
- r e s i s t a n c e  and f r a g i l i t y  o f  s o i l s  t o  wind- and ra in - i nduced  e r o s i o n  and t o  
t ramp l ing ;  
- f e r t i l i t y  o f  s o i l s  and economic p o s s i b i l i t i e s  o f  f e r t i l i z a t i o n  under d r y  and 
i r r i g a t e d  c u l t i v a t i o n .  

Research on water resources 

Whi le  t h e  i n v e n t o r y  o f  underground water  resources i s  r e l a t i v e l y  w e l l  known, 
much remains t o  b e  done i n  respec t  o f  : 
- i n c r e a s i n g  t h e  o u t p u t  o f  w e l l s ;  
- p e r f e c t i n g  and p o p u l a r i z i n g  s imple and economical  techniques o f  wa te r  e x t r a c t i o n  
(e.g. u s i n g  animal  t r a c t i o n ) .  

O n  t h e  o t h e r  hand, p r a c t i c a l l y  n o t h i n g  i s  known about low-cost techniques f o r  
t h e  c o n s t r u c t i o n  and management o f  s m a l l  a r t i f i c i a l  ponds f o r  r a i n f a l l  catchment 
( " imp luv ia " ) .  I n f o r m a t i o n  i s  r e q u i r e d  on such aspects  as : 
- s u i t a b l e  m a t e r i a l s  f o r  c o n s t r u c t i o n ;  
- techniques f o r  a r t i f i c i a l  w a t e r p r o o f i n g ;  
- low-cost and d u r a b l e  e x c a v a t i o n  techniques;  
- c o n s t r u c t i o n  o f  r a i n w a t e r  c o l l e c t o r s ;  
- r e a d i l y  u s a b l e  techniques f o r  t h e  c o n s t r u c t i o n  o f  c l e a n  w a t e r i n g  p laces ;  
- r e a d i l y  u s a b l e  techniques f o r  c o n t r o l l i n g  a q u a t i c  p a r a s i t e s .  

In o r d e r  t o  combat p e r i o d i c  s c a r c i t y ,  t h e r e  i s  a need t o  focus a t t e n t i o n  on 
a p p r o p r i a t e  i r r i g a t i o n  p r a c t i c e s  f o r  f o rage  crops, i n c l u d i n g  i r r i g a t i o n  by s p r i n k l i n g  
and b y  submersion, as w e l l  as d r i p  i r r i g a t i o n .  

A t  t h e  same t ime,  t h e r e  i s  a need f o r  s t u d i e s  on t h e  wa te r  ba lance  o f  s o i l s ,  as 
w e l l  as on t h e  wa te r  requi rements o f  each crop species.  
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Research on forage resources 

Stud ies  o f  t h e  Sahe l i an  environment shou ld  p r o v i d e  i n f o r m a t i o n  on t h e  p o s s i b i -  
l i t i e s  o f  m a i n t a i n i n g  and improv ing  t h e  p o t e n t i a l  p r o d u c t i v i t y  o f  pas tu res .  Improve- 
ment should b e  approached by comparat ive exper iments on p a s t u r e  management, i n c l u d i n g  
t h e  use o f  d i f f e r e n t  r o t a t i o n  p a t t e r n s  and s t o c k i n g  r a t e s  and i n t r o d u c t i o n  t r i a l s  o f  
n e w  p l a n t s  i n  p a s t u r e s  and in c rop  c u l t u r e s .  T h i s  work should i n v o l v e  e s t i m a t i o n  o f  
e c o l o g i c a l l y  f a v o u r a b l e  s i t e s ,  a p p r o p r i a t e  c u l t u r a l  techniques,  l i k e l y  y i e l d s  and 
the  most economic means f o r  e x p l o i t a t i o n .  

These s t u d i e s  should be preceded by t h e  es tab l i shmen t  o f  gardens f o r  t h e  i n t r o -  
d u c t i o n  o f  p l a n t s ,  i n  wh ich  p r i o r i t y  a t t e n t i o n  shou ld  be accorded t o  : 
- herbaceous legumes, f o r  i n  s i t u  ("on t h e  hoof" )  e x p l o i t a t i o n  in  t h e  d r y  season; 
- species f o r  s u p p l y i n g  supplementary f e e d  i n  t h e  r a i n y  season and t h e  d r y  season, 
under i r r i g a t e d  c u l t i v a t i o n ;  
- forage shrubs, f o r  p r o v i d i n g  fo rage  d u r i n g  t h e  d r y  season. 

Research shou ld  a l s a  focus on t r e e s  capable o f  p r o v i d i n g  f i r e w o o d  and on species 
f o r  use i n  dune f i x a t i o n  and in  combat ing e r o s i o n .  

Other  s t u d i e s  should be devoted t o  p l a n t - h e r b i v o r e  r e l a t i o n s .  S tud ies  aimed a t  
d e f i n i n g  t h e  p r o p e r  ba lance  between t h e  p o t e n t i a l  p r o d u c t i o n  o f  pas tu res  and l i v e -  
s t o c k  i n g e s t i o n - r a t e s  a re  s t i l l  too f ragmentary i n  n a t u r e ,  i n  s p i t e  o f  t h e  research  
under taken i n  s tockb reed ing  s t a t i o n s  (Valenza and F a y o l l e ,  1 9 6 5 ) .  

Systemat ic  s t o c k i n g  r a t e  t r i a l s  shou ld  be under taken  and repea ted  d u r i n g  a 
p e r i o d  o f  s e v e r a l  years,  t a k i n g  account o f  v a r i a t i o n s  i n  r a i n f a l l ,  seasonal  s t o c k i n g  
r a t e s  and t h e  p o s s i b l e  c o n t r i b u t i o n  o f  n i t r o g e n  supplements a t  t h e  end o f  t h e  d r y  
season. 

The r e a l  f o r a g e  v a l u e  o f  p l a n t  spec ies t h a t  a re  consumed i n  t h e  Sahel  has been 
l a r g e l y  ignored,  i n  s p i t e  o f  s e v e r a l  d i g e s t i b i l i t y  t r i a l s  e f f e c t e d  i n  Senegal, a t  
t h e  Hann Labora to ry .  Systemat ic  and comparat ive t r i a l s  shou ld  b e  under taken  in  
" d i g e s t i b i l i t y  cages" b y  f e e d i n g  l i v e s t o c k  w i t h  t h e  ma in  fo rage  species o f  t h e  Sahel, 
a t  d i f f e r e n t  p h e n o l o g i c a l  stages. These s t u d i e s  shou ld  be coupled w i t h  " i n  v i t r o "  
d i g e s t i b i l i t y  t r i a l s  i n  o r d e r  t o  e x t r a p o l a t e  r e s e a r c h  r e s u l t s  t o  a l a r g e r  number o f  
consumed species.  

A n i m a l  husbmdry research 

The breeds o f  ind igenous domes t i ca ted  l i v e s t o c k  a r e  p e r f e c t l y  adapted t o  t h e  
environment i n  wh ich  they have evolved. These breeds rep resen t  a p o o l  o f  genes, and 
t h e i r  l a t e n t  performance can be developed, as f o r  t h e  Azawak Zebu a t  t h e  Toukounous 
s t a t i o n  i n  N i g e r  and t h e  Gobra Zebu a t  t h e  Dara s t a t i o n  in  Senegal. 

Denis and Valenza (1970) have h i g h l i g h t e d  t h e  p o t e n t i a l i t i e s  o f  t h e  Gobra Zebu. 
Thus, under an i n t e n s i v e  f e e d i n g  regime, t h e  young Zebu shows an average d a i l y  g a i n  
i n  we igh t  o f  500-650 g up t o  t h e  age o f  2 1  months, a f t e r  which t i m e  t h i s  r a t e  i s  
ha lved.  A t  30 months, t h e  young b u l l s  weigh 440-590 kg, w i t h  a carcass y i e l d  o f  63%. 

Analogous s t u d i e s  c o u l d  be under taken on o t h e r  breeds, f o r  example t h e  Boro ro  
Zebu o f  M a u r i t a n i a ,  t h e  Tamachek Zebu o f  Gourma and Sahe l i an  breeds o f  sheep and 
goats.  

Gene banks - f o r  t h e  c o n s e r v a t i o n  o f  sperm f o r  example - c o u l d  be s e t  up a t  t h e  
i n t e r n a t i o n a l  l e v e l .  

Within t h e  framework o f  t h e  r e s t o c k i n g  o f  t h e  Sahel  a f t e r  t h e  drought ,  problems 
r e l a t i n g  t o  t h e  c h o i c e  and d i s t r i b u t i o n  o f  l i v e s t o c k  shou ld  be r e s o l v e d  th rough  
research  on t h e  s e l e c t i o n  o f  breeds and species.  Sheep i s  a f a s t - g r o w i n g  an ima l  wh ich  
breeds more r a p i d l y  t h a n  c a t t l e .  Hence e f f o r t s  m i g h t  u s e f u l l y  b e  concen t ra ted  on 
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sheep r a t h e r  than  c a t t l e ,  though i t  must be recogn ized t h a t  b e e f  meat i s  g e n e r a l l y  
p r e f e r r e d  i n  t h e  towns. Economic s t u d i e s  a r e  c a l l e d  f o r  i n  t h i s  r e s p e c t .  

Economics shou ld  b e  i n t e g r a t e d  i n  a l l  r esea rch  p r o j e c t s ,  and p a r t i c u l a r l y  those 
concerned w i t h  an ima l  husbandry. In  p a r t i c u l a r ,  s t u d i e s  shou ld  focus o n  : 
- management and types o f  e x p l o i t a t i o n  o f  t h e  herds;  
- economic and s o c i a l  aspec ts  o f  t h e  e x p l o i t a t i o n  o f  he rds  f o r  m i l k  o r  meat p r o d u c t i o n  
( m i l k  forms t h e  b a s i s  o f  t h e  d i e t  o f  t h e  s tockbreeder ,  who thus  becomes a compe t i t o r  
o f  t h e  young ca lves ,  wh ich  a r e  i n  consequence l i a b l e  t o  s u f f e r i n g ,  d e p r i v a t i o n  and 
even death) ;  
- commerc ia l i za t i on  o f  l i v e s t o c k  and improvement o f  t h e  marke t i ng  c i r c u i t s  f o r  l i v e -  
s t o c k  and meat. 
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THE ROLE OF THE FORESTER I N  LAND USE PLANNING 
I N  THE SAHEL 

This  paper, which has been prepared by the  Centre technique f o r e s t i e r  t r o p i c a l  
(CTFT), i s  based on the  ideas and techn ica l  in format ion g iven i n  the th ree  folZowing 
pub l i c a t i o n s  : 

DEPIERRE, D.; GILLET, H. D é s e r t i f i c a t i o n  de l a  zone sahé l i enne  d u  Tchad. Bois 

CATINOT, R. C o n t r i b u t i o n  du f o r e s t i e r  à l a  l u t t e  c o n t r e  l a  d é s e r t i f i c a t i o n  en 

DELWAULLE, J . C .  Le  r ô l e  d u  f o r e s t i e r  dans l'aménagement du Sahel. Centre t e c h n i -  

e t  fo rê ts  des tropiques, No. 1 3 9 ,  September 1 9 7 1 .  

zones sèches. Techniques e t  développement, No. 11, January 1 9 7 4 .  
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The present study i s  therefore a review of publ ished work. A t  the  same time, i t  
i s  be l ieved t h a t  i t  represents the  p o i n t  of view of most of t he  Sahelian fo res ters  - 
f o res t  managers as w e l l  as research workers - on the r o l e  t h a t  they see f o r  them- 
selves i n  land use planning i n  the Sahel. 

The phenomena o f  d e s e r t i z a t i o n  wh ich  have t a k e n  on such t r a g i c  p r o p o r t i o n s  in  
r e c e n t  yea rs  in  t h e  a r i d  zones o f  t r o p i c a l  A f r i c a  have been p a r t i c u l a r l y  severe i n  
t h e  Sahel. T h e i r  economic e f f e c t s  have been l i t t l e  s h o r t  o f  c a t a s t r o p h i c ,  e s p e c i a l l y  
through t h e  disappearance o f  t h e  m a j o r i t y  o f  herds  which f o r m  t h e  e s s e n t i a l  resource  
base o f  t h e  l o c a l  human p o p u l a t i o n s .  The causes o f  t h e  p r e s e n t  s i t u a t i o n  a r e  c e r t a i n l y  
l i n k e d  t o  a s e r i e s  o f  un favourab le  c l i m a t i c  c o n d i t i o n s ,  but a major  reason l i e s  i n  
t h e  excess ive e x p l o i t a t i o n  o f  t h e  l i m i t e d  resources  o f  t h e  a r i d  t r o p i c a l  r e g i o n s .  

I t  i s  w e l l  known t h a t  t h e  a g r i c u l t u r a l  p o t e n t i a l  o f  these zones cannot exceed 
a c e r t a i n  l e v e l ,  which i s  much lower  t h a n  t h a t  o f  most humid t r o p i c a l  zones, and 
t h a t  t h e  d i f f e r e n t  modes o f  e x p l o i t a t i o n  must t a k e  due account o f  t h i s  f a c t .  Never- 
t he less ,  these a r i d  r e g i o n s  have proved t o  b e  a t t r a c t i v e  t o  man, and consequent ly  
they  have reached a r e l a t i v e l y  h igh p o p u l a t i o n  d e n s i t y .  The peop le  tend t o  concen- 
t r a t e  i n  t h e  ma jo r  v i l l a g e s  and towns, o r  - i n  t h e  t r u e  Sahe l i an  zone - f o l l o w  t h e  
a n c e s t r a l  t r a d i t i o n s  o f  transhumance, sea rch ing  f o r  f ood  and wa te r  f o r  t h e i r  ever-  
i n c r e a s i n g  herds.There a r e  thus two i n c o m p a t i b l e  phenomena : on t h e  one hand i s  t h e  
growth and c o n c e n t r a t i o n  o f  an u rban  p o p u l a t i o n  w i t h  ever-expanding needs; on t h e  
o the r ,  t h e  maintenance a t  a r e l a t i v e l y  l o w  l e v e l o f  t h e  p o t e n t i a l i t i e s  o f  t h e  r u r a l  
zones. The e f f e c t s  o f  these phenomena must, sooner o r  l a t e r ,  l e a d  t o  an imbalance. 
A s e r i e s  o f  v e r y  dry years has p r e c i p i t a t e d  t h e  i n e v i t a b l e  breakdown i n  e q u i l i b r i u m  
and has b r o u g h t  about t h e  r u p t u r e  between man and h i s  environment.  

A c l e a r  d i s t i n c t i o n  must be made between t h e  t r a n s i e n t  c l i m a t i c  causes and t h e  
b a s i c  and immutable e c o l o g i c a l  reasons f o r  t h i s  d i s r u p t i o n .  T h i s  d i s t i n c t i o n  h a v i n g  
been made, i t  i s  necessary t o  examine t h e  ways o f  a v o i d i n g  t h e  r e p e t i t i o n  o f  such 
d i s a s t e r s .  I n  p a r t i c u l a r ,  t h i s  e n t a i l s  d e f i n i t i o n  o f  t h e  p r a c t i c a l  means wh ich  c o u l d  
be made a v a i l a b l e  t o  r u r a l  p o p u l a t i o n s  f o r  i m p r o v i n g  and t h e n  m a i n t a i n i n g  t h e  p ro -  
d u c t i v i t y  o f  t h e  a r i d  and semi-ar id  zones. 
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Reference t o  o r a l  and w r i t t e n  t r a d i t i o n  c l e a r l y  r e v e a l s  t h e  e x t e n t  o f  t h e  
degradat ion,  o r  a lmost  t o t a l  d isappearance i n  some cases, o f  t h e  p l a n t  cover o f  t h e  
Sahel  d u r i n g  t h e  course o f  t h e  c e n t u r i e s .  P l a n t  f o rma t ions  have regressed, b o t h  
q u a l i t a t i v e l y  and q u a n t i t a t i v e l y ,  w h i l e  a r i d i t y  seems t o  march fo rward  i n e x o r a b l y .  

D e p i e r r e  and G i l l e t  (1971) have c o l l a t e d  an impress i ve  amount o f  ev idence i n  
t h i s  r e s p e c t  i n  t h e i r  s tudy  on d e s e r t i f i c a t i o n  o f  t h e  Sahe l i an  zone i n  Chad. Fo r  
example, t h e  f o l l o w i n g  account by Sheik  El-Tounsy r e l a t e s  t o  t h e  e x p e d i t i o n  o f  t h e  
S u l t a n  Saboun a g a i n s t  t h e  Baguirmeh, about t h e  p e r i o d  1805-1810 : 

"We en te red  i n t o  t h e  unoccupied l ands  s i t u a t e d  between t h e  boundar ies o f  t h e  
Ouaddaï and t h e  Baguirmeh. The l a n d  was covered w i t h  mature f o r e s t s  and dense, t h o r n y  
undergrowth,  wh ich  served as t h e  r e f u g e  o f  l i o n ,  e lephan t  and r h i n o c e r o s .  

"Saboun deployed an advance p a r t y  of  two "agu ids " (ch ie fs )  , each w i t h  f o u r  thousand 
slaves, t o  chop down t h e  t r e e s  and t o  throw a s i d e  t h e  l a r g e  rocks,  and thus  t o  open 
a passable r o u t e  f o r  h i s  t roops .  These advance p a r t i e s  preceded t h e  m a j o r  p a r t  o f  
t h e  army by a t  l e a s t  an hour .  The s laves  were armed w i t h  h a t c h e t s  t o  c u t  down t h e  
t r e e s  and t o  mark o u t  and c l e a r  a t rack " .  

Then, as rega rds  t h e  e x p e d i t i o n  a g a i n s t  t h e  Dar Tama : 

"The e x p e d i t i o n  en te red  an expansive land,  covered a lmost  e n t i r e l y  b y  mounta in 
peaks and dense f o r e s t s .  The Dar Tama p o p u l a t i o n s  h i d  themselves i n  t h e  t ree-covered 
m a s s i f s  and caught t h e  Ouaddaï e x p e d i t i o n  b y  s u r p r i s e .  Saboun recogn ized  t h e  n a t u r a l  
o b s t a c l e s  t h a t  s tood  i n  h i s  way and ordered t h e  t r e e s  t o  b e  c u t  down. The necessary 
measures were taken  and a lmost  t h r e e  months were spent i n  c l e a r i n g  t h e  f o r e s t s  and 
t h e  wooded s lopes.  A f t e r  b e i n g  c u t  down, t h e  t r e e s  were c o l l e c t e d  t o g e t h e r  i n  p i l e s  
and b u r n t  .I1 

D e p i e r r e  and G i l l e t  (1971) comment on these w r i t i n g s  as f o l l o w s  : 

"Th is  i n f o r m a t i o n ,  though s u c c i n c t  i n  na tu re ,  i n c o n t e s t a b l y  leaves an impress ion  
o f  an Ouaddaï much more wooded and much l e s s  a r i d  t h a n  i t  i s  a t  t h e  p r e s e n t  t ime. 
A ( r i v e r )  Batha f l o w i n g  throughout  t h e  year  and t h e  impenetrab le f o r e s t s  o f  Dar Tama 
seem t o  be a f a r - o f f  dream. And i t  seems h a r d l y  l i k e l y  t h a t  a column o f  c a v a l r y  would 
today r e q u i r e  8 O00 s laves  t o  open t h e  road  f rom Ouaddaï t o  Bagui rmi .  

"From t h e  h y d r o l o g i c a l  s tandpo in t ,  t h e  process o f  d e s e r t i z a t i o n  i s  m a n i f e s t  i n  
t h e  disappearance o f  semi-permanent poo ls ,  t h e  t r a n s f o r m a t i o n  o f  permanent p o o l s  
i n t o  temporary poo ls ,  t h e  dry ing-up o f  w e l l s  and t h e  decreased f l o w  o f  t h e  ma jo r  
r i v e r s . "  

The c o n v i n c i n g  accounts g i v e n  b y  B a r t h  (1853), F e r r a n d i  (1910), Carbou (1912), 
Grossard (1925) and Malbrand (1950) p r o v i d e  f u r t h e r  evidence o f  t h i s  e v o l u t i o n a r y  
change i n  t h e  p l a n t  cover  o f  t h e  zone, a change wh ich  cannot be d i spu ted .  

In  a d d i t i o n  t o  p o s s i b l e  c l i m a t i c  causes, i t  can be c la imed t h a t  t h i s  deg rada t ion  
o f  t h e  p l a n t  cove r  i s  e s s e n t i a l l y  a t t r i b u t a b l e  t o  t h e  a c t i o n  o f  man and h i s  l i v e s t o c k .  
Man c u t s  down t h e  f o r e s t  t o  s a t i s f y  h i s  needs f o r  wood ( b u i l d i n g ,  h e a t i n g )  and l a n d  
( a g r i c u l t u r e )  and s t r i p s  t h e  branches f rom t r e e s  and bu rns  t h e  v e g e t a t i o n  i n  o r d e r  
t o  p r o v i d e  food f o r  h i s  herds.  As rega rds  t h e  d i r e c t  e f f e c t  o f  l i v e s t o c k ,  r e f e r e n c e  
m i g h t  be made t o  D e p i e r r e  and G i l l e t  (1971)  who w r i t e  : 

"The most p a l a t a b l e  p l a n t s  a r e  t h e  f i r s t  t o  be a f f e c t e d .  The p l a n t  a s s o c i a t i o n ,  
d e p r i v e d  o f  a number o f  i t s  c h a r a c t e r i s t i c  f ea tu res ,  i s  d ismant led.  The e q u i l i b r i u m  
i s  d i s r u p t e d .  The c a t t l e  a re  u n s a t i a t e d  and a re  pushed by hunger t o  consume species 
wh ich  a r e  u s u a l l y  i gno red .  The o r i g i n a l  a s s o c i a t i o n  i s  pe rmanen t l y ' b roken  asunder, 
and secondary spec ies  c o l o n i z e  t h e  r e s u l t a n t  open spaces. These species a r e  i n c r e s i n g -  
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l y  l e s s  a p p r e c i a t e d  b y  the  c a t t l e ,  which devour t h e  few rema in ing  p a l a t a b l e  p l a n t s .  
Once t h e  processes o f  break-up o f  t h e  a s s o c i a t i o n  a re  i n i t i a t e d ,  t h e y  can but be 
a m p l i f i e d .  The amount o f  a v a i l a b l e  food  c o n t i n u e s  t o  d i m i n i s h  and t h e  l i v e s t o c k  
e x e r t  t h e  same g r a z i n g  p ressu re  on an i n c r e a s i n g l y  reduced number o f  t u f t s  o f  herbage. 

"The damage caused by o v e r g r a z i n g  i s  r e i n f o r c e d  th rough  o v e r t r a m p l i n g  b y  t h e  
l i v e s t o c k .  T h e i r  hooves c rush  and f l a t t e n  t h e  v e g e t a t i o n  and, e v e n t u a l l y ,  when t h e  
s o i l  breaks up, t h e y  expose and t h e n  t e a r  up t h e  p l a n t  r o o t s .  T h i s  sequence has 
i n e v i t a b l y  taken  p l a c e  around s e t t l e m e n t s  and w a t e r i n g  p l a c e s  where t h e  s t o c k i n g  
r a t e s  o f  l i v e s t o c k  have markedly  exceeded t h e  c a r r y i n g  c a p a c i t i e s  o f  t h e  pastures."  

Given these c o n d i t i o n s ,  t h e  f o r e s t e r  undoubtedly  has a r o l e  t o  p l a y  b o t h  i n  t h e  
d e f i n i t i o n  o f  degraded areas and i n  r e s t o r a t i o n  work. Whi le  t h e  t r u e  Sahe l i an  r e g i o n ,  
enc losed b y  t h e  200 and 500 mm i s o h y e t s ,  i n c l u d e s  v e r y  few f o r e s t s  ( in  t h e  s t r i c t  
sense o f  t h e  term),  t r e e s  a re  n e v e r t h e l e s s  f a r  f rom b e i n g  absent.  They even c o n s t i t u t e  
a preponderant  element i n  t h e  thornbush steppe landscape. I n  a d d i t i o n ,  t h e y  p l a y  a 
s p e c i f i c  r o l e  i n  t h e  e c o l o g i c a l  and economic e q u i l i b r i u m  o f  t h e  zone, as f o l l o w s  : 

- l o w e r i n g  o f  t h e  s a t u r a t i o n  and e v a p o r a t i o n  d e f i c i t s  o f  t h e  s o i l ;  
- f i x a t i o n  o f  s o i l s  and p r o t e c t i o n  a g a i n s t  r a i n -  and wind- induced e ros ion ;  
- p r o d u c t i o n  o f  f o rage  f o r  g r a z i n g  animals,  p a r t i c u l a r l y  a t  t h e  end o f  t h e  d r y  season; 
- p r o d u c t i o n  o f  wood f o r  f i r e s ,  b u i l d i n g  and domest ic  use; 
- p r o d u c t i o n  o f  f ood  ( f r u i t s  and leaves )  and o f  pha rmaceu t i ca l  p roduc ts  f o r  man. 

The f o r e s t e r  can t h e r e f o r e  i n t e r v e n e  in  : 

- r e g e n e r a t i o n  o f  v e g e t a t i o n  and s o i l  conse rva t i on ;  
- a g r i c u l t u r a l  and animal  husbandry ope ra t i ons ;  
- p r o v i s i o n  o f  f i r ewood .  

CONSERVATION AND REGENERATION OF FOREST VEGETATION AND S O I L S  

Natura l  regenerat ion 

Regenerat ion o f  t h e  t r e e s  o f  t h e  Sahel o c c u r s ' o n l y  i n  c e r t a i n  years,  when t h e  
r a i n y  season i s  p a r t i c u l a r l y  f avou rab le .  However, seeds a r e  found i n  abundance p rac -  
t i c a l l y  everywhere. From t h e  onset  o f  t h e  r a i n s ,  a c e r t a i n  percentage o f  these seeds 
germinates,  though t h e  p l a n t u l e s  s u b s i s t  o n l y  i f  t h e  s o i l  remains s u f f i c i e n t l y  m o i s t .  
Subsequently, a p r o l o n g a t i o n  o f  t h e  r a i n s  i s  necessary f o r  t h e  r o o t  systems t o  b e  
imp lan ted  a t  dep th  and f o r  a e r i a l  t i s s u e  t o  b e  produced. The v a r i a b i l i t y  o f  r a i n f a l l  
e x p l a i n s  t h e r e f o r e  t h e  appearance and development o f  regenera ted  i n d i v i d u a l s  d u r i n g  
c e r t a i n  yea rs  and i n  r e s t r i c t e d  l o c a l i t i e s .  The d i s s e m i n a t i o n  and g e r m i n a t i o n  o f  
c e r t a i n  seeds, p a r t i c u l a r l y  those o f  Acacia spp., a re  g r e a t l y  f a c i l i t a t e d  by i n g e s t i o n  
b y  l i v e s t o c k ,  wh ich  consume t h e  pods and egest  t h e  seeds. The dormancy o f  t h e  l a t t e r  
i s  b roken  a f t e r  passage through t h e  d i g e s t i v e  t r a c t  o f  t h e  g r a z i n g  animals.  During 
favourab le  pe r iods ,  r e g e n e r a t i o n  can be ex t reme ly  r a p i d .  Young t h i c k e t s  appear 
a b r u p t l y  i n  l o c a l i t i e s  wh ich  have been b a r e  o f  t r e e s  f o r  a number o f  yea rs  ( t h e  rege- 
n e r a t i o n  o f  Acacia ehrenbergiana b e i n g  t i e d  up w i t h  t h e  a c t i v i t y  o f  l i v e s t o c k ,  t h a t  
o f  Acacia senegaz b e i n g  l i n k e d  s imu l taneous ly  w i t h  t h e  abandonment o f  a g r i c u l t u r e  
and w i t h  l i v e s t o c k  a c t i v i t y ,  e t c . ) .  

Th i s  n a t u r a l  r e g e n e r a t i o n  has t o  contend, however, w i t h  a number o f  un favourab le  
f a c t o r s .  

- I f ,  owing t o  un favourab le  c o n d i t i o n s  a t  t h e  b e g i n n i n g  o f  t h e  r a i n y  season, t h e  new 
p l a n t s  do n o t  have t i m e  t o  develop t h e i r  r o o t i n g  system s u f f i c i e n t l y  b e f o r e  t h e  onset  
o f  t h e  d r y  season, t h e y  w i l l  d r y  o u t  more o r  l e s s  r a p i d l y  and p e r i s h .  
- There i s  s t r o n g  c o m p e t i t i o n  between i n d i v i d u a l  p l a n t s  f o r  water ,  and s e l e c t i o n  
favours  t h e  more r o b u s t  ones. 
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- A good r a i n y  season favours  n o t  o n l y  t h e  r e g e n e r a t i o n  o f  t r e e s  but a l s o  t h e  g rowth  
o f  t h e  grass s t ra tum, which subsequent ly  d r i e s  o u t .  The r i s k  o f  bush f i r e s  then  
becomes c r i t i c a l ,  s i n c e  these f i r e s  can d e s t r o y  the  young growth.  
- I f  t h e  t r e e s  grow on f a l l o w  land,  t h e  farmer i s  l i a b l e  t o  r e t u r n  and t o  d e s t r o y  t h e  
regenera ted  growth through p l a n t i n g  one o r  two u n c e r t a i n  crops o f  m i l l e t .  
- F i n a l l y ,  l i v e s t o c k  can a l s o  d e s t r o y  t h e  regenerated p l a n t s .  F r a g i l e  species (e.g. 
ScZerocarya b i r r e a )  disappear  immediate ly ,  w h i l e  o t h e r ,  l e s s  f r a g i l e  species t h a t  a r e  
a p p r e c i a t e d  b y  l i v e s t o c k  t a k e  on d i s t o r t e d  forms (e.g. Maerua c r a s s i f o l i a ) .  The unpa- 
l a t a b l e  species s u b s i s t ,  and i t  i s  thus t h a t  t h e  genera l  d e g r a d a t i o n  o f  t h e  Sahel i s  
accompanied 'by t h e  m u l t i p l i c a t i o n  o f  CaZotropis procera. Though consumed b y  camels, 
i t  seems t h a t  BaZanites aegyptiaca a l s o  has a g r e a t e r  r e s i s t a n c e  than  more s e n s i t i v e  
species.  

I n  t h e  p e r i o d  l e a d i n g  up t o  1968, t h e  s t o c k i n g  r a t e  i n  t h e  Sahel  - which had been 
i n c r e a s i n g  c o n t i n u o u s l y  d u r i n g  t h e  p reced ing  twenty yea rs  a t  l e a s t  - had p r o g r e s s i v e l y  
des t royed  t h e  n a t u r a l  regenera t i on .  Furthermore, t h e  d rough t  which has r e i g n e d  s i n c e  
1968 has n o t  favoured regenera t i on .  There i s  t hus  a g e n e r a l  ageing o f  t h e  a r b o r e a l  
v e g e t a t i o n  o f  t h e  Sahel. In  a d d i t i o n ,  t h e  drought  has r e s u l t e d  i n  imbalance i n  t h e  
o v e r a l l  wa te r  economy o f  t h i s  a r b o r e a l  v e g e t a t i o n .  The l e s s  r e s i s t a n t  t rees ,  p a r t i -  
c u l a r l y  o l d e r  i n d i v i d u a l s  and r e p r e s e n t a t i v e s  o f  c e r t a i n  species (e.g. Acacia 
raddiana, Comiphora a f r i cana) ,  have d i e d  and have even been b lown  down b y  the  wind, as 
in  t h e  Manga r e g i o n  and in  t h e  n o r t h  o f  Djermaganda i n  N i g e r .  

The p r e s e n t  t r e e  cover o f  t h e  Sahel  i s  t h e r e f o r e  much l e s s  dense than i n  former 
t imes and i t s  average age i s  much g r e a t e r .  Rain- and, above a l l ,  wind- induced e r o s i o n  
a r e  more i n t e n s e .  Thus, t h e  r e s e r v o i 5  o f  t he  Ibohamane dam i n  t h e  Department o f  
Tahoua, N i g e r ,  accumulated 220 O00 m o f  a l l u v i a l  m a t e r i a l  i n  1972. T h i s  amount o f  
d e p o s i t s  c o u l d  n o t  p o s s i b l y  have r e s u l t e d  s o l e l y  f rom wa te r  e ros ion ,  f o r  i t  would 
r e p r e s e n t  a s o i l  l o s s  o f  3 1  tons /ha  i n  t h e  dra inage b a s i n ,  which i s  much too l a r g e  
in  v i e w  o f  b o t h  t h e  l ow  r a i n f a l l  o f  t h e  year  i n  q u e s t i o n  ( l e s s  t h a n  300mm) and t h e  
e r o s i o n - r e s i s t a n t  n a t u r e  o f  t h e  s o i l .  The damage caused b y  e r o s i o n  i s  n o t  always 
e v a l u a t e d  c o r r e c t l y .  

Wh i le  t h e r e  has indeed been a l o w e r i n g  o f  ground wa te rs  in  r e c e n t  years due t o  
l o w  r a i n f a l l ,  t h e  i nc reased  r u n - o f f  - c a r r y i n g  water  t o  t h e  r i v e r s  and t o  t h e  sea - 
i s  a l s o  l a r g e l y  r e s p o n s i b l e .  The i n c r e a s i n g  dep th  o f  ground waters ,  and the  lowered 
w a t e r - r e t e n t i o n  c a p a c i t y  o f  t h e  s o i l s ,  i s  r e t a r d i n g  t r e e  r e g e n e r a t i o n  and a g g r a v a t i n g  
d e s e r t i z a t i o n  i n  t h e  Sahel. 

I t  seems l i k e l y  t h a t  t h e  severe drought  which has r e i g n e d  s i n c e  1968 w i l l  be 
f o l l o w e d  by a more r a i n y  p e r i o d .  Favourable r a i n s  and t h e  r e l a t i v e  absence o f  l i v e -  
s t o c k  ( t h e  l a t t e r  h a v i n g  been decimated d u r i n g  t h e  drought)  w i l l  have a s i g n i f i c a n t  
e f f e c t  on r e g e n e r a t i o n  where s o i l s  a re  favourable.  I t  w i l l b e e s s e n t i a l  t o  p rese rve  
t h i s  regenera ted  growth. The r e c o n s t i t u t i o n  o f  t h e  c a t t l e  he rds  - which i s  envisaged 
in  t h e  development programmes o f  a l l  Sahe l i an  governments - should p r o v i d e  f o r  much 
lower  numbers o f  c a t t l e  than  t h e r e  were i n  1968. The overwhelming d e s i r e  o f  t h e  
nomadic p o p u l a t i o n s  t o  r e c o n s t i t u t e  t h e i r  herds - w i t h  o r  w i t h o u t  governmental  
a s s i s t a n c e  - should always t a k e  account o f  t he  e c o l o g i c a l  i m p e r a t i v e  t o  p r o t e c t  t h e  
r e g e n e r a t i v e  growth.  

Pro tec t i ve  measures 

In  s p i t e  o f  t h e  p a r t i c u l a r l y  un favourab le  c i rcumstances,  t h e r e  e x i s t  i n  t h e  
Sahel  a t  t h e  p r e s e n t  t ime  thousands o f  h e c t a r e s  o f  young t h i c k e t s  which r i s k  b e i n g  
des t royed  b y  f i r e ,  l i v e s t o c k  and t h e  r e t u r n  o f  l a n d  t o  c u l t i v a t i o n .  

I t  would appear wor th -wh i l e  t o  p r o t e c t  these " n a t u r a l  p l a n t a t i o n s "  which have 
s u r v i v e d  t h e i r  hazardous e a r l y  years,  r a t h e r  t h a n  t o  under take  t h e  c o s t l y  r e a f f o -  
r e s t a t i o n  schemes t h a t  a re  o f t e n  proposed but whose success i s  h igh ly  u n c e r t a i n .  
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T'he example of gum t r e e  groves ( "gomeraies")  

The groves o f  gum t r e e s  (Acacia senegal) i n  t h e  Gouré r e g i o n  o f  N i g e r  p r o v i d e  
a good i l l u s t r a t i o n  o f  " n a t u r a l  p l a n t a t i o n " .  T h i s  t r e e  i s  r e l a t i v e l y  s h o r t - l i v e d ,  and 
t h e  p l a n t a t i o n s  wh ich  were p l a c e d  under p r o t e c t i o n  between 1 9 4 0  and 1 9 5 0  have p rac -  
t i c a l l y  a l l  d isappeared. No r e g e n e r a t i o n  has occu r red  in  these f o r e s t s .  O n  t h e  o t h e r  
hand, o u t s i d e  t h e  p l a n t a t i o n  areas, t h e r e  a r e  numerous patches o f  dense r e g e n e r a t i o n ,  
o r i g i n a t i n g  f rom t h e  r a i n y  season o f  1 9 6 9 .  T h i s  r e g e n e r a t i o n  has f o l l o w e d  t h e  
i n v a s i o n  o f  abandoned a g r i c u l t u r a l  l a n d  by Acacia senegal, a n o t a b l e  c o l o n i z e r  o f  
f a l l o w  land.  The r e s t o c k i n g  o f  "gum t r e e  groves" i n  t h e  zone i s  t h e r e f o r e  p o s s i b l e ,  
i f  t h e  t h r e e  g r e a t  dangers o f  b u s h - f i r e s ,  consumption and damage by l i v e s t o c k  and, 
above a l l ,  r e t u r n  t o  a g r i c u l t u r e  a r e  avoided. D e l w a u l l e  ( 1 9 7 4 )  has w r i t t e n  on t h i s  
t o p i c  as f o l l o w s  : 

"I t  i s  t h e r e f o r e  necessary t o  l o c a t e  a l l  these young groves o f  gum t r e e s  and t o  
p r o t e c t  them. We a re  convinced t h a t  t h e r e  a re  s e v e r a l  thousands o f  h e c t a r e s  o f  poten-  
t i a l  gum t r e e  groves i n  t h e  r e g i o n  t h a t  should be p r o t e c t e d .  The necessary rescue 
o p e r a t i o n  comprises fo.ur aspects  : 

- i d e n t i f i c a t i o n  and l o c a t i o n  o f  t h e  groves, wh ich  r e q u i r e  a ne twork  o f  pros -  

- d e l i m i t a t i o n  and p r o t e c t i o n  o f  t h e  young groves o f  gum t r e e s ;  
- d e f i n i t i o n  and imp lemen ta t i on  o f  r e g u l a t i o n s  concern ing  t h e  s t a t u s  o f  these 

p e c t i n g  agents;  

groves o f  gum t r e e s  ( l a n d  t o  b e  exc luded f rom c u l t i v a t i o n  f o r  a t  l e a s t  f i f t e e n  
years,  r e p e a l  o f  r i g h t s  o f  usage, i n t r o d u c t i o n  o f  f i n e s  f o r  i n f r a c t i o n s ,  e v e n t u a l  
r e t u r n  t o  a g r i c u l t u r e ) ;  

r a t i o n  o f  l a b o u r  e f f e c t e d  b y  t h e  l o c a l  p o p u l a t i o n ,  a p p r o p r i a t i o n  o f  t h e  gum b y  t h e  
farmers, s imul taneous abandonment o f  t h e  o l d  groves)" .  

- i n i t i a t i o n  o f  a compensatory scheme f o r  l a n d s  developed i n  t h i s  way (remune- 

A development p r o j e c t  f o r  t h i s  r e g i o n  has env isaged t h e  p r e s e r v a t i o n  o f  2 O00 h a  
o f  n a t u r a l l y - r e g e n e r a t e d  gum t r e e s  a t  a t o t a l  c o s t  o f  2 0  m i l l i o n  F CFA , t h a t  i s ,  
an investment  o f  10 O00 F CFA/ha. The p r o j e c t  es t ima tes  an income f o r  t h e  farmer o f  
2 800 F CFA/ha/year between t h e  f i f t h  and f i f t e e n t h  yea rs  o f  t h e  p r o j e c t .  To t h i s  
n e t  revenue o f  56 m i l l i o n  F CFA ove r  a ten-year p e r i o d  must be added an o p e r a t i n g  
p r o f i t  o f  1 6  m i l l i o n  F CFA f o r  COPRO-NIGER, a t r a d i n g  company concerned p a r t i c u l a r l y  
w i t h  a r a b i c  gum. Moreover, t h e  o p e r a t i o n  m igh t  w e l l  p l a y  an e d u c a t i v e  r o l e  i n  encou- 
r a g i n g  t h e  a g r i c u l t u r a l i s t s  t o  i n c l u d e  groves o f  gum t r e e s  i n  t h e i r  r o t a t i o n a l  
f a rm ing  systems. Such a c u l t i v a t i o n - b u s h - f a l l o w  system i s  c u r r e n t l y  w e l l - e s t a b l i s h e d  
p r a c t i c e  in  t h e  Kordo fan  a rea  o f  Sudan, and t h e  development o f  such a c t i v i t y  i n  N i g e r  
c o u l d  r e s u l t  i n  some 10 O00 h a  o f  dense, n a t u r a l  groves o f  gum t r e e s ,  more t h a n  
d o u b l i n g  t h e  p r o d u c t i o n  o f  gum t r e e s  i n  t h e  coun t ry .  

I f ,  i n  t h i s  p a r t i c u l a r  case, a p l a n t a t i o n  had been foreseen, a t e n f o l d  i n c r e a s e  
in  t h e  amount i n v e s t e d  would be r e q u i r e d  t o  o b t a i n ,  a t  b e s t ,  t h e  same y i e l d  f rom t h e  
same s u r f a c e  area. I n  a d d i t i o n ,  t h i s  investment  would n o t  have p r o v i d e d  f o r  t h e  
p o p u l a r i z a t i o n  o f  knowledge a t  t h e  l e v e l  o f  t h e  farmers.  

Protec t ion  of o ther  species 

I t  i s  l i k e l y  t h a t  t h e  " rescue o p e r a t i o n "  f o r  t h e  gum t r e e s  w i l l  b e  
t h e  near  f u t u r e ,  because i t  has been p o s s i b l e  t o  e s t a b l i s h  t h e  economic 
o f  t h e  o p e r a t i o n .  T h i s  g r e a t l y  f a c i l i t a t e s  t h e  o b t a i n i n g  o f  c r e d i t  f rom 
sources. 

r e a l i z e d  i n  
p r o f  i t a b i l  i t y  
f u n d i n g  

By employ ing s i m i l a r  methods, i t  would be p o s s i b l e  t o  safeguard thousands o f  
hec ta res  o f  regenerated,  and o f t e n  dense, Acacia spp. ( A .  radd ima,  A. a lb ida ,  
A .  ehrenbergiana, A .  laeta,  A.  n i l o t i c a  va r .  adansonii, A. s i e b e r i m a ) .  However, i t  

50 F CFA = 1 French f r a n c  = U.S. 3 0.2 ( 1 9 7 4  r a t e  o f  exchange). 
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w i l l  be d i f f i c u l t  t o  demonstrate t h e  economic v i a b i l i t y  o f  t h e  proposed under tak ing ,  
a p a r t  f rom A. a lb ida ,  wh ich  i s  a species o f  t h e  Sudano-Sahelian zone r a t h e r  than  
t h e  Sahel. Never the less,  o t h e r  advantages o f  such a c t i o n s  a re  r e a d i l y  ev iden t ,  as 
i l l u s t r a t e d  b y  t h e  d e t a i l e d  obse rva t i ons  o f  D e p i e r r e  and G i l l e t  (1971) on a p r o t e c t e d  
p l o t  e s t a b l i s h e d  i n  1961 b y  t h e  f o r e s t r y  s e r v i c e  i n  t h e  o u t s k i r t s  o f  Abéché i n  Chad. 
I n  t e n  years,  t h e  number o f  t r e e s  above 2m i n  h e i g h t  had quadrupled, t h e  herbaceous 
l a y e r  had t h i c k e n e d  in  t h e  shade p r o v i d e d  b y  the  t rees ,  t h e  s o i l  had been almost 
comp le te l y  covered by vege ta t i on ,  e t c .  

I t  i s  o f  course d i f f i c u l t  t o  eva lua te ,  i n  monetary terms, t h e  c o s t  o f  s o i l  l o s s ,  
t h e  v a l u e  o f  an i n c r e a s e  i n  t h e  wa te r  r e t e n t i o n  c a p a c i t y  o f  t h e  s o i l ,  t h e  s u r v i v a l  
o f  a p a t c h  o f  f o rage  during a famine pe r iod ,  t h e  r e d u c t i o n  o f  atmospher ic a c i d i t y ,  
t h e  advantages o f  shade and t h e  m e s o p h y l l i c  f o rage  p l a n t s  which i t  a t t r a c t s ,  e t c .  
Within t h e  framework o f  a s s i s t a n c e  t o  Sahe l i an  c o u n t r i e s ,  i t  i s  however p o s s i b l e  t o  
p r o v i d e  f i n a n c e  f o r  t h i s  t y p e  o f  a c t i o n ,  b u t  o n l y  l i m i t e d  funds can be expected, and 
o n l y  rescue o p e r a t i o n s  a t  t h e  l o c a l  l e v e l  can be envisaged. I n  t h i s  connexion, a 
p r o j e c t  f o r  p a s t u r e  c o n s e r v a t i o n  i s  c u r r e n t l y  under way i n  t h e  T c h i n  Tabaraden d i s -  
t r i c t  o f  N i g e r .  T h i s  c o u l d  i n c l u d e  t h e  sa feguard ing  o f  l o c a l  bush regenera t i on .  

OveraZZ p ro tec t i on  poZicy 

I t  i s  n o t  p o s s i b l e  t o  p r o t e c t  s y s t e m a t i c a l l y  a l l  t h e  r e g e n e r a t i v e  growth i n  t h e  
Sahel. O n  t h e  o t h e r  hand i t  i s  i m p o r t a n t  t o  l e a v e  l a r g e  s u r f a c e  areas under f a l l o w  
f o r  a t ime, f o l l o w i n g  a p e r i o d i c  r o t a t i o n  i n  o r d e r  t o  f a c i l i t a t e  herbaceous and 
woody regenera t i on .  Such p r o t e c t i o n  i s  n o t  ensured by barbed w i r e ,  as can be i l l u s -  
t r a t e d  by a r e c e n t  occurrence a t  t h e  Ek ra fane  Ranch ( N i g e r ) .  T h i s  ranch, wh ich  had 
f o l l o w e d  a c o n t r o l l e d  g r a z i n g  p o l i c y ,  was invaded d u r i n g  t h e  d r y  season o f  1972-1973 
b y  he rds  o f  l i v e s t o c k ,  w i t h  t h e  r e s u l t  t h a t  t h a t  a rea  o f  t h e  ranch  i s  now i n  a more 
degraded s t a t e  than i t s  immediate surroundings.  

The p e r i o d i c  c l o s u r e  o f  w a t e r i n g  h o l e s  would appear t o  p r o v i d e  a s o l u t i o n .  T h i s  
would r e q u i r e  t h e  complete coverage o f  t h e  Sahel  by deep bore-holes and t h e  s t r o n g  
r e s o l v e  t o  use them i n  r o t a t i o n .  U n f o r t u n a t e l y ,  i t  seems a t  p r e s e n t  l i k e l y  t h a t  
numerous a d d i t i o n a l  bore-holes w i l l  be sunk b u t  w i t h o u t  adop t ing  r e g u l a t i o n s  f o r  
t h e i r  use. Consequently, new p a s t u r e  areas w i l l  be opened and t h e  v e g e t a t i o n  w i l l  
be s u b j e c t e d  t o  c o n s i s t e n t  and excess i ve  pressure.  Regenerat ion w i l l  be prec luded,  
and t h e  advent  o f  a d r y  p e r i o d  w i l l  h e r a l d  a new d i s a s t e r .  Yet i t  i s  p o s s i b l e  t h a t  
a l ower  s t o c k i n g  r a t e  c o u l d  produce as much m i l k  and meat as an excess ive number 
o f  l i v e s t o c k .  The key  f a c t o r  i s  t h e  management o f  t h e  herds.  I n  p a r t i c u l a r ,  t h e  
p a s t u r e s  wh ich  a re  p r o v i d e d  w i t h  w a t e r i n g  p o i n t s  should be used i n  r o t a t i o n ,  w i t h  
t h e  p e r i o d i c  p r o h i b i t i o n  o f  g r a z i n g  i n  an a rea  l i n k e d  s o l e l y  t o  t h e  c l o s u r e  o f  water-  
i ng  h o l e s  i n  t h a t  area. Such a p r o p o s a l  c a l l s  f o r  t h e  f o l l o w i n g  remarks : 

- p a s t u r e s  wh ich  l a c k  w a t e r i n g  p o i n t s  would n o t  be p r o h i b i t e d  t o  camels, which a re  
b e t t e r  adapted t o  c o n d i t i o n s  o f  wa te r  shor tage than  o t h e r  l i v e s t o c k ;  t h e  d e n s i t y  o f  
camels o n  p r o t e c t e d  pas tu res  would remain i n  any case v e r y  low; 
- d u r i n g  t h e  r a i n y  season g r a z i n g  would n o t  be fo rb idden ;  however, d u r i n g  t h i s  
pe r iod ,  pas tu rage  i s  abundant everywhere, and i t  i s  d i f f i c u l t  t o  see why  t h e r e  should 
b e  more l i v e s t o c k  i n  t h e  p r o t e c t e d  zones than elsewhere; t h e  s t o c k i n g  r a t e s  o f  l i v e -  
s t o c k  in  t h e  p r o t e c t e d  zones would be low, i f  n o t  n e g l i g i b l e ;  
- p o l i t i c a l  c o n s i d e r a t i o n s  c a r r y  much more weight ,  s i n c e  t h e  p r o t e c t i o n  o f  zones 
w i l l  be l ooked  upon u n s y m p a t h e t i c a l l y  b y  t h e  l o c a l  p o p u l a t i o n s ,  which w i l l  n o t  imme- 
d i a t e l y  a p p r e c i a t e  t h e  reasons f o r  t h i s  a c t i o n ;  i t  w i l l  be p a r t i c u l a r l y  d i f f i c u l t  
t o  w i t h s t a n d  t h e  v a r i o u s  p ressu res  f o r  reopening t h e  w e l l s ,  e s p e c i a l l y  d u r i n g  d r y  
yea rs  when t h e  l i v e s t o c k  a re  hungry and acceptable p a s t u r e  areas c o u l d  be found 
around t h e  c l o s e d  w a t e r i n g  h o l e s .  
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For  t h e  f o r e s t e r ,  t h e  most i m p o r t a n t  aspect  o f  p e r i o d i c  enc losu re  concerns t h e  
r o l e  o f  t r e e s  i n  t h e  f i g h t  a g a i n s t  r a i n -  and wind- induced e ros ion .  F o r  t h e  s tock-  
breeder ,  t r e e s  p r o v i d e  an i n v a l u a b l e  source o f  green forage,  e s p e c i a l l y  nea r  t h e  end 
o f  t h e  d r y  season. The genera l  p o l i c y  o f  enc losu re  l i e s  a t  t h e  h e a r t  o f  t h e  c o l l a b o -  
r a t i o n  between f o r e s t e r  and s tockbreeder .  The o n l y  p o i n t  o f  d i s c u s s i o n  concerns t h e  
p e r i o d i c i t y  o f  enc losure,  wh ich  has n o t  y e t  been de f i ned .  The f o r e s t e r  tends towards 
a l o n g  p e r i o d  o f  enc losure,  w h i l e  t h e  s tockbreeder  wishes t o  r e s t r i c t  t h e  p e r i o d  i n  
o r d e r  t o  make a v a i l a b l e  t h e  g r e a t e s t  p o s s i b l e  area o f  pas tu re .  

The s tockbreeder  and t h e  f o r e s t e r  shou ld  a l s o  co-operate i n  o t h e r  common f i e l d s  
o f  concern,  as f o l l o w s  : 

Excessive s t r i p p i n g  of branches 

The c o n s e r v a t i v e  s t r i p p i n g  o f  branches f rom t r e e s  i s  an a d m i s s i b l e  management 
p r a c t i c e .  However excess i ve  s t r i p p i n g ,  and more p a r t i c u l a r l y  i ncomp le te  s t r i p p i n g  
which leaves p a r t i a l l y - s e v e r e d  branches a t tached  t o  t r e e s ,  weakens t h e  t r e e s  through 
excess ive t r a n s p i r a t i o n ,  and leaves them an easy p r e y  t o  bush f i r e s .  T h i s  problem 
c a l l s  f o r  improvements i n  e d u c a t i o n  and c o n t r o l .  

Bush f i r e s  

The problems posed by bush f i r e s  i n  t h e  Sahel  have n o t  y e t  found a s a t i s f a c t o r y  
s o l u t i o n .  Only i n  Senegal has a f i r e - c o n t r o l  p o l i c y  been i n i t i a t e d .  Here, an a l b e i t  
somewhat d isconnected network o f  f i r e - b e l t s  has been e s t a b l i s h e d  i n  t h e  F e r l o ,  but 
i t  i s  d i f f i c u l t  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h i s  system. 

I n  t e r r i t o r i e s  which a r e  so v a s t  and w i t h  such d i s p e r s e d  p o p u l a t i o n s ,  i t  would 
appear d i f f i c u l t  t o  c o n t r o l  m a j o r  f i r e s  wh ich  have a l r e a d y  taken  h o l d .  Rather ,  i t  
would seem a p p r o p r i a t e  t o  focus a t t e n t i o n  on l o c a l i z e d  p r o t e c t i o n  through f i r e - b e l t s  
and on e d u c a t i o n a l  measures des igned t o  e l i m i n a t e  t h e  causes o f  t h e  f i r e s .  

PZantations of forage t r e e s  

P l a n t a t i o n s  a re  c o s t l y  under tak ings .  W i thou t  i r r i g a t i o n ,  p r o d u c t i o n  w i l l  b e  
l i m i t e d ,  no m a t t e r  what species i s  used. Economic c o n s i d e r a t i o n s  t h u s  t e n d  t o  pre-  
c lude  t h i s  t ype  o f  investment ,  a l l  t h e  more so s i n c e  t h e  same r e s u l t s  can be o b t a i n e d  
a t  l ower  c o s t  by p r o t e c t i o n  measures. 

I r r i g a t e d  p l a n t a t i o n s  a re  expensive,  but  t h e y  can i n c r e a s e  p r o d u c t i o n  t e n f o l d ,  
i n  p a r t i c u l a r  o f  f o rage  t r e e s  wh ich  supp ly  e s s e n t i a l  p r o t e i n s  d u r i n g  t h e  d r y  season. 
Thz unit v a l u e  o f  f o rage  produced d u r i n g  t h i s  p e r i o d  can be v e r y  h i g h  and can thus 
ensure t h e  p r o f i t a b i l i t y  o f  t h e  a f f o r e s t a t i o n  o p e r a t i o n .  

F u r t h e r  s t u d i e s  and t r i a l s  a re  needed, s i n c e  a p p a r e n t l y  l i t t l e  o r  n o t h i n g  has 
been done i n  t h i s  f i e l d  t o  date.  

ROLE OF THE FORESTER I N  SAHELIAN AGRICULTURE 

U n t i l  r e c e n t  years,  a g r i c u l t u r e  in  t h e  Sahel  was l i m i t e d  t o  c e r t a i n  f a v o u r a b l e  
zones, such as t h e  edges o f  poo ls ,  v a l l e y  bot toms and t h e  banks o f  ma jo r  r i v e r s .  
C u l t i v a t i o n  i n  t h e  Sahel  i s ,  i n  theory,  c o n t r o l l e d  b y  l e g i s l a t i o n ,  but  scan t  a t t e n t i o n  
i s  i n  f a c t  p a i d  t o  t h e  l e g a l  p r o v i s i o n s  and t h e r e  i s  an expansion o f  d r y  f a r m i n g  i n  
t h e  Sahel  which produces i n s i g n i f i c a n t  y i e l d s .  I t  would seem more r e a l i s t i c  t o  r e s -  
t r i c t  c u l t i v a t i o n  t o  f a v o u r a b l e  r e g i o n s .  



I r r i g a t e d  crops and p l m t a t i o n s  

The use o f  t h e  m a j o r  r i v e r s  f o r  i r r i g a t e d  a g r i c u l t u r e  c o n s t i t u t e s  an i m p o r t a n t  
element i n  t h e  development p o l i c i e s  o f  t h e  r e g i o n .  Thus, by i m p r o v i n g  and c o n t r o l l i n g  
t h e  R i v e r  N i g e r  h a l f  o f  t h e  a g r i c u l t u r a l  wa te r  needs o f  t h e  Repub l i c  o f  N i g e r  c o u l d  
be p rov ided .  Such h y d r a u l i c  works a re  j u s t i f i e d  when t h e  p r ime  c o s t  o f  t h e  waters  - 
e x c l u d i n g  t h e  c o s t s  o f  c i v i l  e n g i n e e r i n g  works but i n c l u d i n g  d e p r e c i a t i o n  o f  hydrau- 
l i c  p l a n t ,  e t c . - i s  i n  t h e  o r d e r  o f  3.80 t o  2.10 F CFA p e r  m 
b a s i n s  and 3.00 t o  3.50 F CFA p e r  m 
h o l d s  t r u e  when c o s t s  r a d i c a l l y  exceed these th resho lds ,  as i s  t h e  case f o r  irri- 
g a t i o n  f rom deep w e l l s ,  when c o s t s  can reach  50 F CFA p e r  m . The s e r i o u s  considera-  
t i o n  sometimes g i v e n  t o  deep-wel l  schemes shows t h a t  n o t  enough thought  has been 
g i v e n  t o  t h e  enormous consumption o f  wa te r  b y  crops, which bears  no r e l a t i o n  t o  
consumption b y  human and l i v e s t o c k  p o p u l a t i o n s .  F o r  example, developments o f  t h i s  
k i n d  i n  N i g e r  would r e q u i r e  : 

3 

f o r  t h e  i r r i g a t i o n  o f  
f o r  t h e  i r r i g a t i o n  o f  t e r r a c e s .  T h i s  no l o n g e r  

3 

- 25 O00 m /ha/year  f o r  i r r i g a t i o n  o f  two crops o f  r i c e ,  i n c l u d i n g  t h e  wa te r  

- 12 O00 m /ha f o r  one c rop  o f  “n iébé“ (cowpeas, Viigna spp.) w i t h  w a t e r i n g  f rom 
r e q u i r e d  f o r  s t u r a t i o n  o f  s o i l s ;  

November t o  March, though lower  amounts a re  r e q u i r e d  f o r  a more q u i c k l y  m a t u r i n g  

3 crop;  

3 

- 8 000-9 O00 m /ha f o r  each h a r v e s t  o f  out-of-season crops (wheat, maize, e t c . ) .  

In  c o n t r a s t ,  a town o f  100 O00 i n h a b i t a n t s  l i k e  Niamey draws l e s s  t h a n  0.3 m / 
second f rom t h e  r i v e r ,  an amount which corresponds t o  t h e  needs o f  150 h a  o f  irr i- 
ga ted  r i c e  c rop  a t  t h e  t i m e  o f  f i l l i n g  up o f  t h e  paddies.  S i m i l a r l y ,  t h e  annual  irr i- 
g a t i o n  o f  3 h a  o f  r i c e  paddies r e q u i r e s  an amount o f  wa te r  e q u i v a l e n t  t o  t h a t  needed 
b y  10 O00 head o f  c a t t l e .  

3 

3 
I t  can b e  r e a d i l y  a p p r e c i a t e d  t h a t  t h e  h i g h  c o s t  o f  wa te r  (10 F CFA/m ) can o n l y  

be j u s t i f i e d  b y  i t s  use f o r  3 i g h l y  p r o d u c t i v e  crops ( e . g . i n  market  gardening) .  When 
t h e  c o s t  r i s e s  t o  50 F CFA/m , t h e  o p e r a t i o n  must be permanent ly  subs id ized,  wh ich  
seems u n d e s i r a b l e .  

The f o r e s t e r  has a t  l e a s t  two r o l e s  t o  p l a y  i n  h y d r o - a g r i c u l t u r a l  management 
schemes : 

- f i r s t l y ,  i n  deve lop ing  a ne twork  o f  windbreaks, t h e  e f f e c t i v e n e s s  o f  wh ich  has 
been w e l l  demonstrated i n  i r r i g a t e d  c u l t i v a t i o n  ( f o r  example, i n  r e d u c i n g  evapora- 
t i o n ,  b u f f e r i n g  temperature extremes, r a i s i n g  y i e l d s ) ;  
- secondly,  i n  e f f e c t i n g  i r r i g a t e d  p l a n t a t i o n s  f o r  t h e  p r o d u c t i o n  o f  f i r e w o o d  and 
b u i l d i n g  p o l e s  i n  t h e  p r o x i m i t y  o f  h e a v i l y  popu la ted  zones. ( In t h i s  respec t ,  t h e  
y i e l d s  o b t a ’ n e d  by fas t -g row ing  and low-waste species,  p a r t i c u l a r l y  Eucalyptus, can 
exceed 25 m /ha/year .  A t  present-day p r i c e s ,  p r o d u c t i o n  l e v e l s  o f  t h i s  o r d e r  make 
t h e  o p e r a t i o n  b o t h  economica l l y  and s o c i a l l y  f e a s i b l e ) .  

3 

CuZt ivat ion i n  low-ly ing areas 

I n  a d d i t i o n ,  t h e  f o r e s t e r  can and shou ld  p l a y  a r o l e  i n  o a s i s  c u l t i v a t i o n ,  where 
a s e t t l e d  p o p u l a t i o n  t r a d i t i o n a l l y  grows garden crops through e x p l o i t a t i o n  o f  super- 
f i c i a l  ground waters .  The g e n e r a l  l o w e r i n g  of  t h e  wa te r  t a b l e  can be countered by 
a n t i - e r o s i o n  measures ( low r i d g e s  f o l l o w i n g  con tou r  l i n e s  i n  d ra inage  bas ins ,  d r y  
s tone dams across s m a l l  t r i b u t a r i e s ,  recharge  w e l l s  l o c a t e d  i n  t h e  main watercourses, 
e t c . ) .  Such techniques can be e f f e c t e d  manual ly .  Thus, a p r i e s t  o f  t h e  C a t h o l i c  
m i s s i o n  i n  the  T c h i r o z é r i n e  v a l l e y ,  50  km n o r t h  o f  Agades, has under taken - w i t h  
t h e  a s s i s t a n c e  o f  t h e  Tuareg p o p u l a t i o n s  - a number o f  wa te r  c o n s e r v a t i o n  schemes, 
and ground-water l e v e l s  have r i s e n  markedly  s i n c e  t h e  r a i n y  season o f  1973. 

48 



Acacia aiibida 

Whenever i t  has p roved  t e c h n i c a l l y  p o s s i b l e ,  t h e  i n t r o d u c t i o n  o f  t h e  "gao" 
(Acacia ai ibida) i n t o  c u l t i v a t e d  zones has l e d  t o  s o i l  enr ichment,  as w e l l  as p r o -  
v i d i n g  an a p p r e c i a b l e  c o n t r i b u t i o n  t o  t h e  a v a i l a b l e  f o r a g e  resources.  

Firewood 

I n  s p a r s e l y  p o p u l a t e d  zones, t h e r e  a re  s t i l l  l a r g e  numbers o f  t r e e s ,  and t h e  
g a t h e r i n g  o f  dead wood s a t i s f i e s  - a t  l ow  c o s t  - t h e  needs o f  t h e  l o c a l  p o p u l a t i o n s ,  
as i n  t h e  A b e r b i s s i n a t  r e g i o n  o f  N i g e r .  

In  more densely  p o p u l a t e d  areas, t r e e s  have p r a c t i c a l l y  d isappeared and remed ia l  
measures a re  c a l l e d  f o r ,  p a r t i c u l a r l y  s i n c e  n a t u r a l  r e g e n e r a t i o n  in  these areas does 
n o t  have t h e  p r o v i s i o n  o f  wood as i t s  ma jo r  o b j e c t i v e .  Where wa te r  i s  r e a d i l y  and 
cheaply  a v a i l a b l e  (ma in l y  n e a r  m a j o r  r i v e r s ) ,  t h e  i r r i g a t i o n  o f  p l a n t a t i o n s  shou ld  
be envisaged, i n  o r d e r  t o  s a t i s f y  t h e  requ i remen ts  o f  towns (Timbuctoo, Gao, Niamey, 
N'Djamena, e t c . )  o r  t o  supply  t h e  needs o f  l o c a l  i n d u s t r i e s  ( f o r  example, f i s h  
smoking a t  M o p t i ) .  Where t h e  h i g h  c o s t  o f  wa te r  exc ludes t h e  i r r i g a t i o n  o f  p l a n t a -  
t i o n s ,  t h e  p rospec t  o f  d r y  p l a n t a t i o n s  i s  sometimes i n v i t i n g ,  as a t  Koré and Karaé, 
where d r y  p l a n t a t i o n s  have g i v e n  good r e s u l t s .  However, such r e s u l t s  a r e  p o s s i b l e  
o n l y  under v e r y  s p e c i a l  c o n d i t i o n s  (near wadi  edges, on r i c h  s o i l s  where t h e  wa te r  
t a b l e  i s  r e l a t i v e l y  nea r  t h e  su r face ,  e t c . ) .  G e n e r a l l y  speaking, d r y  p l a n t a t i o n s  
a r e  n o t  t o  b e  recommended. In  f a c t ,  though such p l a n t a t i o n s  can be success fu l ,  t h e y  
r e q u i r e  l a r g e  investments (150 O00 F CFA/ha) and a r e  based s o l e l y  on l o c a l ,  slow- 
growing species,  t h e  p r o d u c t i o n  o f  wh ich  i s  s c a r c e l y  h i g h e r  t h a n  t h a t  wh ich  can b e  
o b t a i n e d  - w i t h  a much lower  i n i t i a l  investment  - f rom n a t u r a l  r e g e n e r a t i o n .  I n  t h i s  
respect ,  we cons ide r  u t o p i c  t h e  i d e a  o f  u s i n g  p l a n t a t i o n s  as a b a s i s  f o r  green 
b a r r i e r s  a g a i n s t  d e s e r t  encroachment. 

The most e f f e c t i v e  s o l u t i o n  l i e s  i n  t h e  t r a n s p o r t a t i o n  o f  f u e l  f r o m  o u t s i d e  
reg ions .  A p p r o p r i a t e  management measures shou ld  be implemented i n  wooded areas t h a t  
a re  s u i t a b l e  f o r  e x p l o i t a t i o n .  The convers ion  o f  wood i n t o  
p o r t  c o s t s  and would p r o v i d e  a lower-cost  f u e l .  

c h a r c o a l  would reduce t r a n s -  

Other, more r a d i c a l  s o l u t i o n s  fo resee  t h e  rep lacement  
o f  energy ( p e t r o l ,  n a t u r a l  gas, s o l a r  energy) and c e r t a i n  
c o u n t r i e s  such as A l g e r i a  and L i b y a  a re  engaged i n  promot 
c o u l d  a l l e v i a t e  a c u r r e n t l y  heavy burden f o r  t h e  Sahel. 

In  any case, as concerns t h e  supp ly  o f  f i r e  wood, t h e  

o f  wood b y  o t h e r  sources 
pet ro leum-producing 
n g  such p o l i c i e s .  T h i s  

e x p l o i t a t i o n  o f  wooded 
he n o r t h e r n  zones shou ld  areas should be s t r i c t l y  c o n t r o l l e d ,  and t r e e - c u t t i n g  i n  

be avoided. Thus N i g e r i a  has r e c e n t l y  f o r b i d d e n  a l l  c u t t i n g  i n  t h e  n o r t h  o f  t h e  
country ,  wh ich  i s  p r e s e n t l y  s u p p l i e d  w i t h  wood f rom t h e  sou the rn  p a r t  o f  N i g e r  where 
c o n t r o l l e d  c u t t i n g  i s  undertaken. Under t h e  c i rcumstances, a s t r i c t  embargo on a l l  - - 
wood expor t s  i s  c a l l e d  f o r .  

There e x i s t  n e v e r t h e l e s s  i n  t h e  Sudano-Sahelian zone areas wh ich  a r e  v e r y  spar-  
s e l y  popu la ted  and wh ich  c o u l d  se rve  as r e f u g e s  f o r  p o p u l a t i o n s  f l e e i n g  f r o m  t h e  
drought.  The development o f  a s u i t a b l e  p l a n n i n g  framework would f a c i l i t a t e  t h e  s e t t l e -  
ment o f  these p o p u l a t i o n s .  Thus, N i g e r  c o u l d  develop t h e  Say reg ion ;  Upper V o l t a  i s  
deve lop ing  t h e  v a l l e y s  o f  t h e  V o l t a  r i v e r ;  M a l i  has e x t e n s i v e  s u i t a b l e  areas i n  t h e  
south-west o f  t h e  coun t ry ;  Senegal has s i m i l a r  areas, though o f  l e s s e r  e x t e n t ,  i n  
i t s  south-east reg ion .  The e r a d i c a t i o n  o f  o n c h o c e r c i a s i s  ( r i v e r  b l i n d n e s s )  th rough  
a r e g i o n a l  a c t i o n  programme w i l l  c o n t r i b u t e  t o  t h e  s o l u t i o n  o f  t h e  problems o f  
immig ra t i on .  
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SILVICULTURAL PROBLEMS 

Forest species and v a r i e t i e s  

Introduced species 

T e c h n i c a l  workers a re  o f t e n  c r i t i c i z e d  f o r  n o t  u s i n g  e x o t i c  species r e p u t e d  
f o r  t h e i r  r e s i s t a n c e  t o  drought .  Indeed, few e x o t i c  spec ies a re  t o  b e  seen i n  t h e  
Sahel, b u t  t h i s  i s  n o t  due t o  l a c k  o f  i m a g i n a t i o n  on t h e  p a r t  o f  l o c a l  t e c h n i c i a n s .  
The reason i s  r a t h e r  t h a t  v e r y  few i n t r o d u c e d  species can w i t h s t a n d  t h e  l o c a l  env i ron -  
m e n t a l  c o n d i t i o n s ,  wh ich  a r e  among t h e  most severe i n  t h e  wor ld .  

Among t h e  i n t r o d u c e d  species,  men t ion  can, however, be made o f  t h e  f o l l o w i n g  : 

Eucalyptus : 73 d i f f e r e n t  spec ies in  t h e  Sahel o r  i n  t h e  n o r t h  o f  t h e  Sudano-Sahelian 
zone ( c i r c a  600 mm annual  r a i n f a l l ) ;  numerous provenances ( f o r  example, 29  f o r  E. 
camaZduZensis); however, o n l y  3 o r  4 e u c a l y p t  spec ies have proved u s e f u l ,  d r y  p l a n -  
t a t i o n s  b e i n g  i m p r a c t i c a b l e .  

Other  species : Acacia cyanophylla, Acacia cyc lop is ,  Acacia dealbata, Acacia m e l l i -  
fera, Acacia mol l iss ima, Acacia peuce, Acacia pruinocarpa, Acacia pymantha, A l b i z z i a  
Zebbeck, A Zluaudia procera, Anacardium occidentale,  A t r i p l e x  canescens, A t r i p  Zex 
glauca, At r ipZex halimus, A t r i p l e x  nununuzaria, A t r i p l e x  por tu  Zacoides, A t r i p  Zex semi- 
baccata, A t r i p  Zex ves icar ia ,  Azadirachta ind ica,  Ca2 l i t r i s  gZauca, C a l l i t r i s  i n t r a -  
t rop ica ,  Cassia siamea, Casuarina decaisneana, Casuarina equ ise t i  f o l i a ,  Copemic ia  
cer i fe ra ,  Cupressus sempervirens, Dalbergia sissoo, Dendrocalamus scr ip tus ,  G l e d i t s i a  
t r iacaathos ,  Gme Zina arborea, Me Zaleuca leucodendron, Melaleuca v i r i d i f o l i a ,  Mel ia  
azedarach, Parkinsonia acu Zeata, Pinus ha Zepensis, Pinus b m t i a ,  Pinus hondwensis, 
Pinus p inas ter ,  PopuZus de Ztoides, PopuZus euamericana, Populus n i g r a  ch i  Z i ,  PopuZus 
yunnaaensis, Prosopis c h i  Zensis, Prosopis du l c i s ,  Prosopis tamarugo, S t e r c u l i a  urens, 
Sweetia panamensis, Tectona grandis,  TerminaZia arjuna, Terminal ia  mental i ,  e t c .  , 
w i t h o u t ,  o f  course, f o r g e t t i n g  t h e  t h o r n l e s s  Cactus. 

Among a l l  these species o n l y  two a re  wor thy  o f  s e r i o u s  c o n s i d e r a t i o n  : namely 
Azadirachta ind ica ,  wh ich  under good s o i l  c o n d i t i o n s  can grow i n t o  woods f o r  t h e  
v i l l a g e s  up t o  and around t h e  400  mm i s o h y e t ,  and Parkinsonia aculeata wh ich  i s  
found up t o  t h e  200 mm i s o h y e t  b u t  wh ich  i s  n o t  o f  v e r y  g r e a t  i n t e r e s t  ( l ow  p r o d u c t i o n  
o f  wood, i n d i f f e r e n t  f o rage  v a l u e ) .  Other species a re  r a p i d l y  e l i m i n a t e d  o r  can 
s u r v i v e  o n l y  i n  s p e c i a l  c o n d i t i o n s  ( I ' f i l a o ' '  on t h e  Senegal coast ;  " n i a o u l i "  i n  t h e  
"n iayes"  o f  Senegal; Prosopis c h i l e n s i s  and DaZbergia sissoo on s o i l s  w i t h  super- 
f i c i a l  groundwaters).  

Given these d i s a p p o i n t i n g  r e s u l t s ,  f u t u r e  a t tempts  t o  i n t r o d u c e  new species 
must e v i d e n t l y  b e  approached w i t h  cau t i on .  Thus t h e  Centre technique f o r e s t i e r  t r o -  
p i c a l  (Niger)  p lanned t o  i n t r o d u c e  d u r i n g  1 9 7 4  t h e  f o l l o w i n g  species : 

- 1 7  new species o f  A u s t r a l i a n  Acacia : A. ancistrocarpa, A .  bivenosa, A .  coriacea, 
A. dunni i ,  A. famessiana, A .  ho Zosericae, A.inaequiZatera, A .  Z inar io ides,  A. mon- 
t i c 0  Za, A. mounf Zordae, A. p Zectocarpa, A. p y r i  fo  Zia, A. se Zerosperma, A. spathu Za, 
A. tetragonophy Z Za, A. tumida, A. v i c t o r i a e ;  
- 17 new species o f  EucaZyptus; 
- 8 species o f  Atr ipZex ,  o f  wh ich  6 a r e  newly i n t r o d u c e d  species;  
- 28 new species ind igenous t o  a r i d  zones in A u s t r a l i a  (Arnhem Land and Wesiern 
A u s t r a l i a ) .  

These examples g i v e  some i d e a  o f  t h e  t r i a l s  and exper iments t h a t  a re  c u r r e n t l y  
under  way. They a l s o  i l l u s t r a t e  t h e  c o n t i n u i n g  i n t e r e s t  o f  f o r e s t  research  workers 
i n  e x o t i c  spec ies f r o m  zones wh ich  a r e  e c o l o g i c a l l y  s i m i l a r  t o  t h e  Sahel. The ma jo r  
d i f f i c u l t y  i s  t o  o b t a i n  seeds, m a i n l y  because t h e r e  a r e  few f o r e s t e r s  in  t h e  a r i d  
t r o p i c a l  zones o f  t h e  w o r l d  ( f o r  example, nor th-west  Mexico, Kashiawar P r o v i n c e  i n  
I n d i a ,  t h e  t r o p i c a l  A f r i c a n  zone o f  t h e  southern hemisphere, e t c . ) .  
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Local species 

To t h e  e x t e n t  t h a t  due a t t e n t i o n  i s  accorded t o  s o i l  c o n d i t i o n s ,  ind igenous 
species a re  t h e  b e s t  adapted t o  l o c a l  s i t u a t i o n s .  In  p r i n c i p l e ,  t h e  o n l y  problems 
posed b y  r e a f f o r e s t a t i o n  a r e  t e c h n i c a l  ones concerned w i t h  t h e  m u l t i p l i c a t i o n  o f  
p l a n t s  i n  n u r s e r i e s  and t h e  p r e p a r a t i o n  o f  t h e  s o i l ,  t o g e t h e r  w i t h  problems l i n k e d  
w i t h  t h e  es tab l i shmen t ,  management and p r o t e c t i o n  o f  p l a n t a t i o n  areas.  

I n i t i a l l y ,  i n  t h e  yea rs  between 1945 and 1 9 5 5 ,  r e a f f o r e s t a t i o n  m a i n l y  w i t h  Acacia 
a l b i d a  was e f f e c t e d  by d i r e c t  seeding, b u t  these a t tempts  were accompanied b y  nume- 
rous  f a i l u r e s .  U n f o r t u n a t e l y ,  t h e  reasons f o r  these f a i l u r e s  were n o t  determined 
d u r i n g  t h i s  pe r iod ,  and i t  would be i n t e r e s t i n g  t o  under take  s i m i l a r  t r i a l s  today 
w i t h i n  a p r o j e c t  framework wh ich  recogn ized  t h e  c r u c i a l  impor tance o f  p r e p a r a t o r y  
work on t h e  s o i l  and o f  management and p r o t e c t i v e  measures. P l a n t a t i o n s  based on  
p l a n t s  o b t a i n e d  f rom t r e e  n u r s e r i e s  have been more r e s t r i c t e d ,  due t o  t h e  observa- 
t i o n  by f o r e s t e r s  o f  t h e  s low g rowth  r a t e s ,  a t  l e a s t  d u r i n g  t h e  e a r l y  yea rs ,  o f  such 
p l a n t a t i o n s .  T h i s  f a c t o r ,  a l l i e d  t o  economic c o n s t r a i n t s  ( c o s t s  o f  upkeep and p r o t e c -  
t i o n ,  and l o s s e s  through unusable p r o d u c t i o n ) ,  r e s u l t e d  i n  t h e  a t t e n t i o n  o f  f o r e s t e r s  
b e i n g  d i r e c t e d  towards i n t roduced ,  and seemingly more promis ing,  spec ies.  Numerous 
ind igenous species have n e v e r t h e l e s s  been p l a n t e d ,  such as : 

Acacia a lb ida,  A.  laeta,  A.  macrostachya, A. n i l o t i e a  v a r .  adansonii ,  A.  n i l o -  
t i c a  va r .  n i l o t i c a ,  A .  n i l o t i c a  v a r .  tomentosa, A.  raddiana, A. senegal, A.  seyal, 
A.  s ieber iana, Adansonia d i g i t a t a ,  Anogeissus Zeiocarpus, Ba lan i tes  aegyptiaca, 
Bauhinia rufescens, Bombax costatum, Boscia angust i  f o l i a ,  Cassia s ieber iana, Combre- 
twn glut inoswn, Combretwn micranthwn, Entada afr icana, Guierra senegalensis, Hyphaene 
thebaica, Khaya senegalensis, P m k i a  biglobosa, P i l i o s t i g m a  re t i cu la twn,  Salvadora 
persica,  Sc1erocary.a b i r r e a ,  Tamarindus ind ica ,  Ziziphus ju,juba, Ziziphus mauritiana, 
Ziziphus mucronata, Ziziphus sp ina c h r i s t i .  

Undoubted successes have been reco rded  w i t h  Acacia a lb ida,  A .  senegal, A.  seyal, 
t h r e e  v a r i e t i e s  o f  A. n i l o t i c a  and Sclerocarya b i r r e a .  P l a n t a t i o n s  o f  t h e  o t h e r  
species a re  e i t h e r  s t i l l  under s tudy  because t h e  necessary techniques have n o t  been 
p e r f e c t e d ,  o r  e l s e  t h e  species i n  q u e s t i o n  a re  o f  l i t t l e  o r  no i n t e r e s t .  

There i s  s t i l l  much t o  do i n  t h i s  f i e l d ,  and r 'esearch programmes should 
i n c r e a s i n g l y  focus on ind igenous species,  wh ich  a re  o f t e n  t h e  o n l y  ones t h a t  can 
g i v e  s a t i s f a c t o r y  r e s u l t s  i n  t h e  Sahe l i an  zone. 

Planta t ion  techniques 

The t e c h n i c a l  problems i n v o l v e d  i n  p l a n t a t i o n  f o r e s t r y  have now been l a r g e l y  
resolved,  and t h e  necessary techniques have been e x t e n s i v e l y  d i f f u s e d  through t h e  
f o r e s t r y  s e r v i c e s  o f  t h e  c o u n t r i e s  concerned. The v a r i o u s  s teps  - each one h a v i n g  
an i m p o r t a n t  f u n c t i o n  - t h a t  should be under taken  between t h e  i n i t i a l  p r e p a r a t i o n  
o f  t h e  l a n d  and a three-year  o l d  p l a n t a t i o n  a r e  as f o l l o w s  : 

- t o t a l  c l e a r i n g  o f  t h e  ground, w i t h  e x t r a c t i o n  o f  r o o t s ;  

- deep (60-70 cm) and c r i s s - c r o s s e d  mechanica l  w o r k i n g  o f  t h e  s o i l ,  w i t h  s u r f a c e  
hand p r e p a r a t i o n  ("daba") and w i t h  h o l e s  o f  m i n i m a l  d imension (60  x 60  x 60 cm); 
t h e  techniques used i n  N o r t h  A f r i c a  ( r i d g e  p l a n t a t i o n ,  mound p l a n t i n g )  a r e  n e i t h e r  
s u i t a b l e  n o r  a p p l i c a b l e  i n  t h e  S a h e l i a n  zone; 

- l i g h t  works f o r  s o i l  p r o t e c t i o n  and r e s t o r a t i o n ,  i n  o r d e r  t h a t  a l l  incoming r a i n -  
f a l l  i s  a b l e  t o  i n f i l t r a t e  ( r a m i f i e d  l o g g i n g  l a y o u t ) ;  

- p l a n t i n g  o f  t h e  young t r e e s  i n  quadra ts  o f  minimum s i z e  4 x 4 m; 

- a c t u a l  p l a n t a t i o n  o f  t r e e s  on o r  nea r  15  July, i n m e d i a t e l y  a f t e r  r a i n f a l l ,  and 
t e r m i n a t i o n  by 1 August ( these dates may b e  v a r i e d  f o r  t h e  c o n t i n e n t a l  S a h e l i a n  
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c l i m a t e ,  s i n c e  i n  Senegal t h e  r i s e  i n  t h e  i n t e r t r o p i c a l  f r o n t  i s  somewhat r e t a r d e d  
owing t o  t h e  i n f l u e n c e  o f  t h e  Azores a n t i c y c l o n e ) ;  

- t h e  b o t t o m  o f  t h e  p o t  should be c u t  o f f  f o r  most spec ies,  f o r  o t h e r s  t h e  p o t  shou ld  
be comp le te l y  removed; t h e  c o l l a r  shou ld  n o t  be cut ;  b a l l - p l a n t i n g  i s  e s s e n t i a l ,  
excep t  f o r  Parkinsonia; 

- t o t a l  c l e a r i n g  o f  t h e  herbaceous l a y e r  ( t h rough  manual o r  mechanica l  methods, w i t h  
a d i s c  shredder)  d u r i n g  and a t  t h e  end o f  t h e  r a i n y  season f o r  t h e  f i r s t  year  o f  t h e  
p l a n t a t i o n ,  and a t  t h e  end o f  t h e  r a i n y  season i n  t h e  two succeeding years;  

- a b s o l u t e  p r o t e c t i o n  a g a i n s t  t h e  e n t r y  o f  animals (enc losu re  1.50 m high, u s i n g  w i r e  
mesh and barbed w i r e  o r  an i n t e r l a c e d  s t r u c t u r e  ( I 'zer iba")  o f  barbed w i r e  and t h o r n y  
branches wh ich  o n l y  t h e  g i r a f f e  can p e n e t r a t e ) ;  

- s u r v e i l l a n c e  o f  t h e  p l a n t a t i o n  d u r i n g  t h e  i n i t i a l  three-year  p e r i o d  and p a r t i c u -  
l a r l y  i t s  enc losu re  ( f o r e s t  warden); 

- p r o t e c t i o n  a g a i n s t  p o s s i b l e  bush f i r e s ,  through development and maintenance o f  a 
system o f  f i r e - b e l t s .  

The techniques f o r  i r r i g a t e d  p l a n t a t i o n s  need a l s o  t o  be e labo ra ted ,  though 
i n t e n s i v e  s t u d i e s  o f  t h i s  problem a r e  c u r r e n t l y  under way i n  Sudan and a s i m i l a r  
research  programme i n  N i g e r  i s  due t o  s t a r t  d u r i n g  1 9 7 4 .  

The a p p l i c a t i o n  o f  d r i p  i r r i g a t i o n  t o  f o r e s t  p l a n t a t i o n s  has a p p a r e n t l y  been 
t e s t e d  o n l y  i n  t h e  E m i r a t  o f  Abu Dhabi.  The h i g h  c o s t  o f  i n s t a l l a t i o n  and maintenance 
would seem t o  r e s t r i c t  t h e  use o f  such a system t o  v e r y  s p e c i f i c  s i t u a t i o n s ,  such as 
i n  t h e  p r o x i m i t y  o f  d e s e r t  towns wh ich  are assoc ia ted  w i t h  i n d u s t r i a l  a c t i v i t i e s .  

CONCLUSION : CONTRIBUTION OF THE FORESTER TO LAND USE PLANNING I N  THE SAHEL 

Future research 

The f o r e s t e r  can - thanks t o  p r e s e n t  knowledge and t e c h n i c a l  know-how - c o n t r i -  
b u t e  g r e a t l y  t o  t h e  r e s t o r a t i o n  and improvement o f  t h e  Sahe l i an  zone. However, 
numerous gaps i n  knowledge remain u n f i l l e d ,  and s i g n i f i c a n t  research  e f f o r t s  a re  
r e q u i r e d  t o  e v a l u a t e  more comp le te l y  t h e  r e s u l t s  t h a t  a r e  c u r r e n t l y  a v a i l a b l e  ( b o t h  
n e g a t i v e  and p o s i t i v e ) ,  as w e l l  as t o  r e v i e w  p r e v i o u s  exper iments,  t o  g i v e  new 
impetus t o  e f f o r t s  f o r  t h e  i n t r o d u c t i o n  o f  v a r i o u s  species ( p a r t i c u l a r l y  f o r  use i n  
i r r i g a t e d  c o n d i t i o n s )  and t o  b e t t e r  understand t h e  c h a r a c t e r i s t i c s  and p r o p e r t i e s  
o f  these species.  Two main l i n e s  o f  research  should be accorded p r i o r i t y .  F i r s t l y ,  
t h e r e  i s  s tudy  o f  t h e  f a c t o r s  wh ich  f a c i l i t a t e  n a t u r a l  r e g e n e r a t i o n .  Secondly, 
a t t e n t i o n  shou ld  b e  g i v e n  t o  t h e  v a r i o u s  p o s s i b i l i t i e s  o f f e r e d  by i r r i g a t i o n ,  f o r  
t h e  p r o v i s i o n  e i t h e r  o f  wood o r  o f  forage.  

I n t e g r a t i o n  of the fo res te r  i n  land use p lanning i n  the Sahel 

When a d o p t i n g  s t r a t e g i e s  f o r  l a n d  use p l a n n i n g  in  Sahe l i an  zones, i n  co -opera t i on  
w i t h  t h e  f o r e s t e r s ,  t h e  f o l l o w i n g  p r i n c i p l e s  should be taken  i n t o  account : 

- t h e  S a h e l i a n  zone lends  i t s e l f  b e s t  t o  pas to ra l i sm,  and o n l y  e x c e p t i o n a l l y  t o  
a g r i c u l t u r e ;  
- o u t s i d e  i r r i g a t e d  zones, t h e  l a n d  i s  s u i t a b l e  o n l y  f o r  range- land g raz ing ,  and 
n o t  f o r  c u l t i v a t i o n ;  
- acceptance o f  t h e  i d e a  o f  e x t e n s i v e  g r a z i n g  lands,  managed in  such a way as n o t  t o  
exhaust t h e i r  n a t u r a l  p r o d u c t i v e  capac i t y ,  i n  p a r t i c u l a r  b y  r e g u l a t i n g  t h e  s t o c k i n g  
r a t e s  o f  domest ic  h e r b i v o r e s .  
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The es tab l i shmen t  o f  b a s i c  l a n d  use p l a n s  r e q u i r e s  f u r t h e r  knowledge o f  : 

- l o c a t i o n  and e x t e n t  o f  herbaceous and wooded areas t h a t  can be used f o r  l i v e s t o c k  
f e e d i n g  i n  t h e  r a i n y  season; 
- l o c a t i o n  and e x t e n t  o f  herbaceous and wooded areas t h a t  can be used f o r  l i v e s t o c k  
f e e d i n g  i n  t h e  d r y  season; 
- e x i s t e n c e  and s i t i n g  o f  w a t e r i n g  p o i n t s  i n  d i f f e r e n t  seasons; 
- admiss ib le  s t o c k i n g  r a t e s  as a f u n c t i o n  o f  zone and season. 

The major  components o f  a land-use p r o j e c t  i n  a p a r t i c u l a r  zone c o u l d  thus 
comprise : 

- p r e l i m i n a r y  examinat ion o f  v e g e t a t i o n  maps (herbaceous and t r e e  s t r a t a )  and o f  p ro -  
d u c t i v e  c a p a c i t i e s  i n  d i f f e r e n t  seasons; 
- p r e l i m i n a r y  examina t ion  o f  maps o f  w a t e r i n g  p o i n t s  and es tab l i shmen t  o f  c o r r e l a t i v e  
maps o f  range- lands i n  v a r i o u s  seasons; 
- drawing up o f  a p p r o p r i a t e  r e g u l a t i o n s  f o r  g r a z i n g  p r a c t i c e ;  
- d e f i n i t i o n  o f  zones where t h e  c r e a t i o n  o f  p l a n t a t i o n s  o f  f o rage  t r e e s  would be 
d e s i r a b l e  (around w a t e r i n g  ho les ,  o r  e v e n t u a l l y  i n  d r y  p l a n t a t i o n s  th rough  s o i l  
p r o t e c t i o n  and r e s t o r a t i o n  measures). 

The fo res ter  shouZd be invo lved i n  a number of operat ions concerned w i t h  the  
preparat ion of .the bas ic  background informat ion requ i red  f o r  a c t i o n  as w e l l  as w i t h  
ac tua l  land-use development schemes. He should c o n t r i b u t e  t o  the fo  Z lowing a c t i v i t i e s ,  
among others : 

- d e f i n i t i o n  o f  t h e  e x t e n t  and p o t e n t i a l  o f  wooded areas (use o f  a e r i a l  photography, 
s a t e l l i t e  imagery, l a n d  surveys, e t c . ) ;  
- study o f  t h e  dynamics o f  these areas as a f u n c t i o n  o f  season and g r a z i n g  i n t e n s i t y ;  
- d e f i n i t i o n  and mapping o f  t h e  ma jo r  p a s t u r e  areas i n  d i f f e r e n t  seasons; 
- d e f i n i t i o n  o f  zones wh ich  shou ld  be accorded p r o t e c t i o n , a n d  p r e p a r a t i o n  o f  t h e  
corresponding r e g u l a t i o n s  ( c o v e r i n g  d u r a t i o n ,  r o t a t i o n ,  e t c . ) ,  as w e l l  as t h e  regu- 
l a t i o n  o f  f i r e s ,  b o t h  i n  t ime  and space; 
- d e f i n i t i o n  o f  g u i d e l i n e s  f o r  e x p l o i t a t i o n  (as rega rds  p run ing ,  seasonal  r o t a t i o n ,  
e t c . ) ;  
- opening o f  new w a t e r i n g  p o i n t s  ( in co -opera t i on  w i t h  p a s t o r a l i s t s  and v e t e r i n a -  
r i a n s )  ; 
- d e f i n i t i o n  o f  zones where f o r e s t  p l a n t a t i o n s  ( f o r  f o r a g e  o r  f o r  wood p r o d u c t i o n )  
would be d e s i r a b l e ;  
- es tab l i shmen t  and management o f  these p l a n t a t i o n s ;  
- p r o f e s s i o n a l  r e s p o n s i b i l i t y  f o r  t h e  p r o p e r  f u n c t i o n i n g  o f  land-use developments, 
and a p p l i c a t i o n  o f  t h e  r e g u l a t i o n s  in  f o r c e .  

T h i s  p l u r i d i s c i p l i n a r y  approach t o  t h e  d e f i n i t i o n  o f  problems and t o  t h e  j o i n t  
conduct o f  t h e  necessary i n t e g r a t e d  research  ( i n v o l v i n g  co -opera t i on  between range- 
l a n d  exper t s ,  s tockbreeders and f o r e s t e r s )  c o u l d  advantageously be promoted w i t h i n  
t h e  framework o f  a r e g i o n a l  " sy l vo -pas to ra l ' '  e x p e r i m e n t a l  s t a t i o n .  Such a r e s e a r c h  
s t a t i o n  m i g h t  w e l l  be c r e a t e d  i n  one o f  t h e  f o r a g e  zones o f  t h e  Sahel, where f u l l -  
s c a l e  exper imen ta l  research  c o u l d  be undertaken, e i t h e r  a t  t h e  l e v e l  o f  t e c h n i c a l  
t r i a l s  o r  w i t h  a v iew  t o  t h e  d e f i n i t i o n  o f  g u i d e l i n e s  f o r  r e g i o n a l  l a n d  use p l a n n i n g  
and development. 
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ANIMAL PRODUCTION AND HEALTH I N  THE SAHELIAN ZONE 

by H.S.H. SEIFERT, 
U n i v e r s i t y  o f  Gö t t i ngen ,  Gö t t i ngen  

ANIMAL PRODUCTION WITHIN THE SAHELIAN ZONE 

The animals  o f  most impor tance w i t h i n  t h i s  r e g i o n ,  t h e  source o f  p r i d e  and 
income f o r  t h e  l o c a l  herdsmen a r e  c a t t l e .  A l l  r aces  d i s t r i b u t e d  th rough  t h e  Sahel  
a r e  Bos ind icus type (zebu) c a t t l e .  Within t h e  d i f f e r e n t  r e g i o n s  one can f i n d  many 
l o c a l  breeds which a re  adapted p e r f e c t l y  t o  t h e i r  p a r t i c u l a r  ecology and o n l y  
e v e n t u a l l y  s e l e c t e d  by t h e i r  owners r e g a r d i n g  s i z e  and c o l o u r .  S t a r t i n g  f r o m  t h e  
A t l a n t i c  coast ,  one can f i n d  t h e  t y p i c a l  Gobra zebu o f  Senegal w i t h  i t s  b r i gh t  w h i t e  
c o l o u r ,  t h e  r e d  and e v e n t u a l l y  r e d  s p o t t e d  M a u r ' i t a n i a n  c a t t l e  wh ich  resemble c l o s e l y  
t h e  Azawak o f  N ige r ,  t h e  Boran o f  E t h i o p i a  and Somal ia and s e v e r a l  o t h e r  l o c a l  
races,  e i t h e r  pure o r  crossed. Each o f  these l o c a l  races  has i t s  advantages and 
weak p o i n t s .  Genera l l y  i t  can be s a i d  t h a t  t h e  zebu c a t t l e  o f  t h e  S a h e l i a n  zone a re  
animals  w i t h  : 

- a h i g h  t o l e r a n c e  t o  hea t ,  a comfo r t  zone around 28' C and r e l a t i v e l y  l o w  consump- 
t i o n  o f  water,  wh ich  m i g h t  be taken  o n l y  a t  i n t e r v a l s  o f  2-3 days;' 

- a c a p a b i l i t y  t o  d i g e s t  d i e t s  w i t h  a h i g h  c o n t e n t  o f  crude f i b r e  and l o w  p r o t e i n ;  

- tough muscle t e x t u r e  surrounded b y  r e l a t i v e l y  t h i c k  f a s c i a e  and l i t t l e  tendency 
t o  produce f a t ;  

- low  m i l k  y i e l d  which w i l l  seldom exceed 1000 k g , i n c l u d i n g  t h e  c a l v e s '  take,and 
averages e v e n t u a l l y  o n l y  around 500-800 l i t r e s  d u r i n g  180-250  days; 

- good c a p a b i l i t y  t o  produce meat wh ich  u n f o r t u n a t e l y  i s  t aken  advantage o f  o n l y  i n  
v e r y  few p l a c e s  and i s  n o t i c e d  e i t h e r  d u r i n g  seasons o f  good p a s t u r e  o r  i n  i n t e n s i v e  
f a t t e n i n g  w i t h i n  f e e d - l o t s ;  

- c a p a b i l i t y  t o  t r a v e l  l o n g  d i s t a n c e s  w i t h o u t  e f f o r t ,  sometimes more t h a n  30-40 k m  
i n  a day; 

- p e c u l i a r  b r e e d i n g  and s u c k l i n g  h a b i t s  wh ich  a r e  shown i n  n a t u r a l  seasonal  o e s t r u s  
and r e s i s t a n c e  t o  m i l k i n g ;  

- e i t h e r  h igh r e s i s t a n c e  t o  some d iseases o f  t h e  r e g i o n  o r  sometimes h i g h  s u s c e p t i -  
b i l i t y  t o  many d iseases wh ich  have p r o b a b l y  a t t a c k e d  these animals  € o r  c e n t u r i e s .  

I n  genera l ,  t he  herdsmen o f  t h e  r e g i o n  know t h e  p a r t i c u l a r i t i e s  o f  these 
animals  v e r y  w e l l  and, due t o  t h e i r  hand l i ng ,  make them appear e s p e c i a l l y  good- 
tempered; i n  o t h e r  hands, t h e  r e s u l t s  m i g h t  be d i f f e r e n t .  U n f o r t u n a t e l y ,  due t o  t h e  
p e c u l i a r  e t h n i c  customs o f  t h e  nomads, t h e  economic advantages o f  these e x c e p t i o n a l l y  
wel l -adapted c a t t l e  a re  n o t  e x p l o i t e d .  

Many exper iments in  t h e  f i e l d  as w e l l  as s c i e n t i f i c a l l y  c o n t r o l l e d  t r i a l s  have 
shown t h a t  t h e  l o c a l  zebu breeds a re  t h e  most s u i t a b l e  an imals  f o r  t h e  S a h e l i a n  zone 
and they cannot and should n o t  be crossed w i t h  o r  r e p l a c e d  b y  high y i e l d i n g  BOS t a w u s  
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o r  even Bos ind icus  breeds.  T h i s  concerns b o t h  m i l k  and meat p roduc t i on .  Only 
e v e n t u a l  s e l e c t i o n  w i t h i n  l o c a l  Sahe l i an  breeds m i g h t  i n c r e a s e  t h e i r  p r o d u c t i o n  t o  
some degree. F a c t o r s  wh ich  can i n f l u e n c e  the  p r o d u c t i o n  o f  these animals a r e  : 

- improvement o f  p a s t u r e  and g r a z i n g  l a n d  management; 

- i n t r o d u c t i o n  o f  m a r k e t i n g  acco rd ing  t o  age o f  t h e  animals,  season o f  t h e  year,  
c o n d i t i o n  and a v a i l a b i l i t y  o f  pas tu re ;  

- improvement o f  h e r d  management r e g a r d i n g  b r e e d i n g  time, s e l e c t i o n  o f  h e r d  b u l l s ,  
c a s t r a t i o n  o f  b u l l s  u n s u i t a b l e  f o r  breeding,  s e p a r a t i o n  o f  he rds  i n t o  c a t e g o r i e s  
t o  a v o i d  b r e e d i n g  f r o m  v e r y  young h e i f e r s ,  p r e v e n t i o n  o f  m i l k i n g  f rom cows wh ich  
do n o t  produce m i l k  f o r  t h e i r  c a l v e s  and i n t r o d u c t i o n  o f  b e t t e r  m i l k i n g  h a b i t s ;  

- improvement of  h y g i e n i c  c o n d i t i o n s  e s p e c i a l l y  f o r  ca l ves  and i n c r e a s i n g  t h e  p ro -  
d u c t i o n  r a t e  through e l i m i n a t i o n  o f  non-producing females and p r e v e n t i o n  o f  venerea l  
d iseases.  

THE ANIMAL HEALTH SITUATION WITHIN THE SAHELIAN ZONE 

Animal d iseases o f  economic impor tance under  e x t e n s i v e  g r a z i n g  c o n d i t i o n s  may 
b e  d i v i d e d  i n t o -  : 

- i n f e c t i o u s  d iseases,  
- i n t e r n a l  and e x t e r n a l  p a r a s i t i s m ,  
- n u t r i t i o n a l  d iseases.  

A l l  these d iseases may be endemic and cause problems a f f e c t i n g  l a r g e  groups o f  
animals.  I n t e r a c t i o n s  between t h e  above-mentioned types o f  d iseases a re  p o s s i b l e .  

In fec t ious  diseases 

I n f e c t i o u s  d iseases may be subd iv ided  i n t o  : 

- vector-borne d iseases,  
- c o n t a c t  i n f e c t i o n s ,  
- s o i l - b o r n e  i n f e c t i o n s .  

Vector-borne diseases 

Vector-borne d iseases a re  i n f e c t i o n s  which can o n l y  be t r a n s m i t t e d  f rom one 
an ima l  t o  ano the r  b y  means o f  l i v e  ( t i c k s  o r  i n s e c t s )  o r  dead (hypodermic sy r inge ,  
c a s t r a t i o n  t o o l s )  v e c t o r s  wh ich  p e n e t r a t e  t h e  c i r c u l a t o r y  system o f  t h e  an ima l  and 
i n t r o d u c e  t h e  l i v i n g  i n f e c t i o u s  agent e i t h e r  f r o m  a s i c k  an imal  o r  an animal  i n  t h e  
c a r r i e r  s t a t e  (which means a l a t e n t  i n f e c t i o n  w i t h o u t  c l i n i c a l  symptoms). C a r r i e r s  
may be found w i t h i n  w i l d l i f e  wh ich  t h e n  becomes a r e s e r v o i r  f o r  i n f e c t i o n .  Some 
v e c t o r s ,  e s p e c i a l l y  t i c k s ,  m i g h t  a l s o  ha rbour  t h e  i n f e c t i o n  and even p e r m i t  m u l t i -  
p l i c a t i o n  w i t h i n  t h e i r  system and h e n c e f o r t h  f u n c t i o n  as a r e s e r v o i r  f o r  i n f e c t i o n  
w i t h  m u l t i p l i c a t o r  e f f e c t .  Some d iseases can even be t r a n s m i t t e d  through t h e  eggs 
and s t i c k  t o  a t i c k  p o p u l a t i o n  f o r  generat ions,  which w i l l  t hen  be c o n t i n u o u s l y  
i n f e c t e d  and f u n c t i o n  permanent ly  as a r e s e r v o i r  o f  i n f e c t i o n .  

So f a r ,  no l a s t i n g  s t e r i l e  immunity a g a i n s t  t i c k - b o r n e  d isease has been shown, 
t h e r e f o r e  animals  wh ich  s u r v i v e  an i n f e c t i o n  m a i n t a i n  an u n s t e r i l e  immunity which i s  
c a l l e d  "premunity" .  T h i s  immunity s t a t e  i s  p r a c t i c a l l y  a l a t e n t  i n f e c t i o n  w i t h  s m a l l  
numbers o f  l i v e  i n f e c t i o u s  organisms w i t h i n  t h e  animal.  T h i s  c a r r i e r  s t a t e  means t o  
t h e  animal  a cont inuous burden o f  i n f e c t i o n ,  wh ich  decreases i t s  p r o d u c t i v e  a b i l i t y ,  
and can lead, a t  any t ime, under s t r e s s ,  t o  an acu te  i n f e c t i o n .  I t  a l s o  makes c a r r i e r  
an imals  a c o n t i n u a l  t h r e a t  t o  t h e  h e a l t h y  animals.  
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So f a r ,  n o  e f f e c t i v e  vacc ine  a g a i n s t  vector-borne d iseases has been developed 
s i n c e  i t  i s  a f a c t  t h a t  dead an t i gens  do n o t  produce immunity,  and a t t e n u a t e d  vacc ines 
w i t h  l i v i n g  but unharmfu l  i n f e c t i o u s  agents cannot p r e v e n t  t h e  v e c t o r  f rom i n f e c t i n g  
t h e  animal  w i t h  f u l l y  pathogenic  f i e l d  s t r a i n s .  V a c c i n a t i o n  w i t h  a t t e n u a t e d  vacc ines  
can o n l y  p r e v e n t  c l i n i c a l s y m p t o m s o f  a f i e l d  i n f e c t i o n  but w i l l  n o t  p r e v e n t  t h e  
animal  f rom becoming a c a r r i e r  o f  f u l l  pa thogen ic  organisms. A s i m i l a r  s i t u a t i o n  i s  
found i n  t h e  r e l a t i v e  r e s i s t a n c e  o f  young animals  t o  t i c k - b o r n e  d iseases.  Calves are,  
in v a r y i n g  degrees, up t o  d i f f e r e n t  ages, r e l a t i v e l y  r e s i s t a n t  t o  t i c k - b o r n e  d iseases.  
Bu t  t h a t  means o n l y  t h a t  t hey  show no o r  o n l y  s l i g h t  c l i n i c a l s y m p t o m s a f t e r  i n f e c t i o n  
b u t  w i l l  become premune and t h e r e f o r e  c a r r i e r s  o f  t h e  i n f e c t i o u s  organisms. When 
a d u l t ,  they a r e  l i k e l y  t o  b reak  down, due t o  s t r e s s  a t  t h e i r  f i r s t  c a l f i n g .  

Knowledge o f  t h i s  p a r t i c u l a r  i m m u n i t y  mechanism i s  i m p o r t a n t  t o  t h e  unders tand ing  
o f  t h e  epidemio logy and p r e v e n t i o n  o f  vec to r -bo rne  d iseases.  

Within t h e  Sahe l i an  zone a l l  t h e  vector-borne d iseases m igh t  be encountered; t o  
men t ion  o n l y  t h e  most impor tan t ,  t h e r e  a r e  : 

- f rom Protozoon diseases : t rypanosomias is  w i t h i n  t h e  sou the rn  l i m i t s  o f  t h e  reg ion ;  
p i r o p l a s m o s i s  andbabes ios i s  a l l  ove r  t h e  Sahel  and t h e i l e r i o s i s  i n  t h e  s o u t h  e a s t e r n  
Sahe l i an  r e g i o n s ;  

- f r o m  Ric?icket$siaZ diseases : anaplasmosis a l l  ove r  t h e  Sahel; h e a r t  wa te r  a l s o  w i t h i n  
most p l a c e s  o f  t h e  Sahel. 

F o r  t h e  c a t t l e  o f  t h e  Sahel, t rypanosomias is ,  t h e i l e r i o s i s  and h e a r t w a t e r  a re  
t h e  most i m p o r t a n t  diseases. A l though i t  seems t h a t  t h e  zebu o f  t h e  Sahel  have been 
s u f f e r i n g  f o r  c e n t u r i e s  f rom these d iseases,  no obv ious n a t u r a l  s e l e c t i o n  t o  a more 
r e s i s t a n t  p o p u l a t i o n  has taken  p l a c e  so f a r .  In c o n t r a s t ,  b a b e s i o s i s  and anaplasmosis 
a r e  l e s s  pa thogen ic  t o  t h e  l o c a l  c a t t l e .  

Wh i le  b a b e s i o s i s  and t h e i l e r i o s i s  can o n l y  be t r a n s m i t t e d  b y  t i c k s ,  t rypanoso- 
m i a s i s  i s  b o r n e  by t s e t s e  f l i e s  and o t h e r  b i t i n g  f l i e s  wh ich  t a k e  l a r g e  amounts o f  
b l o o d  (Tabanids) and r i c k e t t s i o s i s  b y  a l l  b i t i n g  Ar thropods,  e i t h e r  t i c k s  o r  i n s e c t s .  
Therefore,  n o t  o n l y  t i c k s  and t s e t s e ,  but a l l  b i t i n g  and b lood -suck ing  Ar thropods 
must be e l i m i n a t e d  t o  e r a d i c a t e  these d iseases.  A l a s t i n g  e r a d i c a t i o n  o f  vector-borne 
d isease can o n l y  be reached through s y s t e m a t i c  e l i m i n a t i o n  o f  v e c t o r s ,  c a r r i e r  s t a t e  
an imals  - wh ich  can be de tec ted  through l a b o r a t o r y  measures and t r e a t e d  - and res -  
t r i c t i o n  o r  e l i m i n a t i o n  o f  game. Success fu l  a t tempts  have been made i n  many c o u n t r i e s  
o f  t h e  wor ld .  Only as a temporary measure t o  p r o t e c t  l i v e s t o c k  o f  h i g h  va lue ,  chemo- 
p r o p h y l a x i s  m i g h t  be employed. That  means cont inuous a p p l i c a t i o n  th rough  feed  o r  
i n j e c t i o n  o f  compounds wh ich  p r e v e n t  t h e  i n f e c t i o u s  organisms f rom m u l t i p l y i n g  w i t h i n  
t h e  animal.  U n f o r t u n a t e l y ,  cont inuous a p p l i c a t i o n  o f  such drugs l eads  t o  r e s i s t a n c e  
o f  t h e  i n f e c t i o u s  agent and renders  t h e  chemica l  u s e l e s s  f o r  t r e a t m e n t  o f  t h e  a c u t e l y  
s i c k  animal.  

Contact in fec t ions  

Contact  i n f e c t i o n s  a r e  spread f r o m  animal  t o  an imal  d i r e c t l y ,  o r  i n d i r e c t l y  by 
many d i f f e r e n t  v e h i c l e s .  Numerous con tag ious  o r  i n f e c t i o u s  diseases, caused e i t h e r  
by b a c t e r i a  o r  v i r u s e s ,  occur  w i t h i n  t h e  Sahel. 

Venereal  d iseases 

Within t h e  c a t t l e  o f  t h e  Sahel, b r u c e l l o s i s ,  t r i c h o m o n i a s i s ,  v i b r i o s i s  and r i c -  
k e t t s i o s i s  a r e  known t o  cause a b o r t i o n  and low f e r t i l i t y .  B r u c e l l o s i s  i s  t h e  d isease 
o f  most importance; i n v e s t i g a t i o n s  b y  t h e  a u t h o r  have shown t h a t  i n  Bas Saloum 
(Senegal) more t h a n  40% o f  t h e  c a t t l e  were p o s i t i v e  reagen ts  and many showed c l i n i c a l  
symptoms. Some o f  these d iseases can b e  p reven ted  by v a c c i n a t i o n ,  o t h e r s  o n l y  by 
s a n i t a r y  measures wh ich  a r e  v e r y  d i f f i c u l t  t o  i n t r o d u c e  i n t o  t h e  s tock-breeding h a b i t s  
o f  nomads. A t  l e a s t ,  v a c c i n a t i o n  a g a i n s t  b r u c e l l o s i s  shou ld  be cons ide red  f e a s i b l e  
and necessary.  
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I n f e c t i o u s  pleuropneumonia 

T h i s  v e r y  c h r o n i c  d i sease  wh ich  shows some s i m i l a r i t y  t o  t u b e r c u l o s i s  had been 
known a l l  o v e r  t h e  Sahel. Through a v e r y  e f f e c t i v e  v a c c i n a t i o n  campaign, p a r t i a l l y  
combined w i t h  t h e  r i n d e r p e s t  campaign, t h e  d i sease  has m o s t l y  been wiped o u t .  I t s  
occurrence has t o  b e  watched c a r e f u l l y  s i n c e  s u r v i v i n g  animals  w i l l  e n t e r  a c a r r i e r  
s t a t e  and spread t h e  d isease around them f o r  a l o n g  t ime. Coun t r i es  which a re  conta- 
m ina ted  by pleuropneumonia shou ldnever  b e  p e r m i t t e d  t o  s h i p  meat t o  t h e  i n d u s t r i a l i z e d  
c o u n t r i e s  s i n c e  t h i s  d isease can be t r a n s m i t t e d  through meat o r  meat p r o d u c t s  o f  s i c k  
o r  c a r r i e r  s t a t e  an imals .  Herdsmen tend  t o  h i d e  s i c k  animals,  s i n c e  a c t u a l l y  
t h e i r  c a t t l e  l osses  a r e  m o s t l y  moderate and s i c k  an imals  recove r  t o  some degree. 
Fur thermore,  s a n i t a r y  measures which a re  imposed b y  v e t e r i n a r y  a u t h o r i t i e s  c o n s i s t  
i n  d e s t r o y i n g  a l l  i n f e c t e d  animals.  Therefore,  a w a t c h f u l  eye has t o  b e  k e p t  on t h i s  
problem,especia l ly  i n  remote areas. 

R ind  e rp  es t 

T h i s  wor ldw ide  d isease which, f o r  c e n t u r i e s ,  has posed a t h r e a t  t o  c a t t l e  pro-  
d u c t i o n  a l l  ove r  t h e  wor ld ,  i s  caused b y  a v i r u s  and i s  a h i g h l y  contagious d isease 
w i t h  a v e r y  h i g h  m o r t a l i t y  r a t e .  The i n f e c t i o n  may be harboured w i t h i n  w i l d l i f e  
p o p u l a t i o n s  f rom wh ich  i t  can spread approx ima te l y  eve ry  7-9 yea rs  when n a t u r a l l y  
a c q u i r e d  immuni ty  w i t h i n  t h e  p o p u l a t i o n  breaks down. Recovered animals  a r e  immune 
f o r  l i f e t i m e ,  -a p r o t e c t i o n  wh ich  can now be accompl ished a lmost  as w e l l  by d i f f e r e n t  
types o f  e x i s t i n g  vacc ines.  The v a c c i n a t i o n  campaign c a r r i e d  o u t  throughout  A f r i c a  
w i t h i n  t h e  l a s t  decade,almost wiped o u t  t h e  d isease i n  t h e  c o n t i n e n t .  Only i n  remote 
areas i s  t h e  d isease s t i l l  a danger, and t h i s  m i g h t  be connected w i t h  t h e  e x i s t e n c e  
o f  game rese rves .  I t  i s  b e l i e v e d  t h a t  by keep ing  up v a c c i n a t i o n  campaigns and vacc i -  
n a t i n g  a l l  new-born animals,  t h e  d isease can b e  e r a d i c a t e d  comp le te l y  f rom t h e  c o n t i -  
nent ,  as a l r e a d y  done in  t h e  i n d u s t r i a l i z e d  c o u n t r i e s .  Rinderpest i s  no t  a t r o p i c a l  
disease of ruminants, but  a disease which w i l l  on ly  remain where the necessary pre- 
vent ive  measures c m n o t  be c a r r i e d  out .  

F o o t  and mouth d isease (FMD) 

Or ig in ,  c o n t a g i o s i t y  and symptoms o f  t h i s  d isease c l o s e l y  resemble r i n d e r p e s t  
and many aspects  o f  p r e v e n t i o n  a re  s i m i l a r .  U n f o r t u n a t e l y ,  FMD i s  caused by a number 
o f  d i f f e r e n t  types and subtypes o f  v i r u s .  The s o - c a l l e d  SAT - South A f r i c a n  t ype  - 
o f  t h e  v i r u s  wh ich  i s  spread a l l  ove r  A f r i c a  and a l s o  through t h e  Sahel, i s  v e r y  
much f e a r e d  in  Europe. SAT has neve r  been found i n  Europe, t h e r e f o r e  t h e  c a t t l e  
p o p u l a t i o n  t h e r e  do n o t  possess any r e s i s t a n c e  t o  t h i s  d isease and would be wiped 
o u t  i f  t h i s  i n f e c t i o n  spread t o  Europe. Another p rob lem i s  t h e  l o w  t i t r e  o f  immunity 
wh ich  can be accompl ished so  f a r  t h rough  v a c c i n a t i o n  and which r e q u i r e s  a t h r e e  o r  
f o u r  t imes repea ted  v a c c i n a t i o n  o f  t h e  animal  eve ry  year .  T h i s  f a c t  renders t h e  
e f f e c t i v e  e r a d i c a t i o n  o f  t h e  d isease a lmost  i m p o s s i b l e  i n  remote and underdeveloped 
areas. S ince  t h e  v i r u s  i s  apparen t l y ,  t o  an even g r e a t e r  degree than  r i n d e r p e s t  
v i r u s ,  ha rboured  b y  t h e  w i l d l i f e  p o p u l a t i o n  i n  game reserves,  i t  appears u n l i k e l y  
t h a t  A f r i c a  w i l l  become f r e e  o f  FMD i n  t h e  near  f u t u r e .  Never the less  FMD-free areas 
m i g h t  e v e n t u a l l y  b e  es tab l i shed ,  as has been shown s u c c e s s f u l l y  i n  Kenya. Coun t r i es  
w i t h  SAT-FMD a r e  n o t  p e r m i t t e d  t o  e x p o r t  b e e f  t o  t h e  Common Market,  a l t h o u g h  Kenya 
now e x p o r t s  f r o z e n  meat f rom FMD-free areas t o  Sw i t ze r land .  

FMD a l s o  poses a s e r i o u s  t h r e a t  t o  the  es tab l i shmen t  o f  i n t e n s i v e  p i g  p roduc ing  
u n i t s ,  s i n c e  these animals  a r e  h i g h l y  s u s c e p t i b l e  t o  FMD and do n o t  respond v e r y  w e l l  
t o  v a c c i n a t i o n .  

Soil-borne diseases 

T h i s  group o f  i n f e c t i o n s  i s  l o c a l i z e d  i n  s p e c i f i c  areas o f  t h e  p a s t u r e s  where 
t h e  spores o f  t h e  i n f e c t i o u s  organisms can b e  found. Animals can o n l y  be i n f e c t e d  
by i n t a k e  o f  spores during feeding.  Some o f  t h e  diseases o f  t h i s  group occu r  d u r i n g  
t h e  dry season when animals  a re  f o r c e d  t o  e a t  d i r t y  and tough roughage up t o  t h e  
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r o o t s  o f  t h e  p l a n t s  and the reby  take  l a r g e  amounts o f  s o i l  and spores; s m a l l  i n t e r n a l  
l e s i o n s  i n  t h e i r  d i g e s t i v e  t r a c t s ,  caused b y  t h e  tough fodder ,  h e l p  t o  i n t r o d u c e  t h e  
spores i n t o  t h e i r  system. B lack leg ,  m a l i g n a n t  edema and o t h e r  gas gangrena p roduc ing  
anaerobic  d iseases b e l o n g  t o  t h e  group. 

The enterotoxaemic complex, a l s o  caused b y  anaerobic  b a c i l l i ,  d i f f e r s  f rom gas 
gangrena. T h i s  disease, caused by CZostridium perfr ingens and i t s  d i f f e r e n t  types, 
occurs o n l y  when p r e v i o u s l y  i n g e s t e d  spores become toxogen ic  through p e c u l i a r  cond i -  
t i o n s  w i t h i n  t h e  d i g e s t i v e  t r a c t  caused by t h e  compos i t i on  o f  t h e  fodder .  A h i g h  
percentage o f  p r o t e i n  a t  t h e  b e g i n n i n g  o f  t h e  r a i n y  season o r  f r e e  cho ice  f e e d i n g  
o f  molasses may be c o n d i t i o n s  wh ich  provoke t h e  t o x i n  p r o d u c t i o n  o f  C l o s t r i d i u n  
perfr ingens. 

B o t u l i s m  i s  a l s o  an anaerobic  s o i l - b o r n e  d isease which occurs in  comb ina t ion  
w i t h  phosphorus d e f i c i e n c y  i n  t h e  d i e t .  Animals whose feed  l a c k s  t h e  necessary 
m in ima l  amount o f  phosphorus t r y  t o  o b t a i n  t h e  m i n e r a l  b y  e a t i n g  bones and carcasses 
o f  dead animals .  Within such cadavers, Clos t r id ium bo tu l i nun  may have m u l t i p l i e d  
a f t e r  t he  dea th  o f  t h e  animal  and spread a l l  t h rough  t h e  carcass. J u s t  by t a k i n g  
a s m a l l  b i t e ,  a cow can d i e  through t h e  h i g h l y  t o x i c  p o i s o n  produced by CZost r id iun  
botul inum. T h i s  d isease has become widespread throughout  t h e  Sahel  s i n c e  d r i l l i n g  o f  
w e l l s  s t a r t e d  and t h e  nomads began t o  graze t h e i r  an imals  o n l y  around t h e  water  
p o i n t s  and n o  l o n g e r  f o l l o w e d  t h e i r  t r a d i t i o n a l  r o u t e s  wh ich  i n c l u d e d  p l a c e s  where 
s a l t  c o u l d  be found and t h e  phosphorus d e f i c i t  balanced. Bad p a s t u r e  management i s  
t h e  pr ime cause f o r  t h i s  now i m p o r t a n t  d isease i n  t h e  Sahe l i an  zone. 

Whi le  t h e  above-mentioned d iseases o f  t h i s  group a re  caused b y  anaerobic  
b a c i l l i ,  a n t h r a x  o r  s p l e e n i c  f e v e r  i s  produced b y  an a e r o b i c  b a c i l l u s  wh ich  i s  a l s o  
so i l -bo rne  and s t a t i o n a r y .  T h i s  v e r y  dangerous d isease may a l s o  occur  i n  t h e  Sahel, 
e s p e c i a l l y  a t  p l a c e s  where animals  a re  concen t ra ted  ( t r a i l s ,  wa te r  p o i n t s ,  v a c c i -  
n a t i o n  and o t h e r  g roup ing  areas) .  The d isease occurs m o s t l y  a t  t h e  b e g i n n i n g  o f  t h e  
r a i n y  season when spores a re  a b l e  t o  germinate th rough  pH changes i n  t h e  s o i l .  

A l l  t h e  above-mentioned s o i l - b o r n e  d iseases can be p reven ted  b y  a v a i l a b l e  
vacc ines o f  good q u a l i t y ;  some o f  t h e  i n f e c t i o n s  r e q u i r e  o n l y  one v a c c i n a t i o n  f o r  
l i f e ,  o t h e r s  c a l l  f o r  repea ted  v a c c i n a t i o n s  every year ,  p r e f e r a b l y  b e f o r e  t h e  most 
dangerous season beg ins .  

In te rna2 and ex terna l  paras i t i sm 

Large numbers o f  e x t e r n a l  and i n t e r n a l  p a r a s i t e s  a re  spread throughout  t h e  
Sahe l i an  zone. I n f e c t i o n  occurs e s p e c i a l l y  a t  t h e  banks o f  r i v e r s  and lakes ,  a t  bad 
w a t e r i n g  p o i n t s  and swamp areas. P a r a s i t i s m  becomes acu te  and dangerous m o s t l y  
d u r i n g  t h e  r a i n y  season and poses a m a j o r  t h r e a t  t o  young animals .  To some e x t e n t ,  
t h e  nomads a v o i d  e x t e r n a l  p a r a s i t e s  ( f l i e s ,  mosqui toes),  wh ich  may a l s o  t r a n s m i t  
vector-borne d iseases,  b y  keep ing  t h e i r  he rds  away f rom humid p l a c e s  d u r i n g  c e r t a i n  
p e r i o d s  o f  t h e  year ,  o r  a t  dawn o r  sunset.  

MaZnutr i t ion and def ic iency of mineraZs and v i tamins  

T h i s  d i sease  complex i s  due e i t h e r  t o  a b s o l u t e  l a c k  o f  fodder  o r  unbalanced 
feed. 

D u r i n g  t h e  d r y  season, and e s p e c i a l l y  towards t h e  end, t h e  a b s o l u t e  l a c k  o f  
fodder  n o t  o n l y  b r i n g s  about a s t a t e  o f  m a l n u t r i t i o n  due t o  t h e  m i s s i n g  n u t r i e n t s  
b u t  a l s o  i nc reases  t h e  d e f i c i e n c i e s ,  s i n c e  t h e  n a t u r a l  roughage i s  e s p e c i a l l y  poor  
i n  m i n e r a l s  a t  t h i s  t ime  o f  t h e  yea r .  Other  f a c t o r s  l e a d i n g  t o  m a l n u t r i t i o n  and 
m i n e r a l  d e f i c i e n c y  a r e  o v e r g r a z i n g  and, nowadays w i t h  semi-nomads, cont inuous g r a z i n g  
around wa te r  p o i n t s .  The t r a d i t i o n a l  nomadic g r a z i n g  h a b i t  f r o m  n o r t h  t o  sou th  and 
r e t u r n  always i n c l u d e d  p l a c e s  w i t h  n a t u r a l  s a l t  d e p o s i t s  a t  l a k e  o r  r i v e r  s ides  o r  
o t h e r  n a t u r a l  s a l t  depos i t s .  Changing t h i s  g r a z i n g  p a t t e r n  has meant t h a t  an imals  
remain in  one a rea  and, n o t  o n l y  b y  o v e r g r a z i n g  b u t  a l s o  by exposing themselves 
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c o n t i n u o u s l y  t o  t h e  same v e g e t a t i o n  on t h e  same s o i l ,  i n t r o d u c e  a d e f i c i e n c y  i n  t h e i r  
m i n e r a l  balance. 

Another  f a c t o r  l e a d i n g  t o  m a l n u t r i t i o n  i n  ca lves  i s  due t o  t h e  i n t r o d u c t i o n  o f  
m i l k  m a r k e t i n g  in  t h e  Sahe l i an  c o u n t r i e s  and t o  t h e  d e p l e t i o n  o f  t h e  cow's m i l k  
supp ly  t o  t h e  c a l f .  C a l f  m o r t a l i t y  d i d  indeed i n c r e a s e  c o n s i d e r a b l y  when m i l k  
c o l l e c t i n g  schemes were b rough t  i n t o  the  t r a d i t i o n a l  Sahe l i an  l i v e s t o c k  economy. 
One shou ld  bea r  these economic f a c t o r s  in  mind when d i s c u s s i n g  p o s s i b l e  improvements 
in  an ima l  p r o d u c t i o n  in t h i s  area. 
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STUDIES ON PASTORAL NOMADISM I N  THE SAHELIAN ZONE : 
B I B L I O G R A P H I C  REVIEW 

by E. BERNUS, 
ORSTOM, P a r i  s .  

Recent droughts,  whose e f f e c t s  have been f e l t  throughout  t h e  a r i d  r e g i o n s  o f  
A f r i c a ,  have b r o u g h t  t h e  Sahel  t o  t h e  f o r e f r o n t  o f  w o r l d  a t t e n t i o n .  T h i s  zone, 
t r a v e r s e d  by nomadic s tockbreeders,  has u n t i l  r e c e n t l y  been l a r g e l y  i g n o r e d  b y  t h e  
i n t e r n a t i o n a l  i n s t i t u t i o n s .  Numerous and d e t a i l e d  s t u d i e s  have, n e v e r t h e l e s s ,  been 
under taken ove r  a number o f  yea rs  i n  these reg ions ,  whose i n h a b i t a n t s  must today be 
g i v e n  food i n  o r d e r  t o  s u r v i v e .  

D i f f e r e n t  au tho rs  a t t r i b u t e  d i f f e r e n t  l i m i t s  t o  t h e  Sahe l i an  zone. In  t h e  Nor th ,  
i t  s t a r t s  - q u i t e  s imp ly  - where t h e  Sahara f i n i s h e s ,  and i t s  boundar ies can be f i x e d  
b y  t h e  100 mm o r  150 mm i s o h y e t .  The b e g i n n i n g  o f  t h e  zone i s  marked by t h e  appearance 
o f  t h e  "cram-cram" (Cenchrus b i f h r u s ) ,  a s m a l l  graminous p l a n t  whose p r i c k l y  seeds 
a r e  w e l l  known t o  t r a v e l l e r s .  The sou the rn  l i m i t  o f  t h e  zone f l u c t u a t e s ,  but i t  g e n e r a l l y  
l i e s  near  the  600 mm i s o h y e t .  

The n o r t h e r n  p a r t  o f  t he  Sahe l i an  zone i s  a lmost  e x c l u s i v e l y  t h e  home o f  pasto-  
r a l i s t s ,  up t o  about t h e  350 mm i s o h y e t .  In  t h e  sou the rn  p a r t  o f  t h e  r e g i o n  pas to ra -  
l i s t s  and farmers Co-exist .  However, t h e  boundar ies o f  t h e  whole r e g i o n  change w i t h  
t ime, owing t o  t h e  i r r e g u l a r i t y  o f  t h e  r a i n f a l l .  Thus, a f t e r  a p ro longed  d r y  p e r i o d ,  
such as has occu r red  d u r i n g  t h e  l a s t  few years,  t h e  zone extends towards t h e  south,  
w h i l e  t h e  n o r t h e r n  p a r t  o f  t h e  zone i s  t e m p o r a r i l y  invaded b y  t h e  Sahara. 

S tud ies  under taken i n  t h e  Sahel  have i n v o l v e d  npmerous d i s c i p l i n e s  and have been 
conducted b y  researchers  f rom a number o f  c o u n t r i e s  and b e l o n g i n g  t o  a range o f  
i n t e r e s t e d  bod ies .  Very o f t e n ,  t h e  r e s u l t s  o f  these s t u d i e s  have been p u b l i s h e d  i n  
s p e c i a l i z e d  rev iews  which a r e  n o t  r e a d i l y  and w i d e l y  a v a i l a b l e .  

STAT1 STICAL RESEARCH 

S t a t i s t i c a l  surveys o f  nomadic s o c i e t i e s  in  t h e  S a h e l i a n  r e g i o n  have met w i t h  
g r e a t  d i f f i c u l t i e s .  These have been m a i n l y  a t t r i b u t a b l e  t o  t h e  ma jo r  problem o f  
cho ice  o f  a s u i t a b l e  sampl ing base. F o r  example, a d m i n i s t r a t i v e  censuses a re  o f t e n  
incomplete,  and w a t e r i n g  p o i n t s  v a r y  g r e a t l y  d u r i n g  t h e  course o f  t h e  year ;  i t  i s  
e v i d e n t l y  d i f f i c u l t  t o  l o c a t e  a g i v e n  f a m i l y ,  s e l e c t e d  a t  random, i n  t h e  f i e l d .  

Two demographic agd economic s t u d i e s  have been under taken,  i n  Senegal and i n  
N ige r .  The f i r s t  s tudy has focused on t h e  m i d d l e  v a l l e y  o f  t h e  Senegal r i v e r ,  and 
more p a r t i c u l a r l y  on t h e  sedentary  p o p u l a t i o n s  o f  t h e  v a l l e y  and t h e  nomadic Moor 
and P e u l  groups wh ich  i n h a b i t  i t s  e n v i r o n s .  P a s t o r a l i s t s  r e p r e s e n t  o n l y  a s m a l l  p r o -  
p o r t i o n  o f  t h e  t o t a l  p o p u l a t i o n  s t u d i e d .  

++ 
In  N i g e r ,  a demographic and economic s tudy  has concen t ra ted  o n  a r e g i o n  

i n h a b i t e d  a lmost  e x c l u s i v e l y  by nomadic groups (Tuaregs, Peu ls  and Arabs) ,  w i t h i n  

+ 
++ L a  moyenne v a l l é e  du Sénégal. P a r i s ,  P.U.F., 1962. 

Etude démographique e t  économique en m i l i e u  nomade. INSEE-Coopération. P a r i s ,  
SEDES, 1966. 
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t h e  framework o f  t h e  p r e s e n t  d i s t r i c t  o f  T c h i n  Tabaraden. These broadly-based s t a t i s -  
t i c a l  surveys ( i n c l u d i n g  i n f o r m a t i o n  on demography, i n p u t - o u t p u t  budgets,  f eed ing  
h a b i t s ,  l i v e s t o c k  systems, e t c . )  have been r a r e  i n  nomadic s o c i e t i e s .  They have never-  
t h e l e s s  made i t  p o s s i b l e ,  p a r t i c u l a r l y  i n  t h e  f i e l d  o f  demography, t o  r e f u t e  c e r t a i n  
e r r o r s  and s tatements t h a t  a re  commonly made w i t h o u t  t h e  b a c k i n g  o f  v a l i d  surveys. 
Thus, w h i l e  i t  i s  t r u e  t h a t  p o p u l a t i o n  growth i n  p u r e l y  nomadic s o c i e t i e s  i s  s l i g h t l y  
lower  t h a n  i n  f a r m i n g  groups, t h e  p o p u l a t i o n  growth r a t e  o f  nomads i s  n e v e r t h e l e s s  
q u i t e  h i g h .  The n o t i o n  t h a t  nomads a r e  in  t h e  process o f  e x t i n c t i o n  i s  n o t  tenable.  
Thus, t h e  n e t  annual  growth r a t e  o f  nomads i s  1.5% w h i l e  t h a t  o f  sedentary  p o p u l a t i o n s  
in  N i g e r  i s  1.65%. The r a t e  f o r  sedentary  p o p u l a t i o n s  i n  Guinea and Upper V o l t a  i s  
1.6% and i n  Dahomey 1.8%. O v e r a l l  r a t e s  have i n d i c a t e d  a growing nomadic p o p u l a t i o n  
and i t  i s  w i t h i n  t h e  p a s t o r a l  s o c i e t y  i t s e l f  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  i n  growth 
r a t e s  a r e  t o  b e  found. 

As rega rds  l i v e s t o c k  r a i s i n g  i n  t h e  s t r i c t  sense o f  t h e  term, numerous surveys 
have been under taken  b y  t h e  r e l e v a n t  s e r v i c e s  o f  t h e  c o u n t r i e s  concerned. However, 
s t a t i s t i c a l  surveys have been under taken  o n l y  r a r e l y ;  t hey  have u s u a l l y  been based on 
s m a l l  samples, and have aimed p r i n c i p a l l y  a t  e l u c i d a t i n g  t h e  compos i t i on  o f  herds.  
Numer ica l  d a t a  on c a t t l e  a re  r a r e l y  based on  s t a t i s t i c a l l y  v a l i d  sampl ing methods. 
I n  most cases, t hey  a r e  d e r i v e d  f rom f i g u r e s  g i v e n  b y  a d m i n i s t r a t i v e  s e r v i c e s  and 
a re  thus  p r o b a b l y  c o n s e r v a t i v e  (under -eva lua t i on  owing t o  taxes on animals)  o r  a re  
d e r i v e d  f r o m  v a c c i n a t i o n  campaigns. 

APPROACH OF DIFFERENT DISCIPLINES 

Geographers have i n  t h e  main been a t t r a c t e d  b y  t h e  phenomenon o f  nomadism. 
I n i t i a l l y ,  t h e i r  i n t e r e s t  focused on the  mapping and r e c o r d i n g  in  s p a t i a l  terms o f  
t h e  movements o f  nomads and t h e i r  herds.  Capot-Rey (1953) has given, i n  h i s  c l a s s i c  
work on t h e  "French Sahara", t h e  f i r s t  s y n t h e t i c  t rea tmen t  o f  Saharan and Sahe l i an  
nomadic p o p u l a t i o n s ;  t h i s  work i n c l u d e d  i n f o r m a t i o n  on t h e  nomadic p a s t o r a l i s t s  o f  
b o t h  N o r t h  A f r i c a  and o f  t h e  South Sahara. Mapping a c t i v i t i e s  were s t a r t e d  d u r i n g  
t h i s  p e r i o d  in  a r e g i o n a l  framework and summarized work under taken i n  t h e  f i e l d .  
O f  p a r t i c u l a r  n o t e  a r e  t h e  maps on nomads and t h e i r  he rds  in  M a u r i t a n i a  b y  Bonnet- 
Dupeyron (1950, 1951). 

A t  t h e  s c a l e  o f  t h e  Sahe l i an  zone, the  CHEAM (Centre des Hautes Etudes Adminis- 
t r a t i v e s  Musulmanes) has t r i e d  t o  r e c o r d  - i n  t h r e e  maps each a t  t h e  s c a l e  o f  
1/200 O00 - t h e  d i s t r i b u t i o n  o f  a l l  Saharo-Sahel ian nomads. These maps have been 
based on  a v a i l a b l e  a d m i n i s t r a t i v e  censuses. The o n l y  r e c e n t  maps o f  nomadic popula- 
t i o n s  a r e  those i n c l u d e d  in  n a t i o n a l  a t l a s e s  ( a t l a s  o f  Chad and ethno-demographic 
maps o f  N i g e r ) .  S y n t h e t i c  s t u d i e s  on nomadism, b r i n g i n g  t o g e t h e r  t h e  r e s u l t s  o f  a 
number o f  research  workers,  have been p u b l i s h e d  b y  Unesco i n  1959 and 1963 within 
t h e  framework o f  i t s  A r i d  Zone Programme. 

Geographic work has n o t  been con f ined ,  however, t o  t h e  mapping o f  t h e  movements 
o f  nomads. Thus, s t u d i e s  on t h e  l i v e s t o c k  in  a r i d  zones have thrown l i g h t  on t h e  
r e l a t i o n s  between men, an imals  and environment,  which fo rm in te rdependen t  l i n k s  o f  
a s i n g l e  c h a i n  o f  r e l a t i o n s h i p s .  Geographers have a l s o  launched s t u d i e s  on t h e  
r e l a t i o n s  between p a s t o r a l  s o c i e t i e s  and p h y s i c a l ,  economic and p o l i t i c a l  c o n d i t i o n s .  
They have focused on r e g i o n s  where p a s t o r a l i s t s  and s e t t l e d  p o p u l a t i o n s  l i v e  toge the r ,  
e i t h e r  t e m p o r a r i l y  o r  permanent ly.  I n  h i s  t h e s i s  on t h e  i n l a n d  N i g e r  d e l t a ,  G a l l a i s  
(1967) has d e s c r i b e d  a c o n t a c t  zone where a g r i c u l t u r a l i s t s  and p a s t o r a l i s t s  compete 
f o r  f i e l d s  and p a s t u r e s .  

Among s t u d i e s  t h a t  a re  i n  p rog ress  o r  n e a r  complet ion,  men t ion  m i g h t  be made o f  
those o f  Toupet (1963, 1964, 1972) i n  c e n t r a l  M a u r i t a n i a ,  those o f  B a r r a 1  (1967, 1970) 
i n  t h e  p a s t o r a l  zone in  t h e  n o r t h  o f  Upper Vo l ta ,  those o f  B o u t r a i s  on l i v e s t o c k  
r a i s i n g  i n  Cameroon, those o f  Bernus (1966, 1970, i n  p ress )  on t h e  Tuareg i n  N i g e r ,  
those o f  D i a r r a  i n  t h e  c e n t r a l  r e g i o n  o f  t h e  Repub l i c  o f  N i g e r ,  and those o f  t h e  
c o l l a b o r a t o r s  o f  G a l l a i s  on t h e  r e l a t i o n s  between a g r i c u l t u r a l i s t s  and s tockbreeders 
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i n  t h e  N i g e r  bend area, and near  t o  m a j o r  w a t e r  courses in  t h e  west o f  N ige r ,  i n  
M a l i ,  in  Upper V o l t a  and i n  M a u r i t a n i a .  

Ethno log is ts ,  more so than  geographers, have focused on s t u d i e s  o f  t h e  p a s t o r a l  
s o c i e t i e s  themselves. I n d i v i d u a l  e t h n o l o g i s t s  have tended t o  concen t ra te  on a 
p a r t i c u l a r  group. Thus, i n  a s e r i e s  o f  c l a s s i c a l  works, D u p i r e  (1962 a, 1962 b, 1970, 
1972) has p r o v i d e d  a r i c h  documentat ion on nomadic Peu ls  i n  N i g e r .  T h i s  a u t h o r  has 
a l s o  under taken a comparat ive s tudy  o f  t h e  Peuls  o f  t h e  F e r l o  reg ion ,  o f  Fouta-Dja lon,  
o f  Macina and o f  t h e  Sahe l i an  zone o f  N i g e r .  T h i s  s tudy  has focused on s o c i a l  and 
f a m i l y  o r g a n i z a t i o n ,  wh ich  i s  o f  c r u c i a l  impor tance t o  t h e  unders tand ing  o f  t h e  mode 
o f  a c q u i s i t i o n  and h e r e d i t a r y  t r a n s m i s s i o n  o f  l i v e s t o c k .  

Numerous r e c e n t  s t u d i e s  have been made on t h e  Tuaregs. Thus Gast (1968) has 
under taken a v e r y  complete and d e t a i l e d  s tudy  - p a r t i c u l a r l y  as rega rds  n u t r i t i o n  - 
o f  t h e  Ahaggar Tuaregs i n  t h e  c e n t r a l  Sahara, an i m p o r t a n t  b ranch  o f  wh ich  l i v e s  i n  
t h e  Sahe l i an  zones o f  t h e  Tamesna p l a i n s  i n  N i g e r .  The s t u d i e s  o f  N i c o l a i s e n  (1963) 
have focused on b o t h  c u l t u r a l  and e c o l o g i c a l  aspects  o f  t h e  Ay r  and Ahaggar Tuaregs, 
p a r t i c u l a r l y  on Aguh groups in  Tehele and K e l  Ferwan. These works rep resen t  a v e r i -  
t a b l e  mine o f  i n f o r m a t i o n  on t h e  w o r l d  o f  t h e  Tuareg, and complement, e l a b o r a t e  
and o f t e n  update t h e  a u t h o r i t a t i v e  and u n e q u a l l e d  work o f  t h e  Père de Foucauld.  

S w i f t  (1973) has i n i t i a t e d  a s tudy  o f  t h e  I f o r h a s  Tuaregs o f  M a l i  f r om a more 
e c o l o g i c a l  s tandpo in t ,  a d o p t i n g  an approach s i m i l a r  t o  t h a t  o f  t h e  F rench  geographers. 
The sou the rn  Tuaregs, rep resen ted  by t h e  K e l  Gress, have r e c e n t l y  been s t u d i e d  b y  
Bonte (1970), who has analysed t h e  economic s t r u c t u r e s  o f  a former group o f  pas to ra -  
l i s t s  i n s e r t e d  w i t h i n  t h e  a g r i c u l t u r a l  zone o f  Gober and Ader i n  t h e  sou th  o f  N i g e r .  
Gui l laume has s t u d i e d  a group o f  Tuaregswhich has t a k e n  on a sedentary  way o f  l i f e  
i n  a canton, Imanan, l o c a t e d  in  t h e  D a l l o l  Bosso Trench. T i l l i o n  has c o n t i n u e d  h i s  
e x t e n s i v e  r e s e a r c h  on t h e  f a m i l i a l  systems o f  Tuaregs i n  M a l i ,  N i g e r  and Upper V o l t a ,  
w h i l e  h i s  c o l l a b o r a t o r s  Chaventré and Guignard a re  s t u d y i n g  k i n s h i p  r e l a t i o n s  o f  
c e r t a i n  Imajeghen groups i n  t h e  Menaka r e g i o n  o f  M a l i  and i n  Oudalan i n  Upper V o l t a ,  
p a r t i c u l a r l y  f r o m  t h e  v i e w p o i n t  o f  t h e  pass ing  down o f  t h e  c h i e f t a i n  s t a t u s  d u r i n g  
t h e  l a s t  few c e n t u r i e s .  

F u r t h e r  t o  the  east ,  t h e  Toubou domain , o r  more p r e c i s e l y  t h a t  o f  t h e  Teda 
and t h e  Daza, has been t h e  o b j e c t  o f  a s tudy  b y  Chapel le  (1957). F o r  t h e  p a s t o r a l  
p o p u l a t i o n s  o f  Chad, a t t e n t i o n  shou ld  b e  drawn t o  t h e  v e r y  u s e f u l  s y n t h e s i s  o f  
Le Rouvreur (1962) on a l l  t h e  Chad Saharan and S a h e l i a n  nomads, Arab, Teda, Daza, 
e t c . ) .  

The e a r l i e r  s t u d i e s  o f  Ch .  and M. L e  Coeur on t h e  Toubou, wh ich  opened up a 
r e l a t i v e l y  unexp lo red  f i e l d ,  have been f o l l o w e d  up b y  young research  workers,  such 
as B a r o i n  in  N i g e r  ( s t u d i e s  on t h e  Azza, t h e  Daza b l a c k s m i t h s ) .  

F i n a l l y ,  M.J. and J. Tubiana (1971) and s e v e r a l  o f  t h e i r  c o l l a b o r a t o r s  have f o r  
a number o f  yea rs  s t u d i e d  t h e  Zaghawa, a group r e l a t e d  t o  t h e  Toubou, wh ich  l i v e  i n  
Dar fou r ,  i n  Wada'i, nea r  t h e  b o r d e r s  o f  Chad and Sudan. 

The Arab p o p u l a t i o n s  o f  Chad have been s t u d i e d  b y  Hachenbucher. 

I n  M a u r i t a n i a ,  Bonte has f o l l o w e d  s t u d i e s  on t h e  t r a n s f o r m a t i o n  o f  t h e  Moor 
s o c i e t y  consequent t o  i n d u s t r i a l i z a t i o n  b y  MIFERMA ( i r o n  o r e  m i n i n g  company) w i t h  
a s e r i e s  o f  i n v e s t i g a t i o n s  on Adra r  p o p u l a t i o n s  i n  M a u r i t a n i a  and on t h e  s o c i a l  and 
p o l i t i c a l  s t r u c t u r e s  o f  t h e  Emirate l  of  Ad ra r .  

I n  N i g e r ,  where t h e  s i t u a t i o n  as rega rds  r e s e a r c h  i s  v e r y  favourab le ,  s t u d i e s  
on t h e  present-day changes in  nomadic s o c i e t i e s  have been under taken b y  a number o f  
young Anglo-Saxon i n v e s t i g a t o r s  (e.g. B l o c k  o f  Columbia U n i v e r s i t y  and Oxby o f  t h e  
School  o f  O r i e n t a l  and A f r i c a n  S tud ies  o f  t h e  U n i v e r s i t y  o f  London). Other anthropo- 
l o g i s t s ,  such as Horow i t z  ( S t a t e  U n i v e r s i t y  o f  New York) ,  have n o t  focused on a 
p a r t i c u l a r  e t h n i c  group but r a t h e r  have s t u d i e d  complex i n t e r - e t h n i c  r e l a t i o n s ,  
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p r i n c i p a l l y  i n  t h e  Manga r e g i o n  o f  e a s t e r n  N i g e r  wh ich  forms a c o n t a c t  zone between 
p a s t o r a l i s t s  and a g r i c u l t u r a l i s t s .  

RESEARCH THEMES AND TEAMS I N  THE SAHELIAN NOMADIC ZONE 

One o f  t h e  r e s e a r c h  themes o f  t h e  S e c t i o n  o f  Geography o f  ORSTOM ( O f f i c e  de l a  
recherche s c i e n t i f i q u e  e t  technique outre-mer) concerned w i t h  s tockb reed ing  i s  
focused on t h e  e v o l u t i o n  and modern forms o f  l i v e s t o c k  r a i s i n g  i n  a r i d  zones of t h e  
t r o p i c s .  Research under t h i s  theme has n o t  been l i m i t e d  t o  t h e  Sahel, though two 
i n v e s t i g a t o r s  have under taken s t u d i e s  i n  t h e  r e g i o n  d u r i n g  t h e  course o f  a number 
o f  years.  B a r r a 1  (1967 a, 1967 b, 1970) has concen t ra ted  on t h e  p a s t o r a l  zone i n  
t h e  n o r t h  o f  Upper V o l t a .  The r e s u l t s  o f  h i s  s t u d i e s  have found ready a p p l i c a t i o n s  
i n  s e v e r a l  l a n d  management schemes such as t h e  c r e a t i o n  o f  a s t o c k - f a t t e n i n g  ranch  
in  Oudalan and t h e  programme o f  wa te r  development f o r  p a s t o r a l  and human use in  
t h r e e  d i s t r i c t s  i n  t h e  n o r t h  o f  Upper V o l t a .  

Bernus (1966), i n  a. s tudy  o f  N i g e r  Tuareg, has endeavoured t o  analyse a nomadic 
s o c i e t y  and t o  compare t h e  e v o l u t i o n  o f  d i f f e r e n t  groups b e l o n g i n g  t o  t h e  same 
c u l t u r a l  ensemble wh ich  a re  found i n  v a r i o u s  geographic  frameworks f rom t h e  bo rde rs  
o f  t h e  Sahara t o  t h e  Sudan zone. A number o f  development p r o j e c t s  have taken 
advantage o f  t h e  r e s u l t s  o f  t h i s  b r o a d  s tudy and more d e t a i l e d  i n q u i r i e s  on sma l le r -  
s i z e d  communities. 

I n  Cameroon, B o u t r a i s  has i n i t i a t e d  a m a j o r  s tudy on l i v e s t o c k  r a i s i n g  i n  a l l  
t h e  c l i m a t i c  zones o f  t h e  coun t ry .  

F i n a l l y ,  i n  Senegal, t h e  Peu ls  o f  t h e  c e n t r a l  F e r l o  a r e  t h e  s u b j e c t  o f  a study 
by S a n t o i r .  

The CEGET (Centre d 'é tudes de géographie t r o p i c a l e ) ,  a l a b o r a t o r y  o f  t h e  French 
Centre n a t i o n a l  de l a  recherche s c i e n t i f i q u e  (CNRS), has a l s o  under taken s t u d i e s  on 
t h e  e v o l u t i o n  o f  c o n t a c t s  between l i v e s t o c k  b reeders  and a g r i c u l t u r a l i s t s  i n  the  
wes te rn  Sudano-Sahelian zone o f  A f r i c a ,  under t h e  d i r e c t i o n  o f  P r o f e s s o r  G a l l a i s .  
Some dozen s tuden ts ,  w i t h i n  t h e  framework o f  mas te r ' s  degrees ("diplômes de m a î t r i s e " )  
and o f  h i g h e r  theses (" thèses de 3e cyc le " ) ,  have thus been a b l e  t o  under take  
research  i n  ag ro -pas to ra l  c o n t a c t  zones i n  M a u r i t a n i a ,  i n  M a l i  ( p r i n c i p a l l y  i n  t h e  
N i g e r  bend r e g i o n ) ,  i n  Upper V o l t a ,  i n  t h e  west o f  t h e  Repub l i c  o f  N i g e r  and i n  Chad. 
These s t u d i e s  a r e  g iv ing r i s e  t o  a number o f  s y n t h e t i c  works, such as t h a t  awai ted 
on t h e  Gourma o f  M a l i  by G a l l a i s .  

These two o r g a n i z a t i o n s  (ORSTOM and CNRS) have thus s e t  i n  t r a i n  research  pro-  
grammes on l i v e s t o c k  b r e e d i n g  and have i n i t i a t e d  s t u d i e s  wh ich  w i l l  f a c i l i t a t e  ana- 
l y s i s  o f  t h e  e v o l u t i o n  o f  t h e  d r o u g h t - a f f e c t e d  Sahe l i an  zone. 

The s o - c a l l e d  research  team No. 240 ( "L 'équipe de recherche 2 4 0 " ) ,  which i s  
l i n k e d  w i t h  t h e  CNRS, i s  c a r r y i n g  o u t  i n t e r d i s c i p l i n a r y  s t u d i e s  ( l i n g u i s t i c ,  bota-  
n i c a l ,  geograph ica l ,  e t h n o l o g i c a l ,  e t c . )  i n  e a s t e r n  A f r i c a ,  namely i n  t h e  g r a z i n g  
l ands  wh ich  s t r e t c h  eastwards f rom t h e  Toubou in  t h e  eas t  o f  N i g e r  and i n c l u d i n g  
Chad, Sudan, E t h i o p i a ,  Somalia, t h e  T e r r i t o r y  o f  A f a r s  and I ssas ,  e t c .  Tubiana 's  
work on t h e  Zaghawa f i l l s  t h e  gap between s t u d i e s  under taken i n  West A f r i c a  and 
those in  Eng l i sh -speak ing  e a s t e r n  A f r i c a .  

T h i s  ba lance  sheet i s  f a r  f rom b e i n g  exhaust ive,  s i n c e  any s tudy o f  nomadism 
impinges on a l l  s c i e n t i f i c  d i s c i p l i n e s ,  n o t  mere l y  those o f  t h e  human sc iences.  

The s e l e c t  b i b l i o g r a p h y  wh ich  f o l l o w s  p r o v i d e s  some i n d i c a t i o n s  o f  r e c e n t  work 
concerned w i t h  nomadism i n  t h e  S a h e l i a n  zone. 
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HUMAN GEOGRAPHY I N  THE SAHELIAN ZONE 

by E.  BERNUS, 
ORSTOM, P a r i  s .  

INTRODUCTION 

The d rough t  which i s  c u r r e n t l y  a f f l i c t i n g  A f r i c a  has b r o u g h t  t h e  Sahel  t o  t h e  
f o r e f r o n t  o f  p u b l i c  a t t e n t i o n .  However, i t  i s  n o t  a new phenomenon. Wh i le  r a i n f a l l  
r eco rds  a r e  l i m i t e d  b o t h  i n  space and t ime  (e.g. reco rds  da te  back o n l y  some 70 years 
f o r  Saint -Louis ,  Dakar, Niamey and Ouagadougou, and some 40 years f o r  most o f  t h e  
i n l a n d  s t a t i o n s  o f  t h e  N o r t h e r n  Sahel ) ,  t h e  a v a i l a b l e  r a i n f a l l  f i g u r e s ,  and t h e  
evidence p r o v i d e d  b y  much o r a l  t r a d i t i o n ,  enable a p i c t u r e  o f  p a s t  d rough ts  t o  b e  
b u i l t  up. Numerous s p e c i a l i s t s  have shown t h a t  t h e  p r e s e n t  d rough t  i s  n o t  e x c e p t i o n a l  
and should be seen as a f e a t u r e  o f  a c l i m a t i c  zone w i t h  marked i r r e g u l a r i t i e s  i n  
r a i n f a l l .  I t  i s  t r u e  t h a t  t h e  Sahel  i s  now p a s s i n g  th rough  a c r u c i a l  p e r i o d .  Bu t  
t h e  r e g i o n  has a l r e a d y  known such d r y  p e r i o d s ,  p a r t i c u l a r l y  t h e  yea rs  between 1910 
and 1916, and i t  can be s t a t e d  " t h a t  t h e r e  i s  no p r e s e n t  tendency towards i n c r e a s i n g  
a r i d i t y  i n  t h e  t r o p i c a l  and S a h e l i a n  zones" (Roche, 1974).  

The p r e s e n t  d rough t  has had grave consequences a l l  ove r  t h e  Sahe l i an  zone. 
Famine t h r e a t e n s  a l l  t h e  p o p u l a t i o n s  o f  t h e  r e g i o n ,  and i n  t h e  absence o f  an o rgan ized  
r e l i e f  programme, these people a re  condemned t o  e m i g r a t i o n  o r  t o  death.  I t  appears 
t h a t ,  i n  t h e  pas t ,  comparable c l i m a t i c  events  have produced l e s s  d ramat i c  e f f e c t s .  
O f  course, news t r a v e l s  v e r y  q u i c k l y  nowadays, and a famine t h a t  would be unknown 
t o  t h e  r e s t  o f  t h e  w o r l d  60 years ago c o u l d  n o t  pass u n n o t i c e d  today. Never the less ,  
i t  seems t h a t  t h e  e f f e c t s  o f  t h e  p r e s e n t  drought  are 'much g rave r  t h a n  those o f  t h e  
pas t .  Wh i le  t h e r e  i s  no t r e n d  towards i nc reased  a r i d i t y ,  b o t a n i s t s ,  e c o l o g i s t s  and 
rangeland s p e c i a l i s t s  have r e p o r t e d  a d e t e r i o r a t i o n  o f  t h e  v e g e t a t i o n ,  a q u a l i t a t i v e  
change o f  p a s t u r e s  and, i n  t o t a l ,  t h e  advance o f  t h e  Sahara and inc reased  d e s e r t i f i -  
c a t i o n  (Boudet, 1972). 

T h i s  c o n t r a d i c t i o n  between cause and e f f e c t  needs t o  be e x p l a i n e d  i n  r e l a t i o n  
t o  t h e  h i s t o r y ,  t h e  p a t t e r n  o f  s e t t l e m e n t  and t h e  r e c e n t  i n t e r v e n t i o n s  o f  man in  
t h e  Sahel. 

IDENTITY OF THE SAHELIAN ZONE : GEOGRAPHY AND HISTORY OF HUMAN SETTLEMENT 

The Sahe l i an  zone i s  o f t e n  d e f i n e d  acco rd ing  t o  c l i m a t i c  c r i t e r i a .  That  i s ,  i t s  
l i m i t s  a re  f i x e d  as a f u n c t i o n  o f  i s o h y e t s ,  t h e o r e t i c a l  l i n e s  j o i n i n g  p o i n t s  o f  
equa l  r a i n f a l l .  However, i t  must b e  s t r e s s e d  t h a t  t h e  Sahel  i s  a f l u c t u a t i n g  zone 
o f  c o n t a c t  between t h e  Sahara and t h e  a g r i c u l t u r a l  Sudan zone. The i s o h y e t s  t h a t  a r e  
taken as r e f e r e n c e  p o i n t s  g i v e  o n l y  t h e  averages o f  t h e  t o t a l  number o f  a v a i l a b l e  
obse rva t i ons .  No account  i s  t aken  o f  t h e  c o n s i d e r a b l e  d i f f e r e n c e s  between good and 
bad years.  Thus, i n  M a u r i t a n i a ,  t h e r e  a re  l a r g e  v a r i a t i o n s  i n  t h e  p o s i t i o n  o f  t h e  
100 mm i s o h y e t  between d r y  and wet p e r i o d s .  Toupet (1972) has n o t e d  t h a t  t h e  a rea  
between t h e  p o s i t i o n  o f  t h e  100 mm i s o h y e t  i n  1941-1942 and t h e  p o s i t i o n  o f  t h e  same 
i s o h y e t  i n  1951-1952 covers some 340 O00 km . T h i s  area, wh ich  can a l t e r n a t e  between 
a d e s e r t  and a t t r a c t i v e  pasture land,represents  31.5% o f  t h e  t o t a l  a rea  o f  M a u r i t a n i a .  
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These obse rva t i ons  a re  a p p l i c a b l e  t o  t h e  whole Sahe l i an  zone, t h e  n o r t h e r n  
l i m i t s  o f  wh ich  have r e t r e a t e d  some 100 t o  150 km t o  t h e  sou th  d u r i n g  t h e  p r e s e n t  
p e r i o d .  The temporary advance o f  t h e  Sahara has t rans fo rmed  g r a z i n g  l ands  which 
suppor ted an impor tan t ,  e x t e n s i v e  p a t t e r n  o f  s tockb reed ing  i n t o  an a lmost  d e s e r t i c  
zone, wh ich  can suppor t  o n l y  a v e r y  l i m i t e d  number o f  p a s t o r a l i s t s  and l i v e s t o c k  
herds.  The advance o f  t h e  Sahara had a l r e a d y  been observed i n  t h e  p e r i o d s  1910-1916 
and 1940-1944. During these p e r i o d s  a s e r i e s  o f  d r y  years b l i g h t e d  t h e  e n t i r e  Sahe l i an  
reg ion ,  ev idence o f  t h e  v a r i a t i o n s  in  r a i n f a l l  wh ich  t e m p o r a r i l y  t r a n s f o r m  t h e  con- 
d i t i o n s  o f  l i f e  i n  a m a r g i n a l  zone. The Sahel  i s  t h e r e f o r e  n o t  a p r e c i s e l y  d e l i m i t e d  
area and, i n  consequence, i t s  c a r r y i n g  c a p a c i t y  f o r  man and f o r  an imals  i s  e s s e n t i a l l y  
v a r i a b l e .  

From t h e  geograph ica l  v iewpo in t ,  t h e  q u e s t i o n  t h a t  must be answered i s  how has 
man su rv i ved ,  o rgan ized  h i s  s o c i a l  l i f e  and e x p l o i t e d  an a rea  wh ich  i s  i n  such 
d e l i c a t e  e q u i l i b r i u m  and v a r i e s  so much in  e x t e n t  ? U n t i l  t h e  end o f  t h e  1 9 t h  
cen tu ry ,  t h e  e n t i r e  Sahe l i an  zone was under t h e  c o n t r o l  o f  w a r l i k e  p a s t o r a l  peoples 
who e x e r c i s e d  a cons tan t  p ressu re  on t h e  sou the rn  a g r i c u l t u r a l  zone. In  h i s t o r i c a l  
t imes, success ive waves o f  nomads have surged down t o  t h e  Sudanese bo rde rs .  Thus 
t h e  Arabs p e n e t r a t e d  i n t o  M a u r i t a n i a  and the  Tuaregs occupied t h e  a g r i c u l t u r a l  l ands  
i n  t h e  N i g e r  bend a rea  and near  t h e  bo rde rs  o f  what i s  today N i g e r i a ,  a f t e r  so jou rn -  
i ng  i n  t h e  mountainous areas o f  Ahaggar, o f  Adrar  I f o g h a s  o r  o f  A ï r .  A f t e r  t h e  
d e c l i n e  o f  t h e  ma jo r  mediaeval  empires o f  sedentary  peoples,  t h e  p r o g r e s s i o n  o f  t h e  
nomads met w i t h  s c a r c e l y  any r e s i s t a n c e .  

The nomad s o c i e t i e s ,  w i t h  t h e i r  m i l i t a r y  type o f  o r g a n i z a t i o n  and h i g h  m o b i l i t y ,  
c o n s t i t u t e d  f o r m i d a b l e  a d v e r s a r i e s  f o r  t h e  c u l t i v a t o r s  who were t i e d  t o  t h e i r  f i e l d s  
and i n c a p a b l e  o f  r e p u l s i n g  s u r p r i s e  a t t a c k s .  The p a s t o r a l i s t s  - whose o n l y  resources 
were t h e i r  an imals  - coveted t h e  c e r e a l  crops.  There were f r e q u e n t  a l t e r c a t i o n s  
between r i v a l  nomad groups f o r  t h e  c o n t r o l  o f  t h e  g ra in -p roduc ing  lands.  

By l e a v i n g  t h e i r  b a s i c  resource  (namely, t h e i r  an imals)  i n  t h e  care o f  shepherds, 
t h e  p a s t o r a l  peoples c o u l d  devote themselves t o  w a r l i k e  e x p e d i t i o n s  and would a t t a c k  
t h e  v i l l a g e s  o f  a g r i c u l t u r a l i s t s  and o t h e r  groups o f  nomads. The permanent ly s e t t l e d  
zone p r o v i d e d  n o t  mere l y  a source o f  c e r e a l s  b u t  a l s o  a source o f  s e r v i l e  manpower 
cap tu red  f r o m  v i l l a g e s .  A t t a c k s  launched a g a i n s t  r i v a l  nomad groups c o u l d  p rocu re  
e x t r a  c a p t i v e s  and animals,  wh ich  i n  turn migh t  be l o s t  t h rough  a subsequent m i l i t a r y  
reve rse .  In  sum, t h e  human and animal  pressures on t h e  Sahe l i an  zone were in  cons tan t  
f l u x ,  b e i n g  c o n t i n u a l l y  r e a d j u s t e d  by war, p e r i o d i c  e p i z o o t i c  d iseases which anni -  
h i l a t e d  t h e  herds,  and t h e  d rough ts  wh ich  a l s o  decimated t h e  animals.  The unending 
l a c k  o f  s e c u r i t y  o f t e n  f o r c e d  t h e  nomads t o  band t o g e t h e r  and p u t  themselves under 
t h e  p r o t e c t i o n  o f  w a r r i o r s .  The p a s t o r a l  s o c i e t i e s  c r e a t e d  o rgan ized  p o l i t i c a l  
s t r u c t u r e s ,  w i t h i n  which each element had a g i v e n  r o l e  t o  p l a y .  The a r i s t o c r a t i c  
w a r r i o r  c l a s s  was concerned o n l y  w i t h  war and h e l d  s o l e  sway ove r  t h e  p r o t e c t e d  
p o p u l a t i o n  and i t s  herds.  The s p o i l s  o f  war p r o v i d e d  r i c h e s  f rom which a l l  b e n e f i t e d .  
De fea t  l e d  t o  t h e  d e p a r t u r e  o f  c a p t i v e s ,  t h e  l o s s  o f  animals and genera l  impover ish-  
ment. The o n l y  cho ice  a v a i l a b l e  was t o  move and seek b e t t e r  f o r t u n e  elsewhere. 

The predominance o f  t h e  p a s t o r a l i s t s  ove r  t h e  a g r i c u l t u r a l i s t s  came t o  an end 
w i t h  t h e  a r r i v a l  o f  t h e  c o l o n i s t s .  I t  was, i n  f a c t ,  t h e  nomads who p u t  up t h e  
s t r o n g e s t  r e s i s t a n c e  t o  t h e  new occupants.  In 1905, w i t h  t h e  a r r i v a l  o f  t he  f i r s t  
m i l i t a r y  columns, t h e  nomad w a r r i o r s  t r i e d  t o  oppose t h e  advance o f  t h e  i nvaders .  
The b l o o d y  b a t t l e s  wh ich  ensued were d i s a s t r o u s  f o r  t h e  nomad w a r r i o r s  : t h e  l ance  
and t h e  sword c o u l d  do l i t t l e  a g a i n s t  t h e  guns o f  t h e  i n v a d i n g  armies.  I n  1916-1917, 
r e b e l l i o n  raged ove r  t h e  whole Tuareg coun t ry .  The nomad w a r r i o r s  p e r i s h e d  i n  l a r g e  
numbers. They d i e d  f i g h t i n g ,  o r  d u r i n g  m e r c i l e s s  rep ress ions .  The massacre o f  t h e  
most a c t i v e  members o f  t h e  w a r r i o r - c l a s s  a r i s t o c r a c y  d e c a p i t a t e d  and d i sman t led  the  
nomad s o c i e t y .  I n  a d d i t i o n ,  t h e  c o l o n i a l  powers took s teps  t o  o b v i a t e  f u t u r e  
u p r i s i n g s .  They w i thd rew t h e  a u t h o r i t y  o f  t h e  former c h i e f s  b y  d i v i d i n g  up t h e  
con federa t i ons ,  b y  g i v i n g  new powers t o  those who t r a d i t i o n a l l y  d i d  n o t  have access 
t o  them, and b y  removing unco-operat ive l eaders  f rom t h e i r  p o s i t i o n s  o f  t r i b a l  
dominat ion.  From t h i s  p e r i o d ,  t h e  c a p t i v e s  pressed fo rward  w i t h  t h e i r  movement o f  
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emancipat ion.  The c o l o n i a l  o c c u p a t i o n  t rans fo rmed  t h e  ba lance  o f  power i n  t h e  
Sahe l i an  r e g i o n .  

EVOLUTION OF THE SAHELIAN ZONE 

From t h e  b e g i n n i n g  o f  t h e  c o l o n i a l  p e r i o d  t h e  p a s t o r a l  s o c i e t i e s  l o s t  t h e i r  
power and i n f l u e n c e  i n  t h e  a g r i c u l t u r a l  zones, ove r  wh ich  they  had p r e v i o u s l y  
e x e r c i s e d  p a r t i a l  c o n t r o l .  The i m p l a n t a t i o n  o f  a new a d m i n i s t r a t i o n  i n  a l l  t h e  towns 
and l a r g e r  v i l l a g e s  gave a new impetus t o  t h e  a g r i c u l t u r a l  p o p u l a t i o n s .  No l o n g e r  
th rea tened  b y  t h e  nomads, a g r i c u l t u r a l i s t s  extended t h e  areas under c u l t i v a t i o n .  
T h i s  p e r i o d  marked an i m p o r t a n t  s tage  in  t h e  development o f  t h e  S a h e l i a n  zone, and 
a number o f  f a r - r e a c h i n g  changes took  p l a c e .  

Thus, a t  t he  s o c i e t a l  l e v e l ,  t h e  n o b l e  t r i b e s  suddenly l o s t  t h e i r  supreme power 
ove r  g i v e n  p o l i t i c a l  groupings.  H i t h e r t o ,  t hey  had been accustomed t o  d e l e g a t e  
p a s t o r a l  and a g r i c u l t u r a l  d u t i e s  t o  t o t a l l y  s u b s e r v i e n t  elements w i t h i n  t h e  w i d e r  
grouping, f rom wh ich  they c o u l d  s e i z e  t h e  c a t t l e  and c e r e a l s  they  r e q u i r e d  a t  any 
t ime. Consequently, a f r a g m e n t a t i o n  o f  s o c i e t y  occurred.  Each t r i b e  evo lved  separa- 
t e l y ,  acco rd ing  t o  l o c a l  con t i ngenc ies ,  and c a r r i e d  on c a t t l e  r a i s i n g  o r  a g r i c u l t u r e  
f o r  i t s  own b e n e f i t .  P r o t e c t i o n ,  wh ich  was t h e  o t h e r  h a l f  o f  t h e  dependency r e l a t i o n ,  
was h e n c e f o r t h  a meaningless redundancy. The a u t h o r i t y  o f  many o f  t h e  o l d  c h i e f s  
c e r t a i n l y  p e r s i s t e d ,  b u t  a l l e g i a n c e  t o  them was h e n c e f o r t h  f r e e l y  consented. 

From t h e  geographic  v i e w p o i n t ,  t h e r e  was a break-up o f  t h e  p a s t o r a l  s o c i e t y .  
I t  was no l o n g e r  necessary t o  group t o g e t h e r  t o  r e p u l s e  marauding a t t a c k s .  New w e l l s  
were sunk, and r e g i o n s  which, f o r m e r l y ,  were grazed o n l y  i n  t h e  r a i n y  season and i n  
t h e  p e r i o d  o f  s tagnant  p o o l s  wh ich  immed ia te l y  f o l l o w s  t h e  r a i n y  season became u s a b l e  
throughout  t h e  yea r .  There was t h u s  a g e n e r a l  tendency towards d i s p e r s i o n  o f  human 
p o p u l a t i o n s  and g r a z i n g  herds.  

The sou the rn  c u l t i v a t e d  zone, wh ich  was a c o n t a c t  zone between herdsmen and 
a g r i c u l t u r a l i s t s ,  became more and more densely  populated.  Numerous r e c e n t  demographic 
surveys have shown t h e  growth r a t e s  o f  sedentary  groups t o  b e  g e n e r a l l y  h i g h e r  t h a n  
those o f  nomads (see B o u t i l l i e r ,  1962).  I n  a zone i n h a b i t e d  b y  b o t h  a g r i c u l t u r a l i s t s  
and herdsmen, n a t u r a l  growth r a t e s  tend  t o  f a v o u r  t h e  former.  In  t h e  survey o f  t h e  
Senegal v a l l e y ,  t h e  n e t  r e p r o d u c t i v e  r a t e s  o f  t h e  Moors was 1 .26% p e r  yea r ,  w h i l e  
t h a t  o f  sedentary  p o p u l a t i o n s  was 1 .78% p e r  yea r .  In  N i g e r ,  a survey under taken i n  
the  nomadic zone showed t h e  g rowth  r a t e s  t o  v a r y  i n  p r o p o r t i o n  t o  t h e  degree o f  
s e d e n t a r i z a t i o n .  The survey showed t h a t  f o r  t h e  most nomadic group, t h e  Boro ro  Peuls ,  
t he  annual  g rowth  r a t e  was 11%. For  t h e  F a r f a r u  Peul ,  on t h e  o t h e r  hand, a l e s s  m o b i l e  
group more s e t t l e d  in  t h e  a g r i c u l t u r a l  economy, t h e  co r respond ing  r a t e  was 2 . 4 % .  
Within the  Tuaregs, t he  pu re  nomads ( t h e  s o - c a l l e d  " t r u e  Tuaregs") have an annual  
growth r a t e  o f  1.2%, compared t o  a r a t e  o f  2.3% f o r  c a p t i v e  o r  p r e v i o u s l y  c a p t i v e  
nomads ("nomadic BOUZOUSII) and 3.5% f o r  t h e  seden ta r i zed ,  once-capt ive nomads 
( "sedentary  BOUZOUS"). These f i g u r e s  c l e a r l y  show t h e  r e l a t i v e  weakness o f  t h e  pasto-  
r a l i s t s  f r o m  t h e  demographic s tandpo in t .  

There has been a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  p o p u l a t i o n s  o f  t h e  e n t i r e  S a h e l i a n  
a g r i c u l t u r a l  zone. T h i s  has been accompanied b y  an e x t e n s i o n  o f  c u l t i v a t e d  lands.  
However, t h e  u n c u l t i v a t e d  areas used t o  se rve  as g r a z i n g  l ands  f o r  t h e  p a s t o r a l i s t s ,  
and i n  the  d r y  season numerous he rds  would p e n e t r a t e  i n t o  t h e  a g r i c u l t u r a l  zone, 
where they grazed on t h e  h a r v e s t e d  f i e l d s .  

I n  r e g i o n s  t r a d i t i o n a l l y  devoted t o  an ag ro -pas to ra l  economy (such as those o f  
t h e  Senegal v a l l e y ,  t h e  i n l a n d  d e l t a  o f  t h e  N i g e r ,  and t h e  p o o l s  and f r i n g e s  o f  t h e  
major  r i v e r s ) ,  t h e  p a s t o r a l i s t s  found themselves den ied  access t o  t h e i r  t r a d i t i o n a l  
sources o f  wa te r  and inunda ted  pas tu res .  Farmers expanded t h e  c u l t i v a t i o n  o f  r i c e  
a t  t h e  expense o f  bourgou ( " f l o a t i n g  pastures" ,  EchinochZoa), wh ich  were e a g e r l y  
sought a f t e r  b y  t h e  p a s t o r a l i s t s  d u r i n g  t h e  d r y  season. Access t o  p o o l s  o r  t o  r i v e r s  
€ o r  t h e  w a t e r i n g  o f  he rds  was b a r r e d  b y  hedges o r  fences, wh ich  enc losed  t h e  
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p a r c e l l e d - o u t  b a s i n s  o r  t h e  c u l t u r e s  grown on t h e  f l o o d e d  banks.Grazing l ands  shrank 
in  t h e  face  o f  t h e  a g r i c u l t u r a l  conquest. I n  a d d i t i o n ,  t h e  i n t r o d u c t i o n  o f  commercial 
crops such as groundnuts and c o t t o n  accentuated t h e  tendency o f  a g r i c u l t u r e  t o  t a k e  
ove r  a l l  a v a i l a b l e  t r a c t s  o f  l and .  A f t e r  h a r v e s t i n g ,  f i e l d s  p l a n t e d  f o r  fodder  crops 
used t o  b e  l e f t  open f o r  g r a z i n g  b y  nomadic he rds  f rom October onwards. Today, t h e  
p a s t o r a l i s t ' s  f reedom o f  a c t i o n  has been eroded, b o t h  i n  t ime  and space. Co t ton  
remains in  t h e  ground f o r  p a r t  o f  t h e  dry season, r i c e  occupies t h e  banks o f  r i v e r s  
a l o n g  w i t h  i r r i g a t e d  crops, and a l l  these c u l t u r e s  c o n s t i t u t e  obs tac les  t o  the herds 
o f  l i v e s t o c k .  Thus, t h e  pas tu res  w i t h i n  t h e  c u l t i v a t e d  Sahe l i an  zone have been 
reduced i n  area, and t h e  p e r i o d s  o f  f r e e  access f o r  t h e  c a t t l e  are i n c r e a s i n g l y  
r e s t r i c t e d .  

These events  l i e  a t  t h e  r o o t  o f  t h e  genera l  movement observed, d u r i n g  t h e  l a s t  
40 years  o r  so, o f  t h e  P e u l  p a s t o r a l i s t s  towards t h e  n o r t h .  T h i s  phenomenon has been 
n o t e d  i n  M a u r i t a n i a  and, more p a r t i c u l a r l y ,  i n  N i g e r .  The a d m i n i s t r a t o r s  s e r v i n g  i n  
Tahoua i n  t h e  years around 1940 have a f f i r m e d  t h a t  t he  nomadic Peuls  d i d  n o t  roam 
f u r t h e r  than  t h e  n o r t h  o f  Ader d u r i n g  t h a t  p e r i o d .  I n  c o n t r a s t ,  t h e  demographic 
survey under taken i n  1963 i n  t h e  Tahoua a rea  e s t i m a t e d  t h e  Peu ls  t o  comprise some 
18 O00 i n d i v i d u a l s ,  app rox ima te l y  18% o f  t h e  t o t a l  p o p u l a t i o n .  S t i l l  f u r t h e r  t o  t h e  
n o r t h ,  2 500 Peu ls  were counted i n  t h e  Agadez d i s t r i c t .  T h i s  f i g u r e ,  t aken  b e f o r e  
t h e  p r e s e n t  d rough t  p e r i o d ,  was undoubtedly  a gross underest imate because numerous 
Peu ls  p r e s e n t  a t  t h e  t ime o f  t h e  census were s t i l l  r e g i s t e r e d  i n  t h e  sou the rn  depar t -  
ments. I t  i s  t h e r e f o r e  remarkable t h a t ,  i n  t h e  p e r i o d  f rom 1940 t o  1970, t h e  n o r t h e r n  
l i m i t  o f  t h e  wander ings o f  t h e  nomadic Peu ls  (Bororos Wodaabe, above a l l )  has s h i f t e d  
f r o m  l a t .  15' N t o  l a t .  18" N, a d i s t a n c e  o f  more than  300 km. 

T h i s  movement towards t h e  n o r t h  o f  nomads who, u n t i l  t h a t  t ime, had l i v e d  i n  
c o n t a c t  w i t h  a g r i c u l t u r a l  s o c i e t i e s ,  has had a number o f  consequences, as f o l l o w s  : 

- F i r s t l y ,  t h e r e  has been an o v e r l o a d i n g  o f  pas tu res  which p r e v i o u s l y  had been much 
l e s s  i n t e n s i v e l y  grazed, and then  o n l y  by t h e  Tuaregs ( in  t h e  case o f  N i g e r ) .  T h i s  
o v e r l o a d i n g  has been caused a lmost  e x c l u s i v e l y  b y  c a t t l e  breeders.  Hence, i n c r e a s i n g  
use has been made o f  t h e  herbaceous pastures,  w i t h  s e r i o u s  consequences f o r  t h e  
resources  p r o v i d e d  b y  c e r t a i n  spontaneous p l a n t s ,  such as t h e  w i l d  seeds o f  Panicum, 
EchinochZoa, Cenchrus and Omza b a r t h i i  ( w i l d  r i c e ) ,  These resources o r d i n a r i l y  
p r o v i d e  a s i z e a b l e  c o n t r i b u t i o n  t o  t h e  d i e t  o f  p a s t o r a l  s o c i e t i e s ,  but  owing t o  t h e  
changing balance,  t h e y  a re  o f t e n  des t royed  b y  t h e  P e u l  c a t t l e  b e f o r e  they  can be 
ga the red  f o r  human consumption. 

- Another  consequence has been t h e  advent o f  numerous t e n s i o n s  between Tuaregs and 
Peuls .  The former,  who p r e v i o u s l y  c o n t r o l l e d  t h e  reg ion ,  began t o  f e e l  t h a t  they 
were b e i n g  invaded b y  t h i s  p r o g r e s s i v e  and i n s i d i o u s  m i g r a t i o n .  The breaking-up o f  
t h e  Tuareg and Moor w a r r i o r  s o c i e t i e s  and t h e  geographic  d i s p e r s i o n  o f  t h e  t r i b e s  
were f a c t o r s  wh ich  sof tened t h e  r e s i s t a n c e  t o  t h i s  i n v a s i o n .  Since then, t h e  co-habi- 
t a t i o n  o f  t h e  a rea  has n o t  proceeded q u i t e  smoothly.  Thus, d u r i n g  each d r y  season, 
d i s p u t e s  and q u a r r e l s  around t h e  w e l l s  r e s u l t  i n  k i l l i n g s .  

- A f i n a l  consequence o f  t h i s  m i g r a t i o n  i s  r e l a t e d  t o  t h e  t ype  o f  l i v e s t o c k  b rough t  
i n t o  t h e  r e g i o n  by t h e  Peuls .  T h i s  has been v e r y  s p e c i a l i z e d  i n  na tu re ,  composed 
a lmost  e n t i r e l y  o f  c a t t l e .  The Peu ls  a re  p a r t i c u l a r l y  a t tached,  f o r  t r a d i t i o n a l  and 
a e s t h e t i c  reasons, t o  a p a r t i c u l a r  type o f  an imal  : t h e  Bororo Zebu, c h a r a c t e r i z e d  
b y  i t s  reddish-brown h a i r ,  w e l l  developed hump and l o n g  l y r e - l i k e  horns.  T h i s  an imal  
accompanied t h e  P e u l s  on t h e i r  n o r t h e r l y  t r a v e l s ,  and has a r r i v e d  a t  t h e  l i m i t  o f  
i t s  e c o l o g i c a l  adap ta t i on .  I t  i s  l e s s  ha rdy  than the  Azawak Tuareg c a t t l e ,  and i s  
t h e  f i r s t  t o  s u f f e r  t h e  consequences o f  drought.Moreover, t h e  w e a l t h  o f  t h e  nomadic 
Peu ls  i s  founded on c a t t l e ,  and t h e y  possess v e r y  few camels, sheep o r  goats .  The 
n o r t h e r n  Sudanian type o f  l i v e s t o c k ,  d r i v e n  i n t o  t h e  nomadic Sahe l i an  zone b y  t h e  
Peuls,  p rospered  during t h e  good years,  but has been t h e  f i r s t  t o  b e  th rea tened  by 
t h e  d rough t  and t h e  shor tage o f  pas tu res .  
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Conversely,  an e n t i r e  zone t h a t  had been o n l y  s p a r s e l y  p o p u l a t e d  was invaded 
by new s e t t l e r s .  T h i s  zone, t h e  n o r t h e r n  f r i n g e  o f  t h e  a g r i c u l t u r a l  r e g i o n ,  i s  a t  
the l i m i t  o f  r a i n  c u l t i v a t i o n  o f  m i l l e t  and sorghum, where t h e  r a i n s  a r e  s c a r c e l y  
s u f f i c i e n t  f o r  r e g u l a r  h a r v e s t s .  The a rea  a t t r a c t e d  farmers who looked  nor thwards 
f o r  new lands,  as w e l l  as numerous nomads. The l a t t e r  were o f t e n  s e r v i l e  i n  o r i g i n  

o r  t t B ~ ~ ~ ~ ~ t t  o f  N i g e r ) ,  h a v i n g  l e f t  t h e  camps o f  t h e i r  masters  t o  t i l l  t h e  
l a n d  on t h e i r  own account.  In  r e g i o n s  a l r e a d y  i n h a b i t e d  b y  farmers grouped i n  
v i l l a g e s ,  t h e  new s e t t l e r s  occupied t h e  i n t e r m e d i a t e  lands,  b u i l d i n g  s t r a w  h u t s  and 
sometimes p u t t i n g  up t e n t s  on t h e  c l e a r e d  land .  T h i s  zone, wh ich  h i s t o r i c a l l y  had 
been occupied b y  dependents o f  t h e  w a r l i k e  nomadic p a s t o r a l i s t s  and c o n s t i t u t e d  t h e i r  
a g r i c u l t u r a l  branch, has been p r o g r e s s i v e l y  s e t t l e d  b y  new a r r i v a l s .  Adop t ing  a l i f e  
s t y l e  s i m i l a r  t o  t h a t  o f  nomads, these new s e t t l e r s  p r a c t i s e  an e x t e n s i v e  c u l t i v a -  
t i o n  o f  m i l l e t  as w e l l  as l i v e s t o c k  r a i s i n g .  They o f t e n  s e l l  i n  t h e  markets  a l l  t h e  
produce t h a t  can be ga the red  (wood f o r  h e a t i n g  and b u i l d i n g ,  w i l d  f r u i t s  and seeds, 
leaves o f  t h e  doum-palm f o r  espar to,  e t c . ) ,  and sometimes even a p a r t  o f  t h e i r  a g r i -  
c u l t u r a l  o r  p a s t o r a l  p r o d u c t i o n  ( c e r e a l s ,  cheese). T h i s  p iecemeal  f o r m  o f  a g r i c u l t u r a l  
c o l o n i z a t i o n  i s  one o f  t h e  most remarkable phenomena o f  t h e  S a h e l i a n  zone (Bernus, 
1963). C e r t a i n  o f  these former nomads have p e r f e c t e d  a number o f  i n n o v a t i v e  a g r i c u l -  
t u r a l  techniques.  Thus, i n  t h e  m o s t l y  densely  popu la ted  sou the rn  p a r t s ,  they have 
c rea ted  p a r a l l e l  r i b b o n s  o f  l and ,  wh ich  a re  e x p l o i t e d  i n  a success iona l  way. T h i s  
has enabled t h e  use o f  he rds  in  a c o n f i n e d  space, t h e  animals  b e i n g  k e p t  nea r  
moveable h u t s  i n s t a l l e d  on t h e  f a l l o w  l a n d  where they e n r i c h  t h e  f i e l d s  w i t h  t h e i r  
droppings (N ico las ,  1962). 

T h i s  c o l o n i z a t i o n  b y  former c a p t i v e s  o f  a l l  t he  f r e e  l a n d  between v i l l a g e s  d i d  
n o t  t ake  p l a c e  w i t h o u t  c o n f l i c t ,  p a r t i c u l a r l y  when t h e  f i e l d s  recovered f r o m  t h e  
bush a d j o i n e d  v i l l a g e  lands.  D ispu tes  i n c r e a s e  d u r i n g  t h e  p e r i o d  o f  a g r i c u l t u r a l  
l a b o u r  i n  t h e  f i e l d s .  

A l l  these obse rva t i ons  on t h e  S a h e l i a n  zone ( t h e  movement o f  p a s t o r a l i s t s  
towards t h e  n o r t h ,  t h e  break-up o f  t h e  w a r r i o r  s o c i e t i e s ,  s e t t l e m e n t  o f  t h e  former 
s e r v i l e  l a b o u r e r s  i n  t h e  marg in  o f  t h e  a g r i c u l t u r a l  z o n e ) ' l e a d  t o  t h e  same c o n c l u s i o n :  
t h a t  i n  b o t h  t h e  p a s t o r a l  and a g r i c u l t u r a l  zones o f  t h e  S a h e l i a n  r e g i o n ,  t h e  d e n s i t y  
o f  human and l i v e s t o c k  p o p u l a t i o n s  con t inues  t o  i nc rease .  Here l i e s  t h e  ma jo r  problem 
o f  t h e  f i n e l y  ba lanced  e q u i l i b r i u m  o f  t h e  Sahel. 

CAUSES AND CONSEQUENCES OF IMBALANCE I N  THE SAHEL 

I n  p r e v i o u s  paragraphs a t t e n t i o n  has been drawn t o  t h e  causes o f  t h e  excess i ve  
pressures on t h e  p a s t o r a l  l ands  and t h e  i n c r e a s e d  d e n s i t y  o f  o c c u p a t i o n  o f  t h e  
c u l t i v a t e d  lands.  The e x t e n s i o n  o f  cash crops (groundnuts,  c o t t o n ,  r i c e )  has p l a y e d  
an i m p o r t a n t  r o l e .  Also,  t h e  s low b u t  r e a l  improvement t h a t  has been made i n  t h e  
h e a l t h  s tandards o f  l o c a l  p o p u l a t i o n s  shou ld  n o t  be f o r g o t t e n .  M o r t a l i t y  r a t e s  have 
been lowered. The s e v e r i t y  o f  ep idemics o f  such d iseases as smal lpox and measles 
has been g r e a t l y  reduced b y  v a c c i n a t i o n  campaigns, and t h e  hecatombs o f  t h e  p a s t  
have been l a r g e l y  e l i m i n a t e d .  I n  a d d i t i o n ,  t h e  ma jo r  e p i z o o t i c  d i seases  ( c a t t l e  
plague, per i -pneumonia),  wh ich  p e r i o d i c a l l y  decimated t h e  Sahe l i an  herds,  have p rac -  
t i c a l l y  disappeared. F o r  a p e r i o d  o f  some twenty years,  t h e  numbers o f  l i v e s t o c k  
have con t inued  t o  i nc rease .  T h i s  i s  e s p e c i a l l y  so f o r  c a t t l e ,  wh ich  pose fewer 
husbandry problems than  t h e  s m a l l e r  animals,  and i n  p a r t i c u l a r  sheep. 

In o r d e r  t o  improve t h e  u t i l i z a t i o n  o f  g r a z i n g  l ands  and t o  a s s i s t  p a s t o r a l i s t s  
t o  i n c r e a s e  t h e i r  l i v e s t o c k  p r o d u c t i o n  i n  t h e  nomadic zone, a wa te r  development 
p o l i c y  has been implemented b y  a l l  t h e  Sahe l i an  c o u n t r i e s  th rough  t h e  d r i l l i n g  o f  
new wa te r  h o l e s .  Concrete w e l l s  have been sunk everywhere. These have r e c e n t l y  been 
complemented b y  mechanica l  pumping s t a t i o n s  w h i c h  e x t r a c t  deep ground wa te rs  f o r  
use b y  t h e  herdsmen. In  t h e  F e r l o  (Senegal) and i n  Azawak (N ige r )  - t o  c i t e  but t h e  
best-known examples - t h e  pumping s t a t i o n s  have b rough t  about a v e r i t a b l e  r e v o l u t i o n  
by o b v i a t i n g  t h e  exhaus t ing  tasks  o f  w a t e r i n g  l i v e s t o c k .  These tasks  pose i n c r e a s -  
i n g l y  s e r i o u s  problems f o r  nomadic s o c i e t i e s  wh ich  have l o s t  t h e i r  s e r v i l e  shepherd 
l abour .  
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T h i s  remarkable and t e c h n i c a l l y  s u c c e s s f u l  e f f o r t  has r e s u l t e d  i n  a much denser 
ne twork  o f  w a t e r i n g  p o i n t s  and has opened up r e g i o n s  wh ich  were n o t  p r e v i o u s l y  
e x p l o i t e d  in  t h e  dry season. I t  has a l s o  posed a c e r t a i n  number o f  problems, as 
f o l l o w s  : 

- F i r s t l y ,  i t  has r e s u l t e d  i n  an excess i ve  c o n c e n t r a t i o n  o f  an imals  around the  l a r g e r  
w e l l s  and, i n  p a r t i c u l a r ,  around t h e  pumping s t a t i o n s .  A l though  t h e  l i v e s t o c k  have 
been p r o v i d e d  w i t h  water ,  t h e r e  has been t h e  d u a l  d isadvantage o f  d e s t r o y i n g  t h e  
p l a n t  cover  around t h e . w a t e r i n g  p o i n t s  and o f  r e d u c i n g  t h e  g r a z i n g  o f  t h e  l i v e s t o c k .  
T h i s  i s  because t h e  d i s t a n c e  between a g i v e n  pump and t h e  areas s t i l l  s u p p o r t i n g  
some p l a n t  l i f e  i nc reases  d u r i n g  t h e  h o t  p e r i o d  a t  t h e  end o f  t h e  dry season w h i l e  
a t  t h e  same t i m e  t h e  l i v e s t o c k  become weaker (Peyre de Fabrègues, 1971). 

- A second f a c t o r  i s  t h a t  t h e  conc re te  w e l l s  and pumping s t a t i o n s  c o n s t r u c t e d  by 
t h e  governments a r e  p u b l i c  i n s t a l l a t i o n s  open t o  a l l  t h e  l i v e s t o c k  producers.  These 
new c o n s t r u c t i o n s  have o f t e n  l e d  t o  a c e r t a i n  anarchy in  t h e  e x p l o i t a t i o n  o f  p a s t u r e  
l ands  and i n  t h e  use o f  space. Once t h e  w a t e r i n g  p o i n t s  a re  p u t  a t  t h e  d i s p o s a l  o f  
everyone, i t  becomes i m p o s s i b l e  f o r  a group o f  nomads t o  e x e r c i s e  s u r v e i l l a n c e  ove r  
t h e  r e g i o n  i t  used t o  c o n t r o l .  Newcomers can i n s t a l l  themselves a t  any t ime  n e x t  t o  
a v a l l e y  encampment wh ich  has e x i s t e d  f o r  a number o f  years.  The g r a z i n g  p ressu re  
can thus i n c r e a s e  r a d i c a l l y  a lmost  o v e r n i g h t .  The d i s p e r s i o n  o f  nomadic s o c i e t i e s  
has undoubtedly  been a c c e l e r a t e d  b y  t h e  opening o f  wa te r  h o l e s  wh ich  a r e  no l o n g e r  
under  t h e  c o n t r o l  o f  t h e  t r i b a l  c h i e f s .  The e x i s t i n g  s p a t i a l  o r g a n i z a t i o n  has been 
s h a t t e r e d  b y  t h e  .herdsmen's new-found l i b e r t y .  

The p o l i c y  o f  wa te r  supply  development has t h e r e f o r e  had numerous consequences. 
I t  has encouraged o u t s i d e  p a s t o r a l i s t s  t o  move i n t o  a g i v e n  r e g i o n .  But  t h e  p o l i c y  
has a l s o  d e p r i v e d  t h e  o r i g i n a l  occupants - o f t e n  t h e  owners o f  w e l l s  which they 
themselves have dug - o f  t h e  e x c l u s i v e  g r a z i n g  r i g h t s  o f  n e i g h b o u r i n g  pas tu res .  
F i n a l l y ,  and most impor tan t ,  t h e  p o l i c y  has l e d  t o  new p ressu re  on t h e  g r a z i n g  l ands  
and has c r e a t e d  an imbalance between over-occupied r e g i o n s  and those t h a t  a re  s t i l l  
r e l a t i v e l y  empty. 

T h i s  summary r e v i e w  o f  t h e  Sahe l i an  zone and i t s  e v o l u t i o n  l eads  t o  one ma jo r  
c o n c l u s i o n  : t h a t  i f  t h e  p r e s e n t  drought  i s  n o t  p a r t  o f  a genera l  t r e n d  towards 
i n c r e a s i n g  a r i d i t y ,  t h e n  t h e  g e n e r a l  deg rada t ion  o f  t h e  p l a n t  cover  can be e x p l a i n e d  
b y  t h e  excess i ve  p ressu re  e x e r t e d  by human and l i v e s t o c k  p o p u l a t i o n s ,  a p ressu re  
wh ich  has c o n t i n u e d  t o  i n c r e a s e  d u r i n g  t h e  l a s t  f i f t y  years.  D u r i n g  years when r a i n -  
f a l l  i s  nea r  o r  even h i g h e r  t h a n  average - which was t h e  case i n  t h e  f i f t e e n  years 
p r e c e d i n g  t h e  p r e s e n t  c r i s i s  - t h e  o v e r l o a d i n g  i s  n o t  apparent,  b u t  i s  n e v e r t h e l e s s  
i n c r e a s i n g  c o n s t a n t l y .  W i t h  t h e  advent  o f  a d r y  p e r i o d ,  t h e  consequences have been 
f e l t  immediate ly .  The herds - wh ich  a r e  too  l a r g e  - d i e  and can o n l y  w i t h  d i f f i c u l t y  
f i n d  a temporary r e t r e a t  i n  t h e  south,  which i s  i t s e l f  overburdened. 

CONCLUSIONS 

Numerous abandoned s i t e s  o f  a n c i e n t  s e t t l e m e n t s  i n  t h e  n o r t h  Sahe l i an  zone 
t e s t i f y  t o  t h e  r e g r e s s i o n  o f  f i x e d  d w e l l i n g s  over  a number o f  c e n t u r i e s .  As Toupet 
(1973) has d e s c r i b e d  f o r  t h e  p l a t e a u x  o f  Tagant, Assaba and A f o l l é  i n  M a u r i t a n i a ,  
i n  t h e  M i d d l e  Ages t h e  Gangaras grew m i l l e t  some 200 km n o r t h  o f  t h e  a c t u a l  c u l t i v a t e d  
zone. I n  A ï r ,  numerous s t o n e - b u i l t  towns and v i l l a g e s  have been fo rsaken  and r e p l a c e d  
by s t r a w  encampments o r  t e n t s .  The worsening o f  c l i m a t i c  c o n d i t i o n s  presumably b rough t  
about t h e  abandonment o f  a sedentary,  sometimes even a g r i c u l t u r a l ,  way o f  l i f e .  T h i s  
process was o f t e n  a c c e l e r a t e d  by p e r i o d s  o f  i n s e c u r i t y  and wars, as f o r  example i n  
t h e  1 9 t h  c e n t u r y  i n  A y r .  

The r a i n f a l l  r eco rds  a v a i l a b l e  f o r  t h e  whole zone do n o t  suppor t  t h e  i d e a  o f  
an i n c r e a s i n g l y  a r i d  c l i m a t e  d u r i n g  t h e  p r e s e n t  cen tu ry .  O n  t h e  o t h e r  hand, observa- 
t i o n s  agree t h a t  t h e r e  has been a r e t r e a t  and degrada t ion  o f  t h e  p l a n t  cover  d u r i n g  
t h i s  p e r i o d .  I t  appears t h e r e f o r e  t h a t  t h e  ma jo r  problem o f  t h e  Sahe l i an  zone i s  t o  
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f i n d  an e q u i l i b r i u m  between human p o p u l a t i o n s  and lands  used f o r  g r a z i n g  and a g r i -  
c u l t u r e .  The c o m p e t i t i o n  between p a s t o r a l i s t s  and a g r i c u l t u r a l i s t s  f o r  new t r a c t s  
o f  l a n d  has compromised t h e  f r a g i l e  e q u i l i b r i u m  o f  a zone wh ich  can, f rom one yea r  
t o  another ,  e i t h e r  suppor t  c o n s i d e r a b l e  human p o p u l a t i o n s  o r  d e t e r i o r a t e  i n t o  a 
r e p u l s i v e  d e s e r t i c  area. The problem t h e r e f o r e  i s  t o  a v o i d  t h e  haphazard m u l t i p l i -  
c a t i o n  o f  he rds .  Rather,  t h e  a i m  shou ld  be t o  a r r i v e  a t  a p a t t e r n  f o r  t h e  occupa t ion  
o f  l ands  which makes t h e  p a s t o r a l i s t s  masters  o f  t h e i r  own t e r r i t o r i e s .  The pas to -  
r a l i s t s  shou ld  be empowered t o  r e g u l a t e  t h e  g r a z i n g  p ressu res  on zones cont iguous 
t o  t h e  w a t e r i n g  h o l e s  f o r  wh ich  they  a r e  r e s p o n s i b l e .  P o l i c i e s  should a l s o  be 
adopted f o r  t h e  p r e s e r v a t i o n  o f  pas tu res  u n t i l  t h e  end o f  t h e  d r y  season b y  e n s u r i n g  
the  p r o g r e s s i v e  e x p l o i t a t i o n  o f  a g i v e n  l a n d  a rea  d u r i n g  t h e  course o f  an annual  
c y c l e .  T h i s  i s  f e a s i b l e  o n l y  t o  t h e  e x t e n t  t h a t  a p a s t o r a l i s t  can be assured t h a t  
t h e  r e s t r a i n t  he e x e r c i s e s  w i l l  be respec ted  b y  o t h e r s  (Peyre de Fabrègues, 1973). 

The a t t a i n m e n t  o f  an e q u i l i b r i u m  i n  t h e  S a h e l i a n  zone remains a d i f f i c u l t  goa l .  
To date,  p r o j e c t s  t h a t  have been c a r r i e d  o u t  w i t h  apparent success f rom t h e  t e c h n i c a l  
s t a n d p o i n t  have i n v a r i a b l y  had c e r t a i n  adverse consequences. L i v e s t o c k  p r o d u c t i o n  
in  t h e  Sahel  should be adapted t o  c l i m a t i c  v a r i a t i o n s .  Q u a l i t a t i v e  and q u a n t i t a t i v e  
changes i n  l i v e s t o c k  herds should be accompl ished and r e g u l a t e d  i n  such a way as t o  
a v o i d  the  g r e a t  l osses  wh ich  f o l l o w  a d rough t .  Now i s  t h e  t i m e  t o  develop p o l i c i e s  
f o r  f u t u r e  years when t h e  c o n d i t i o n  o f  t h e  g r a z i n g  l ands  a g a i n  l eads  t h e  p a s t o r a l i s t s  
t o  r e c o n s t i t u t e  t h e i r  he rds  and t o  m u l t i p l y  t h e  numbers o f  t h e i r  l i v e s t o c k .  

However, a n y . l e g i s l a t i o n  - no m a t t e r  how w e l l  conceived - w i l l  b e  w o r t h  n o t h i n g  
more than  t h e  paper on which i t  i s  w r i t t e n  i f  t h e  p a s t o r a l i s t s  do n o t  p e r c e i v e  i t s  
s i g n i f i c a n c e  f o r  t h e i r  own l i v e l i h o o d  and w e l l - b e i n g .  The p r ime  o b j e c t i v e  f o r  t h e  
educa t ion  o f  t h e  nomads' c h i l d r e n  shou ld  be t o  make them aware o f  t h e  e c o l o g i c a l  
problems o f  t h e  environment i n  wh ich  they  l i v e .  The S a h e l i a n  c o u n t r i e s  cannot 
con t inue  t h e i r  unplanned e x p l o i t a t i o n  o f  these m a r g i n a l  reg ions ,  on wh ich  t h e i r  
f u t u r e  p r o s p e r i t y  depends. 

No m a t t e r  what happens, t h e  S a h e l i a n  zone w i l l  remain dependent on i t s  Sudanese 
b o r d e r  lands, and i t  cannot be i s o l a t e d  f r o m  i t s  sou the rn  c o n f i n e s .  The nomads, even 
d u r i n g  f a v o u r a b l e  p e r i o d s ,  depend p a r t l y  on t h e  m i l l e t  wh ich  they buy w i t h  t h e  
p r o d u c t  o f  t h e  s a l e  o f  t h e i r  animals.  The e q u i l i b r i u m  o f  t h e  Sahel  i s  i n t i m a t e l y  
l i n k e d  w i t h  t h a t  o f  t h e  a g r i c u l t u r a l  zone. A l l  long- term a c t i o n  must t a k e  account 
o f  these i n t e r r e l a t i o n s .  
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THE STATUS OF PASTORAL NOMADISM I N  THE SAHELIAN ZONE 

by  D. L. JOHNSON , 
Graduate School o f  Geography, 

C l a r k  U n i v e r s i t y ,  Worcester ,  Massachuset ts .  

Two fundamental  f a c t o r s  a f f e c t  t h e  p r e s e n t  s t a t u s  of p a s t o r a l  nomadism. O n  t h e  
one hand a r e  t h e  t r a d i t i o n a l  a d a p t i v e  c u l t u r e  complexes t h a t  suppor t  t h e  nomadic 
l i f e  s t y l e .  These c u l t u r e  t r a i t s  r e f l e c t  a l o n g  p e r i o d  o f  adap t i ve  i n t e r a c t i o n  
between p a s t o r a l  man, h i s  domest ica ted  animals ,  and t h e  p h y s i c a l  env i ronment .  The 
end r e s u l t  o f  t h i s  p rocess  i s  a resource-use system capable of e x p l o i t i n g  m a r g i n a l  
and w i d e l y  d i s t r i b u t e d  resources .  The o t h e r  ma jo r  f a c t o r  shaping contemporary pas- 
t o r a l  nomadism i s  t h e  c o n s t e l l a t i o n  o f  p ressu res  t h a t  g e n e r a l l y  go under t h e  r u b r i c  
o f  modern i za t i on .  Techno log ica l  i n n o v a t i o n s  generated o u t s i d e  t h e  nomadic m i l i e u  have 
d r a s t i c a l l y  a l t e r e d  t h e  s o c i a l ,  economic, and p o l i t i c a l  c o n t e x t  w i t h i n  wh ich  t h e  
nomadic l i f e  s t yLe  must ope ra te  and have i n s t i t u t e d  i m p o r t a n t  changes i n  p a s t o r a l  
nomadism i t s e l f .  These change p ressu res  a r e  e l a b o r a t e d  elsewhere i n  t h i s  c o l l e c t i o n  
and so  a r e  n o t  t r e a t e d  i n  d e t a i l  i n  t h e  p r e s e n t  paper .  T h i s  paper focuses p r i m a r i l y  
o n  a n  examinat ion  o f  t h e  t r a d i t i o n a l  adap ta t i ons  o f  t h e  nomadic genre de v i e .  E x i s t -  
ing research  o n  t h e  nomads o f  t h e  Sahe l i an  zone i s  rev iewed  t o  suppor t  genera l i za -  
t i o n s  about t h e i r  e c o l o g i c a l  a d a p t a t i o n  and r o l e  as a resource-use system. A c o n t r a s t -  
ing m i c r o s c a l e  case s tudy  f r o m  t h e  e a s t e r n  r e g i o n  o f  t h e  L i b y a n  Arab Repub l i c  i s  p r e -  
sented t o  i l l u s t r a t e  t h e  comp lex i t y  o f  nomadic ethnosc ience.  F i n a l l y ,  some t e n t a t i v e  
suggest ions  f o r  f u t u r e  research ,  and s e v e r a l  a l t e r n a t i v e  scenar ios  f o r  t h e  f u t u r e  
development o f  p a s t o r a l  nomadism, a r e  advanced. 

THE ECOLOGICAL ROLE OF PASTORAL NOMADISI! 

In  i t s  e v o l u t i o n ,  p a s t o r a l  nomadism developed as a n  e c o l o g i c a l l y  c o n d i t i o n e d  
o f f - shoo t  o f  s e t t l e d  a g r i c u l t u r a l  communit ies. By s u b s t i t u t i n g  m o b i l i t y  f o r  t h e  r o o t -  
edness o f  t h e  farmer,  t h e  nomad was a b l e  t o  u t i l i z e  an ima ls  t o  e x p l o i t  
resources  t h a t  were w i d e l y  d i s t r i b u t e d  i n  t i m e  and space. To t h i s  e s s e n t i a l  f e a t u r e  
a l l  o t h e r  aspec ts  o f  t h e  nomadic l i f e  s t y l e  a r e  subord ina ted  and b o t h  m a t e r i a l  
possessions and s o c i a l  va lues  l e n d  substance and suppor t  t o  t h e  b a s i c  adap ta t i on .  
I n  t h e  c o n t e x t  o f  t h e  p resen t  d rough t  a f f e c t i n g  Sub-Saharan A f r i c a ,  t h r e e  b a s i c  
f e a t u r e s  o f  t h e  nomadic way of  l i f e  have paramount impor tance.  These a r e  t h e  eco lo -  
g i c a l  a d a p t a t i o n  o f  p a s t o r a l  nomadism t o  and t h e  a s t u t e  e x p l o i t a t i o n  o f  m a r g i n a l  
resources ,  t h e  i n t i m a t e  dependence o f  nomadic p o p u l a t i o n s  upon t h e  s e t t l e d  a g r i c u l -  
t u r a l  community, and t h e  c h a r a c t e r i s t i c  response o f  an ima l  he rde rs  t o  extreme e n v i -  
ronmenta l  events  such as d rough t .  

Eco Zogica I! s e t t i n g  

Nomadic an ima l  husbandry i s  i n v a r i a b l y  l o c a t e d  o n  t h e  marg ins  of sedentary  a g r i -  
c u l t u r e .  A t  a g i v e n  t e c h n o l o g i c a l  l e v e l  t h e r e  a r e  always resources  t h a t  a r e  t o o  
m a r g i n a l  t o  b e  used a g r i c u l t u r a l l y ,  but wh ich  can b e  e x p l o i t e d  by nomadic p a s t o r a l -  
i s t s .  Indeed, € o r  many o f  t h e  more a r i d  p o r t i o n s  o f  t h e  wor ld ,  except  where p e c u l i a r  
l o c a l  s e t t i n g s  o f f e r  abundant wa te r  s u p p l i e s  o r  e x p l o i t a b l e  m ine ra l s ,  p a s t o r a l  nomad- 
i s m  may w e l l  o f f e r  t h e  o n l y  mechanism f o r  p r o d u c t i v e  resource '  development. I t  i s  
l i k e l y  t h a t  many r e g i o n s  would b e  l a r g e l y  devo id  o f  human i n h a b i t a n t s  were i t  n o t  
f o r  t h e i r  use by p a s t o r a l  nomads. 
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I n  Sub-Saharan A f r i c a  an e c o l o g i c a l  g.radient e x i s t s  wh ich  comprises we l l -watered  
t r o p i c a l  r a i n f o r e s t  d i s t r i c t s  a t  one extreme and e x c e p t i o n a l l y  b a r r e n  d e s e r t  env i ron-  
ments a t  t h e  o t h e r .  These run l a t i t u d i n a l l y  across  A f r i c a  i n  a s e r i e s  o f  p a r a l l e l  
bands and a cor respond ing  s e r i e s  o f  l i v e l i h o o d  zones r o u g h l y  matcheb t h e  resource  
p o t e n t i a l  o f  t h e  env i ronmenta l  zones (see f i g .  1). Herd animals  p l a y  a m i n i m a l . r o l e  
i n  t h e  c o a s t a l  f o r e s t e d  d i s t r i c t s ,  but grow i n  impor tance nor thwards  as a r i d i t y  in- 
c r e a s e s , d m a l  d iseases  assume a l e s s  v i t a l  l i m i t i n g  r o l e  and fodder  s u p p l i e s  become 
more abundant. Nomadic an ima l  husbandry i s  most success fu l  i n  t h e  grass lands  o f  t h e  
Sahe l i an  zone. T h i s  i s  because t h e  m o b i l e  c a p i t a l  represented  by an imals  can b e  
s h i f t e d  ove r  g r e a t  d i s t a n c e s  b o t h  t o  e x p l o i t  w i d e l y  d i spe rsed  seasonal  pas tu res  and 
t o  escape l o c a l  and seasonal  d rought  c o n d i t i o n s .  The nomad t h u s  uses m o b i l i t y  t o  
e x p l o i t  a n  a g r i c u l t u r a l l y  m a r g i n a l  n i c h e  beyond t h e  reach  o f  t h e  s e t t l e d  community. 

J u s t  as t h e  b road  z o n a l  p a t t e r n s  rep resen t  genera l i zed  adap ta t i ons  t o  l a r g e -  
s c a l e  ecosystems, so t o o  do assessments o f  l o c a l  c o n d i t i o n s  opera te  t o  de termine 
t h e  types  o f  an ima ls  herded, t h e  t i m i n g  o f  movement, t h e  s t o c k i n g  r a t i o ,  t h e  numbers 
and adequacy o f  l o c a l  wa te r  sources, e t c .  The cho ice  o f  b a s i c  subs is tence animals  
made between c a t t l e ,  camels, o r  some m i x t u r e  among v a r i o u s  a v a i l a b l e  species,  r e f l e c t s  
an o f t e n  a s t u t e  a n a l y s i s  o n  t h e  p a r t  o f  t h e  he rde r  as t o  how b e s t  t o  meet h i s  va lued  
ends by m a n i p u l a t i o n  o f  t h e  resources  a t  h i s  d i s p o s a l .  T h i s  s e l e c t i o n  of h e r d  s t o c k  
a l s o  suggests  i n t i m a t e  f a m i l i a r i t y  w i t h  t h e  p e c u l i a r i t i e s  o f  s m a l l  micro-environments. 
Among t h e  Baggara f o u r  ma jo r  r e g i o n s  and some n i n e t e e n  sma l le r  subregions a r e  
recognized.  F o r  each r e g i o n  t h e  seasonal  resource  p o t e n t i a l  i s  w e l l  known and p a t t e r n s  
o f  movement and s t o c k  herded m i r r o r  t h e  env i ronmenta l  assessment. Thus c u l t u r a l  and 
economic subsystems opera ted  b o t h  between and w i t h i n  t r i b a l  groups tend t o  b e  d i v i d e d  
o n  t h e  b a s i s  o f  geograph ic  c r i t e r i a .  Even where one animal  m i g h t  appear t o  dominate 
t h e  a t t e n t i o n  o f  t h e  nomad, o t h e r  an ima ls  a r e  o f t e n  p resen t .  The impor tan t  r o l e  o f  
t h e  goa t  as a b a s i c  subs is tence an imal  i n  Tuareg cU l tu re ,  d e s p i t e  t h e  emphasis p laced  
o n  t h e  camel, i s  a case i n  p o i n t .  

1 Agriculture (sedentary and shifting) with household 

2 Agriculture with intrusive Pastoralism 
3 Mixed Pastoral Nomadism with some Settled Agriculture 
4 Camel Nomadism and Oasis Agriculture 

animals 

Figure 1. Major Cultural-Ecological Zones in Africa South of the Sahara (after 
H.R.J. Davies. Tropical Africa : An Atlas for Rural Development. and E.B. Espenshade. 
Jr., Goode’s World Atlas. 13th Ed.). 
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In  each case where more t h a n  one t y p e  o f  an ima l  i s  herded, t h e  o b j e c t i v e  i s  t o  
e x p l o i t  n i c h e s  t h a t  would o t h e r w i s e  be u n u t i l i z e d .  Herds composed o f  d i f f e r e n t  
spec ies a l s o  m in im ize  env i ronmen ta l  r i s k  by m a i n t a i n i n g  c a p i t a l  rese rves  i n  s e v e r a l  
d i f f e r e n t  commodities and l o c a t i o n s .  I t  i s  t h e  f i r s t  f a c t o r  t h a t  e x p l a i n s  b o t h  t h e  
expansi.on o f  c a t t l e - h e r d i n g  F u l a n i  i n t o  m o i s t  up lands i n  t h e  Cameroons and t h e  
C e n t r a l  A f r i c a n  Repub l i c  as w e l l  as t h e  no r thward  s h i f t  o f  c a t t l e - h e r d e r s  i n t o  what 
i s  u s u a l l y  camel c o u n t r y  d u r i n g  a sequence o f  w e t t e r  t h a n  no rma l  years.  I t  i s  a l s o  
t h e  reason f o r  a s p e c i a l i z a t i o n  a long  e t h n i c  l i n e s  i n  t h e  h e r d i n g  o f  d i f f e r e n t  an imals  
by nomads l i v i n g  i n  t h e  same area. 

P a s t o r a l  m i g r a t i o n s  a r e  an i n t e g r a l  p a r t  o f  t h e  nomadic adap ta t i on .  C l o s e l y  ad- 
j u s t e d  t o  t h e  seasonal  s h i f t s  i n  t h e  i n t e r t r o p i c a l  convergence zone, these movements 
a r e  analogous t o  those under taken  by w i l d  an imals  i n  t h e  A f r i c a n  g rass lands .  The o n l y  
d i f f e r e n c e  i s  one o f  pu rpose fu lness .  U n l i k e  t h e  w i l d  g r a z i n g  ungu la tes ,  p a s t o r a l  he rds  
a r e  guided t o  t h e  b e s t  a v a i l a b l e  seasonal  wa te r  sources i n  a t r i b a l  t e r r i t o r y  and a r e  
a s s i s t e d  m a t e r i a l l y  d u r i n g  t h e  d r y  season by t h e  development o f  subterranean wa te r  
sources u n a v a i l a b l e  t o  t h e i r  w i l d  compa t r i o t s .  

These p a s t o r a l  movements a r e  w e l l  understood, a t  l e a s t  i n  b r o a d  o u t l i n e ,  and r e -  
p r e s e n t  a f l e x i b l e  ad justment  t o  a v a r i a b l e  env i ronmen ta l  regime. A l though  r e g u l a r i t y  
i n  m i g r a t i o n  a d j u s t e d  t o  broad-scale seasonal  c y c l e s  e x i s t s ,  movement tends t o  be more 
a d i r e c t i o n  t h a n  a s p e c i f i c  r o u t e .  T h i s  i s  c e r t a i n l y  t h e  case f o r  t h e  Somal i  p a s t o r a l -  
i s t s  ( f i g .  2 ) .  Here d r y  season w e l l s  p r o v i d e  a focus  f o r  t h e  t r i b a l  group, but l a n d  
ownership p a t t e r n s  a r e  g e n e r a l l y  i m p r e c i s e  and a p u l s a t i o n  i n t o  t h e  i n t e r i o r  t o  r e a c h  
seasona l l y  a v a i l a b l e  p a s t u r e s  i s  t h e  m i g r a t i o n  p a t t e r n .  An analogous n o r t h - s o u t h  
p u l s a t i o n ,  a l b e i t  w i t h  v a r i a t i o n s  a d j u s t e d  t o  l o c a l  s e t t i n g s ,  i s  widespread through-  
o u t  zones 2 (see f i g .  1) and 3. More r e s t r i c t e d  movements o f  subs i s tence  he rds  among 
t h e  Tuareg and Teda o f  zone 4 are  a l s o  found.  Cons ide rab le  case s tudy  d a t a  f o r  t h e  
movement o f  i n d i v i d u a l  f a m i l i e s  a l s o  e x i s t s ,  a l t h o u g h  i t  i s  g e n e r a l l y  l i m i t e d  t o  
s p e c i f i c  t r i b e s  o r  t h e i r  subsec t i ons  and may n o t  b e  r e p r e s e n t a t i v e  over  more exten-  
s i v e  areas. W i t h  t h e  b road  g e n e r a l  p a t t e r n s  o f  p a s t o r a l  m i g r a t i o n  w e l l  understood,  
i t  i s  a t  a sma l l - sca le  l e v e l  of  t r i b a l  movements w i t h i n  subsystems o f  t h e  r e g i o n ' s  
l a r g e - s c a l e  e c o l o g i c a l  zones t h a t  f u t u r e  r e s e a r c h  shou ld  be concen t ra ted .  



Nomad-sedentary re la t i onsh ips  

Whi le  p a s t o r a l  nomadism rep resen ts  an a d a p t a t i o n  t o  a g r i c u l t u r a l l y  m a r g i n a l  
c o n d i t i o n s ,  i t  i s  n o t  a s e l f - s u f f i c i e n t  way o f  l i f e .  Rather,  i t  i s  c l o s e l y  l i n k e d  
t o  s e t t l e d  a g r i c u l t u r a l  communities. F o r  many nomads s u r v i v a l  i n  t h e  absence o f  t h i s  
r e l a t i o n s h i p  would be imposs ib le .  Fo r  some nomads, such as t h e  Tuareg o r  t h e  Teda, 
t h e  o a s i s  and i t s  a g r i c u l t u r a l  produce forms an i n t e g r a l  p a r t  o f  t h e  l i f e  s t y l e .  
Re tu rn  v i s i t s  t o  t h e  oas i s  a re  made a t  l e a s t  once each year t o  c o l l e c t  t h e  da te  
ha rves t ,  and many f a m i l y  groups seldom t r a v e l  a g r e a t  d i s t a n c e  f rom t h e i r  a g r i c u l t u r a l  
cen te r .  Other  nomads r a i s e  a g r i c u l t u r a l  produce themselves e i t h e r  as an i n t e g r a l  p a r t  
of t h e i r  long- t ime e c o l o g i c a l  adjustment o r  on a more sporad ic  b a s i s  whenever l o c a l  
r a i n f a l l  i s  s u f f i c i e n t  f o r  a crop. 

A l though  i n  t h e  p a s t  t h e  nomad was a b l e  t o  use h i s  s u p e r i o r  m o b i l i t y  as a m i l i -  
t a r y  weapon w i t h  wh ich  t o  e x t r a c t  needed a g r i c u l t u r a l  supp l i es  and c r a f t  p roduc ts  b y  
fo rce ,  these r e l a t i o n s h i p s  always had a t  l e a s t  some measure o f  symbiosis.  P r o t e c t i o n  
m i g h t  be p r o v i d e d  t o  t h e  a g r i c u l t u r a l i s t  i n  r e t u r n  f o r  h i s  su rp lus  produce, a l t hough  
i n  areas where a g r i c u l t u r a l i s t s  were i s o l a t e d  something o t h e r  than  a f r e e  t r a d e  s i t u a -  
t i o n  a p p l i e d .  Wherever a g r i c u l t u r a l i s t s  were n u m e r i c a l l y  s t ronger ,  t h i s  s i t u a t i o n  o f  
e x p l o i t a t i o n  and f o r c e d  a g r i c u l t u r a l  t r i b u t e  seldom app l i ed .  Here s p e c i a l i z a t i o n  i s  
t h e  o rde r  o f  t h e  day, l i f e  s t y l e  d i f f e r e n t i a t i o n  i s  o f t e n  r e i n f o r c e d  b y  e t h n i c i t y ,  
and i n t e r a c t i o n  v i a  t r a d e  i s  e s s e n t i a l .  I n  most o f  these areas t h e  v a s t  b u l k  o f  t he  
l i v e s t o c k  i s  i n  nomadic hands and p r o t e i n  d e f i c i t s  i n  t h e  sedentary d i e t  can o n l y  be 
made up b y  exchanging g r a i n  f o r  an ima l  p roduc ts .  

M a r k e t i n g  s e t t i n g s  f o r  t h i s  i n t e r a c t i o n  a re  common and, a l t hough  r e q u i r i n g  
cons ide rab ly  more study, i t  i s  c l e a r  t h a t  t hey  p e r f o r m  v i t a l  economic f u n c t i o n s .  Com- 
p l i c a t e d  p a t t e r n s  o f  an ima l  movement f r o m  t h e  Sahel  t o  t h e  urban centers ,  as w e l l  as 
ind igenous arrangements t h a t  p r o v i d e  c r e d i t  and f a c i l i t a t e  exchange, a re  r e q u i r e d  t o  
keep t h e  e n t i r e  system f u n c t i o n i n g .  An unders tand ing  o f  t h e  economic i n t e r a c t i o n  be- 
tween t h e  two l i f e  s t y l e s  i s  e s s e n t i a l  f o r  f u t u r e  developmental  p l a n n i n g  f o r  t h e  
r e g i o n .  P a s t o r a l  nomads have c o n t r i b u t e d  much t o  t h e  economic v i t a l i t y  o f  b o t h  l o c a l  
and n a t i o n a l  communit ies i n  terms o f  m i l k ,  meat, manure, and h ides .  There i s  every  
reason t o  b e l i e v e  t h a t  p a s t o r a l  nomadism can con t inue  t o  do so. 

S t a b i l i t y  and change i n  the nomadic t r a d i t i o n  

Prom t h e  d a t a  p r o v i d e d  by  case s t u d i e s  o f  nomadic groups, two p a r t i c u l a r  aspects 
o f  nomadic eco logy  - t h e  t r a d i t i o n a l  p a t t e r n  o f  s e d e n t a r i z a t i o n  and t h e  p a s t o r a l i s t s '  
response t o  d rought  - seem e s p e c i a l l y  r e l e v a n t  t o  t h e  problems p r e s e n t l y  f a c i n g  t h e  
Sahe l i an  zone. 

Sedentar iza t ion  i n  the  t r a d i t i o n a l  context  

That s e d e n t a r i z a t i o n  i s  a p rocess  i n t e g r a l  t o  t h e  nomadic l i f e  s t y l e  and n o t  
j u s t  a new phenomenon seems c l e a r .  I n  t h e  p a s t  some nomads always were d ropp ing  o u t  
o f  t h e  bo t tom o f  nomadic s o c i e t y .  S e d e n t a r i z a t i o n  i n v a r i a b l y  occur red  i n  t h e  t r a d i t i o n -  
a l  nomadic c o n t e x t  whenever a f a m i l y ' s  h e r d  was reduced i n  numbers f o r  any s u b s t a n t i a l  
p e r i o d  below t h e  s i z e  r e q u i r e d  f o r  a m in ima l  l e v e l  o f  subs is tence.  Drought p robab ly  
was t h e  most f r e q u e n t  cause o f  d i s a s t r o u s  h e r d  losses, b u t  an ima l  e p i z o o t i c s  undoubt- 
e d l y  accounted f o r  many ins tances  o f  s e d e n t a r i z a t i o n .  I n  most cases, nomads f o r c e d  
t o  s e t t l e  came f rom t h e  l ower  economic s t r a t a  o f  s o c i e t y .  I n  a l l  cases t h e  nomad 
views t h i s  en fo rced  s e t t l e m e n t  as a temporary phenomenon. The i n t e n t i o n  i s  t o  g a i n  
enough money b y  employment i n  a g r i c u l t u r e  o r  i n  o t h e r  ways o f  l i f e  t o  once aga in  pu r -  
chase an imals  and r e t u r n  t o  p a s t o r a l  nomadism. 

I n d i v i d u a l s  a r e  a l s o  l o s t  t o  nomadic s o c i e t y  f r o m  t h e  wea l thy  end o f  t h e  soc io -  
economic continuum. Success i n  h e r d i n g  p l u s  t h e  f o r t u i t o u s  occur rence o f  a run o f  
c l i m a t i c a l l y  good years  r e s u l t s  i n  r a p i d  expansion i n  h e r d  s i z e .  Possessing su rp lus  
c a p i t a l ,  t h e  w e a l t h y  nomad i s  cons t ra ined  i n  h i s  enjoyment o f  t h e  f r u i t s  of h i s  l a b o r  
b y  t h e  aus te re  t r a d i t i o n s  o f  nomadic l i f e .  Since l a r g e  herds  cannot e a s i l y  be herded 
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by one man i n  one p lace ,  t hey  a r e  e n t r u s t e d  t o  t h e  c a r e  o f  shepherds. F r e q u e n t l y  
these shepherds a r e  impover ished members o f  t h e  same f a m i l y  o r  c l a n  o r  a r e  r e l a t i v e s  
by mar r iage.  In  r e t u r n  f o r  h e r d i n g  t h e  w e a l t h y  nomad's s u r p l u s  animals ,  t h e  shepherd 
r e c e i v e s  a f i x e d  percentage o f  t h e  n a t u r a l  i nc rease  i n  f l o c k  s i z e .  T h i s  enables a 
d e s t i t u t e  nomad t o  rema in  nomadic w h i l e  r e b u i l d i n g  h i s  h e r d  t o  v i a b l e  p r o p o r t i o n s .  
T h i s  s e l f - h e l p  d e v i c e  i s  o f  c r u c i a l  impor tance i n  m a i n t a i n i n g  t h e  i n t e g r i t y  o f  a 
nomadic s o c i e t y  because i t  h e l p s  t o  d i s t r i b u t e  w e a l t h  th roughout  t h e  community. 

I t  i s  p r e c i s e l y  t h i s  r e d i s t r i b u t i v e  mechanism that i s  undercu t  by la rge -sca le  
r e g i o n a l  d roughts  wh ich  a f f e c t  b o t h  r i c h  and poor  nomads e q u a l l y .  A l though  t h e  
i n i t i a l  burden o f  d rought  f a l l s  most s e v e r e l y  on t h e  poor ,  who e x i s t  c l o s e s t  t o  t h e  
marg in  o f  subs is tence i n  t h e  b e s t  o f  t imes,  a l o n g  con t inued  drought  o p e r a t i n g  ove r  
l a r g e  t e r r i t o r i e s  w h i t t l e s  down t h e  herds  of  t h e  wea l thy  as w e l l .  When t h i s  occurs  
a i d  f r o m  w i t h i n  t h e  nomadic community i s  o b l i t e r a t e d  and b o t h  r i c h  and poor  must 
s e t t l e  down, a t  l e a s t  t e m p o r a r i l y .  

The response t o  t h i s  p o s s i b i l i t y  i s  t o  i n v e s t  some o f  t h e  c a p i t a l  generated 
th rough c a t t l e  s a l e s  i n  a f o r m  o f  p r o p e r t y  t h a t  can b e  reconver ted  i n t o  an ima ls  a t  
some f u t u r e  da te .  Thus, wea l thy  nomads o f t e n  purchase l a n d  and e s t a b l i s h e d  f i x e d  
res idence  a t  one p a r t  o f  t h e  t r i b a l  t e r r i t o r y ,  o f t e n  i n  t h e  dry season p a s t u r e  zone. 
T h i s  phenomenon has been f r e q u e n t l y  r e p o r t e d . f o r  F u l a n i  c h i e f s  and i s  p r o b a b l y  a 
u n i v e r s a l  tendency. One c o n c l u s i o n  t o  b e  drawn i s  t h a t  s e d e n t a r i z a t i o n  b o t h  by cho ice  
and under t h e  compulsion o f  economic a d v e r s i t y  i s  a n  i n t e g r a l  p a r t  o f  t h e  nomadic 
adapta t ion ,  t h a t  i t  occurs  con t inuous ly ,  and t h a t  t h e  r a t e  o f  s e d e n t a r i z a t i o n  i s  
d r a m a t i c a l l y  inc'reased d u r i n g  severe drought .  Another c o n c l u s i o n  i s  t h a t  nomads a r e  
i n h e r e n t l y  m i d d l e  c l a s s  e i t h e r  i n  t h e i r  income l e v e l  o r ,  s i n c e  c a p i t a l  ga ins  o f  t h e  
wea l thy  a r e  i n v e s t e d  e i t h e r  i n  animals  o r  i n  sav ings,  i n  t h e i r  m a t e r i a l  s tandard  o f  
l i v i n g  and t h a t  g r e a t  s a c r i f i c e s  w i l l  n o r m a l l y  b e  made t o  remain  nomadic o r  t o  resume 
p a s t o r a l  l i f e  as r a p i d l y  as p o s s i b l e  once env i ronmenta l  c o n d i t i o n s  improve. 

Nomadic response t o  drought 

F o r  w h i l e  p ro longed,  widespread d rough t  may occur  o n l y  once i n  a nomad's l i f e -  
t ime, seasonal  d rought  i s  a y e a r l y  f a c t  o f  l i f e  and a cons tan t  reminder  o f  t h e  more 
extreme c o n d i t i o n s  w a i t i n g  i n  t h e  wings.  

A l l  aspec ts  o f  nomadic l i f e  a r e  subord ina ted  t o  t h i s  one r e a l i t y .  I t  i s  t h e  
t h r e a t  o f  d rought  c o n d i t i o n s  t h a t  encourages t h e  nomad t o  i n c r e a s e  h i s  herds  t o  t h e  
maximum e x t e n t  p o s s i b l e .  Thus, w h i l e  c a t t l e  may b e  k e p t  f o r  a v a r i e t y  o f  n o n - u t i l i -  
t a r i a n  reasons and s e l e c t e d  f o r  t h e  s i z e  and shape o f  ho rns  o r  f o r  c o l o r  c h a r a c t e r i s -  
t i c s ,  and w h i l e  t h e  animals  may b e  va lued  f o r  t h e  power and p r e s t i g e  t h e y  c o n f e r  o n  
t h e  owner r a t h e r  than  f o r  t h e  amount o f  m i l k  t hey  y i e l d ,  t h e  emphasis on sheer numbers 
of animals has i t s  r o o t  i n  t h e  des i re  t o  enhance the  i nd i v iduaz ' s  economic s e c u r i t y .  
I t  i s  t h e  s u r v i v a l  o f  a r e s i d u a l  f l o c k  that  i s  o f  c r u c i a l  impor tance t o  t h e  nomad, 
s i n c e  i t  i s  upon t h i s  f r a c t i o n  o f  h i s  p red rough t  h e r d  t h a t  h e  expec ts  t o  r e b u i l d .  

Obv ious ly  t h i s  p ressu re  w i t h i n  t h e  nomadic community t o  i n c r e a s e  t h e  s i z e  o f  i t s  
herds  e x p o n e n t i a l l y  cannot  con t inue  unabated. Overgrazed pas tures ,  d e p l e t e d  wa te r  
resources  and malnour ished s t o c k  would b e  t h e  i n e v i t a b l e  r e s u l t .  Drought a f f e c t i n g  
s m a l l  r e g i o n s  ( v a r i a b i l i t y  i n  t h e  e f f e c t i v e n e s s  o f  r a i n f a l l ,  and d i s r u p t i o n s  i n  t h e  
t i m i n g  and d i s t r i b u t i o n  o f  r a i n )  occur  f r e q u e n t l y .  Mar r i age  a l l i a n c e s  between 
occupants o f  d i f f e r i n g  e c o l o g i c a l  zones, p o l i t i c a l  arrangements between t r i b e s ,  and 
t h e  s e l f - h e l p  and m u t u a l l y  o b l i g a t o r y  p a t t e r n s  o f  a s s i s t a n c e  i n t e g r a l  t o  t h e  nomadic 
e thos  a r e  a l l  designed t o  cope w i t h  t h e  normal  and expec tab le  v a r i a b i l i t y  of t h e  
immediate t r i b a l  h a b i t a t .  

F o r  t h e  d rough t  t h a t  opera tes  ove r  a v e r y  b road  r e g i o n a l  s e t t i n g ,  t h e r e  a r e  few 
compensatory dev ices .  I n  another  paper  I have argued that t h e r e  i s  a n  a n t i c i p a t a b l e  
scenar io  i n  t h e  nomadic response t o  a d rough t  o f  t h i s  magnitude. T h i s  scenar io  i s  
suggested i n  t a b l e  1. Once d rough t  con t inues  beyond t h e  n o r m a l l y  d r y  p o r t i o n  o f  t h e  
year, t h e  nomad i s  faced  w i t h  a s e r i o u s  s i t u a t i o n .  C o n t r a r y  t o  expec ta t i on ,  t h e  
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TABLE 1. Scenar io  o f  nomadic response t o  l a rge -sca le  r e g i o n a l  drought.  

deepening drought .  Stage 1 : 

Stage 2 : 

Stage 3 : 

Stage 4 : 

R e s t r i c t e d  movement around permanent water  sources; ove rg raz ing  near w e l l s ;  
dea th  o f  weakest animals;  r a i d i n g ;  some animals sa les  i f  near  a market.  
i n t e n s e  drought .  
C r u c i a l  move/stay d e c i s i o n s ;  massive h e r d  d i e - o f f s ,  e s p e c i a l l y  o f  water-  
demanding species; d e p l e t i o n  o f  an ima l  and m a t e r i a l  c a p i t a l  reserves ;  l i v e -  
s tock  sa les  wherever poss ib le ,  b u t  poor  p r i c e  s i n c e  s tock  c o n d i t i o n  i s  poor .  
t o t a l ,  p ro longed  drought .  
Drought o f ,  s e v e r a l  years  d u r a t i o n ;  most o f  animals consumed, dead o r  so ld ;  
c a p i t a l  rese rves  expended; i n v o l u n t a r y  s e d e n t a r i z a t i o n .  
d rought  recovery .  
Use o f  remain ing  c a p i t a l  reserves ,  s u r v i v i n g  stock,  and l a b o r  sa les  t o  
r e b u i l d  t h e  herds .  

tendency i s  n o t  t o  move q u i c k l y  t o  areas where i t  i s  hoped t h a t  c o n d i t i o n s  m igh t  be 
b e t t e r .  Rather  eve ry  e f f o r t  i s  made t o  make use o f  t he  a v a i l a b l e  rema in ing  water  and 
grass  resources  i n  t h e  t r a d i t i o n a l  d r y  season a rea  and t o  concen t ra te  on a l i m i t e d  
a r r a y  o f  permanent water  sources. Reluctance t o  l eave  t h e  t r a d i t i o n a l  a rea  i s  under- 
standable.  Rains m i g h t  be o n l y  de layed r a t h e r  than  permanent ly b locked,  l o c a l  
r e s o u r c e s a r e f a r  b e t t e r  known than  d i s t a n t  areas and h e r d  l osses  m i g h t  be  e q u a l l y  as 
g r e a t  i n  a move as those i n c u r r e d  i f  t h e  group s tayed i n  i t s  home t e r r i t o r y ;  o t h e r  
areas a r e  occupied b y  d i f f e r e n t  and p o t e n t i a l l y  h o s t i l e  groups, so access t o  resources  
i n  d i s t a n t  areas i s  b y  no means c e r t a i n .  

As g r a z i n g  and water  resources  become i n c r e a s i n g l y  scarce and as drought  c o n t i -  
nues, t h e  d e c i s i o n  t o  move o r  s t a y  becomes c r u c i a l .  I f  taken t o o  l a t e ,  t h e  l o s s  o f  
animals d u r i n g  t h e  m i g r a t i o n  may be  as g r e a t  as would occur i f  t h e  t r i b e  remained i n  
p lace .  When the  d e c i s i o n  t o  move i s  taken, t h e  s h i f t  i n  l o c a t i o n  i s  u s u a l l y  t o  some 
r e g i o n  w i t h  wh ich  t h e  group i s  f a m i l i a r ,  o f t e n  a long t h e  margins o f  t r i b a l  t e r r i t o r y .  
I t  m igh t ,  as i s  t h e  case f o r  t h e  Ahaggar Tuareg, i n v o l v e  a s h i f t  southward i n t o  
r e g i o n s  t h a t  a r e  n o r m a l l y  grazed b y  t h e i r  camels, a l o c a t i o n a l  change t h a t  o f t e n  
becomes permanent. F o r  almost a l l  groups t h i s  move r e q u i r e s  a southward o s c i l l a t i o n  
t o  r e g i o n s  c l o s e r  t o  t h e  coas t  o r  t o  t h e  banks o f  the  r e g i o n s '  few permanent r i v e r s .  

I n e v i t a b l y  t h e  nomad's a t tempt  t o  salvage a t  l e a s t  some g a i n  f rom t h e  demise o f  
h i s  an ima ls  i s  t aken  a t  t h e  wrong t i m e  i n  t h e  l i f e  c y c l e  o f  t h e  i n d i v i d u a l  animals. 
W i t h  t h e  s t o c k  i n  d e b i l i t a t e d  c o n d i t i o n  they  command o n l y  a m i n i m a l  p r i c e .  S tored  
c a p i t a l  reserves ,  whether o f  j e w e l r y ,  ca rpe ts ,  g r a i n  o r  o t h e r  m a t e r i a l  possessions, 
a r e  consumed i n  t h e  process  o f  t r y i n g  t o  keep t h e  f a m i l y  unit  a l i v e  and i n t a c t .  I f  
t h e  d rough t  l a s t s  l o n g  enough n e a r l y  t o t a l  d e s t r u c t i o n  o f  t h e  h e r d  may r e s u l t .  
Recovery and r e c o n s t i t u t i o n  o f  t he  herds  f o l l o w i n g  a r e t u r n  t o  more normal  c l i m a t i c  
c o n d i t i o n s  i s  a s low process, f r a u g h t  w i t h  d i f f i c u l t i e s  f o r  t h e  i n d i v i d u a l  herder .  
Many nomads undoubted ly  f a i l  t o  r e t u r n  t o  t h e  nomadic community and permanent ly e n t e r  
sedentary  l i f e .  

Such i s  t h e  broad and g e n e r a l i z e d  o u t l i n e  o f  t h e  nomadic response t o  d rought .  
Far t o o  l i t t l e  i s  known o f  t h e  p r e c i s e  mechanisms by  wh ich  nomads a d j u s t  t o  drought,  
i n  terms o f  t h e  r e g i o n s  t o  wh ich  t h e y  n o r m a l l y  have recourse  i n  drought  pe r iods .  The 
r e a l i t y  o f  t h e  s i t u a t i o n  suggests t h a t  a massive and cont inuous  process  o f  change has 
taken  p l a c e  i n  t h e  nomadic community such t h a t  t r a d i t i o n a l  models o f f e r  o n l y  l i m i t e d  
i n s i g h t  i n t o  t h e  ad jus tment  processes now t a k i n g  p lace .  

CONTINUITY AND CHANGE I N  THE PASTORAL PATTERNS OF EASTERN LIBYA 

P a s t o r a l  nomadism has f o r  c e n t u r i e s  been t h e  dominant way o f  l i f e  i n  e a s t e r n  
L ibya .  The v a r i o u s  resource-use systems o f  t h e  nomads o f  L i b y a ' s  Cyrena ican r e g i o n  
a r e  adapted t o  v a r i a t i o n s  i n  t h e  a rea ' s  eco logy  i n  wh ich  m o i s t u r e  and v e g e t a t i o n  
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zones grade g r a d u a l l y  f rom shrub f o r e s t  communit ies o f  t h e  up land  Med i te r ranean 
c o a s t a l  d i s t r i c t s  t o  t h e  i n t e r i o r  l ow land  g rass land  and d e s e r t  environments south  o f  
t he  J b e l  al-Akhdar (green mountains).  The r e s u l t i n g  env i ronmen ta l  g r a d i e n t  f r o m  coas t  
t o  d e s e r t  i s  analogous, a l b e i t  w i t h i n  a much more l i m i t e d  s p a t i a l  sca le ,  t o  t h e  eco- 
l o g i c a l  z o n a t i o n  c h a r a c t e r i s t i c  o f  West A f r i c a .  The p a s t o r a l  systems o f  e a s t e r n  L i b y a  
have been desc r ibed  i n  d e t a i l  elsewhere. Th is  a n a l y s i s  focuses on an i d e a l i z e d  
p a s t o r a l  f a m i l y  l o c a t e d  i n  a semi -ar id  g rass land  s e t t i n g  on t h e  southern  s lope o f  
t he  J b e l  al-Akhdar. 

Resource-use assessment 

P a s t o r a l i s t s  o f  t h e  semi -ar id  steppe h a b i t u a l l y  h e r d  a v a r i e t y  o f  d i f f e r e n t  
an ima l  species.  Goats, sheep and camels, each w i t h  d i f f e r i n g  fodder  p re fe rences ,  
drought to le rances ,  speed and range o f  movement and y i e l d s  o f  useab le  p roduc ts ,  a r e  
t h e  most commonly u t i l i z e d  an imals .  Goats a r e  k e p t  because t h e y  a r e  hardy,  can con- 
v e r t  t h e  shrubby maquis v e g e t a t i o n  o f  t h e  c o a s t a l  d i s t r i c t s  i n t o  useab le  m i l k ,  meat 
and h ides  and possess t h e  r e q u i s i t e  a g i l i t y  t o  opera te  i n  b roken  coun t ry .  Sheep a re  
a more demanding species,  b e i n g  more d i f f i c u l t  t o  h e r d  and more s u s c e p t i b l e  t o  ad- 
v e r s e  water  and g r a z i n g  c o n d i t i o n s .  However, t hey  y i e l d  t h e  woo l  t h a t  forms t h e  b a s i s  
of t e n t s  and c l o t h i n g  and t h e  meat t h a t  c o n s t i t u t e s  t h e  nomad's p r e f e r e d  food. In  
a d d i t i o n ,  camels a re  ma in ta ined  t o  p r o v i d e  baggage t r a n s p o r t ,  m i l k  i n  season, h a i r  
f o r  t h e  r a i n y  season t e n t ,  and a power source f o r  a g r i c u l t u r a l  p l o w i n g  opera t i ons .  
Camels a l s o  rep resen t  an i nsu rance  p o l i c y  a g a i n s t  d rought  s i n c e  they  can range over 
g r e a t  d i s tances  i n  search  o f  water  and p a s t u r e  and w i l l  e a t  a t h o r n y  and s a l t y  
v e g e t a t i o n  u n e x p l o i t a b l e  b y  o t h e r  species.  

Together w i t h  an ima l  husbandry, most Cyrena ican nomads p r a c t i c e  a g r i c u l t u r e .  
T h i s  c o n t r a d i c t s  c o n v e n t i o n a l  mytho logy  b u t  stems f r o m  r a t i o n a l  r o o t s .  A g r i c u l t u r a l  
ope ra t i ons  o f f e r  an e s s e n t i a l  d i e t a r y  i n g r e d i e n t  i n  a r e g i o n  where sedentary  fa rm ing  
communit ies a re  t r a d i t i o n a l l y  weak. A t  t h e  same t i m e  s u r p l u s  g r a i n s  s o l d  i n  t h e  
c o a s t a l  towns r e t u r n  an income t h a t  can be  i n v e s t e d  i n  animals wh ich  a r e  t h e  essen- 
t i a l  i n g r e d i e n t  i n  p o l i t i c a l  power, s o c i a l  p r e s t i g e ,  b r i d e p r i c e ,  l i n e a g e  s o l i d a r i t y  
and o t h e r  e s s e n t i a l  s o c i a l  i n s t i t u t i o n s .  Thus, n e a r l y  a l l  nomads p l a n t  g r a i n .  In t h e  
semi -ar id  areas t h i s  i s  o f t e n  a r i s k y  bus iness  and t h e  i n c i d e n c e  o f  c rop  f a i l u r e  i s  
h i g h .  C e r t a i n l y  t h e  p l a n t i n g  and h a r v e s t i n g  t imes  a re  c r u c i a l  p e r i o d s  i n  t h e  y e a r l y  
cyc les  o f  most Cyrenaican p a s t o r a l i s t s  and serve  as f i x e d  p o i n t s  b o t h  t e m p o r a r i l y  
and s p a t i a l l y  i n  an i n d i v i d u a l  f a m i l y ' s  regime. 

SeasonaZ movements of a nomadic f a m i Z y  

E q u a l l y  i m p o r t a n t  i s  t h e  dychotomous w i n t e r - s p r i n g  r a i n  and summer-fal l  d rought  
t h a t  c h a r a c t e r i z e s  t h e  Med i te r ranean  c l i m a t i c  regime. Ba lanc ing  an imal  h e r d i n g  and 
a g r i c u l t u r a l  ope ra t i ons  i n  response t o  t h i s  s e a s o n a l i t y  can become a complex process .  
The annual  regime f o r  one f a m i l y  f o r  t h e  yea rs  1965, 1967 and 1970 i s  d e p i c t e d  i n  
f i g .  3. 1965 rep resen ts  t h e  l a s t  yea r  i n  wh ich  t h e  t r a d i t i o n a l  m i g r a t o r y  regime was 
fo l l owed .  Herd ing  t h r e e  spec ies  o f  animals p l a c e s  s t r a i n s  on t h e  l a b o r  supp ly  a v a i l -  
a b l e  even t o  an extended f a m i l y  o f  t h r e e  genera t i ons .  Great  d i f f i c u l t i e s  e x i s t  i n  
h e r d i n g  l a r g e  f l o c k s  (600 sheep, 300 goats,  100 camels) wh ich  must move i n  separa te  
o r b i t s  o f t e n  f a r  away f rom t h e  f a m i l y ' s  home a rea  f o r  l a r g e  p a r t  o f  t h e  year .  

Goats move over t h e  s h o r t e s t  d i s tances .  As t h e  b a s i c  subs is tence an imal  t hey  
a r e  k e p t  c l o s e  t o  t h e  f a m i l y  t e n t s  and o s c i l l a t e  d a i l y  between t h e  t e n t  s i t e  and t h e  
sur round ing  grass lands .  U s u a l l y  t h e  r a d i u s  o f  movement i s  some s i x  t o  e i g h t  k i l o m e t e r s  
and young boys serve  as shepherds. Younger sons a c t  as guard ians  o f  t h e  sheep. I n  1965 
these were grazed i n  c o a s t a l  d i s t r i c t s  some f i f t y  k i l o m e t e r s  f r o m  t h e  home d i s t r i c t .  
Sheep movements a r e  h i g h l y  v a r i a b l e  f r o m  year  t o  year .  As t h e  spec ies  most v u l n e r a b l e  
t o  drought,  sheep a re  g e n e r a l l y  s h i f t e d  t o  t h e  b e s t  a v a i l a b l e  g r a z i n g  d e s p i t e  t h e  
d i s tances  i n v o l v e d .  I n  e s p e c i a l l y  bad years,  movement as f a r  as ad-Dafna d i s t r i c t ,  
sou th  eas t  o f  Tubruq, has t a k e n  p l a c e .  G iven t h e  m a r g i n a l i t y  o f  t h e  e a s t e r n  L i b y a n  
environment, p a s t u r e  c o n d i t i o n s  and water  a v a i l a b i l i t y  may v a r y  cons ide rab ly  f rom 
one l o c a l  env i ronmenta l  unit t o  another .  The normal  p r a c t i c e  i s  t o  guarantee access 
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Figure 3. Pastoral Movements of a Nomadic Family in Eastern Libya. 
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t o  these resources  on a mu tua l  a s s i s t a n c e  b a s i s  b y  c o n t r a c t i n g  a c e r t a i n  percentage 
o f  mar r iages  w i t h  t r i b a l  components o u t s i d e  t h e  g e n e a l o g i c a l  and geographic c o n f i n e s  
o f  one 's  immediate s u b t r i b e .  

Camels move over the  g r e a t e s t  d i s t a n c e s .  The onset  o f  t h e  r a i n y  season sees a 
southward movement o f  t h e  camel h e r d  u t i l i z i n g  t h e  s c a t t e r e d  v e g e t a t i o n  o f  t h e  
i n t e r i o r .  The exac t  d i s t a n c e  t r a v e l l e d  depends on annual  c o n d i t i o n s ;  i n  1965 t h e  b e s t  
camel g r a z i n g  was some 15 k i l o m e t e r s  sou th  o f  t h e  f a m i l y  w e l l  s i t e  and t h e  l o c a t i o n  
o f  t h e  camels i n  r e l a t i v e l y  c l o s e  p r o x i m i t y  t o  t h e  f a m i l y  means t h a t  more t h a n  j u s t  
t h e  shepherds were a b l e  t o  u t i l i z e  camel m i l k .  In s p r i n g  t h e  camels were s h i f t e d  t o  
t h e  c o a s t a l  d i s t r i c t  o f  a l -Fa tayah where t h e y  remained unt i l  t h e  d r y  season. 

The drought  c o n d i t i o n s  o f  summer c o n s t i t u t e  t h e  most d i f f i c u l t  p e r i o d  o f  t h e  
year .  Goats and sheep must be  watered  n e a r l y  eve ry  day; camels o s c i l l a t e  between t h e  
w a t e r i n g  p o i n t s  and southern  pas tu res  on an e i g h t  t o  t e n  day c y c l e .  The r e s u l t  i s  
v e r y  cons ide rab le  p ressu re  on  t h e  g r a z i n g  resources  w i t h i n  a day 's  t r a v e l  o f  t h e  
f a m i l y  w e l l s .  The p ressu re  i s  p a r t i c u l a r l y  i n t e n s e  f rom t h e  p e r s p e c t i v e  o f  sheep, 
s i n c e  they  a r e  most v u l n e r a b l e  i n  the  f a c e  o f  water  d e f i c i t s  and most s e l e c t i v e  i n  
fodder  p re fe rences .  Each year  a complex assessment o f  l o c a l  c o n d i t i o n s  must be made 
t o  de termine t h e  u t i l i t y  o f  l o c a l  resources .  Should l o c a l  g r a z i n g  and water  c o n d i t i o n s  
i n d i c a t e  p o t e n t i a l  d e f i c i e n c i e s ,  herds  must be  moved t o  t h e  c o a s t a l  up land  h i l l s .  
T h i s  d e c i s i o n  must be made q u i t e  e a r l y  i n  t h e  year  because ' Idras" (Thapsia garganica), 
a poisonous p l a n t ,  becomes i n c r e a s i n g l y  f a t a l  as t h e  year  p rogresses  and t h e  an imals  
r e q u i r e  t ime  t o  become accustomed t o  i t  o r  t o  a v o i d i n g  i t .  The h i g h  c o s t  o f  r e n t i n g  
up land  w e l l s  and c i s t e r n s  and t h e  u n s u i t a b i l i t y  o f  shrub pas tu res  f o r  sheep, toge the r  
w i t h  the  d e s i r e  t o  remain  c l o s e  t o  t h e  f a m i l y ' s  g r a i n  p l o t s  nea r  t h e  w e l l  s i t e ,  cons- 
p i r e  t o  make t h i s  up land movement a l a s t  r e s o r t  i n  o n l y  t h e  most extreme and adverse 
circumstances. 

Ba lanc ing  t h e  complex requ i rements  o f  t h r e e  an ima l  spec ies  as w e l l  as a g r i c u l -  
t u r a l  ope ra t i ons  and o r g a n i z i n g  t h e  l a b o r  r e q u i r e d  t o  accompl ish  them r e s u l t e d  i n  
1965 i n  a v a r i e t y  o f  d i f f e r e n t  movements and a s c a t t e r i n g  o f  f a m i l y  members across  
t h e  landscape. G iven the  d i s p e r s i o n  o f  resource  use a c t i v i t i e s ,  and t h e  impor tance 
o f  a g r i c u l t u r e ,  i t  i s  perhaps l o g i c a l  t h a t  t h e  c e n t r a l  c l u s t e r  o f  f a m i l y  t e n t s  shou ld  
remain  c l o s e  t o  t h e  f a m i l y ' s  w e l l s ,  c i s t e r n s  and f i e l d s .  The movements t h a t  t o o k  p l a c e  
i n  1965 were t h e  l a s t  t ime  t r a d i t i o n a l  p a t t e r n s  were f o l l o w e d .  Changing economic 
c o n d i t i o n s  have r e s u l t e d  i n  r a d i c a l  a l t e r a t i o n s  i n  t h e  nomadic m i l i e u .  

The maps f o r  seasonal  movements i n  1967 and 1970 i l l u s t r a t e  some o f  these 
changes. The most i m p o r t a n t  i s  t h e  abandonment o f  camel he rd .  T h i s  suggests b o t h  t h e  
reduced importance o f  t h e  camel i n  t r a n s p o r t a t i o n  and t h e  more secure economic cond i -  
t i o n s  r e s u l t i n g  f rom o i l  development. I n  t h e  fo rmer  case t h e  camel has been r e p l a c e d  
b y  t h e  Land Rover and t h e  fa rm t r a c t o r .  In  t h e  l a t t e r  i n s t a n c e  employment i n  t h e  
government-supported segment o f  t h e  economy e l i m i n a t e s  t h e  need t o  h e r d  camels as a n  
i nsu rance  p o l i c y  a g a i n s t  d rought .  Younger sons who f o r m e r l y  herded camels now work 
and l i v e  i n  t h e  c o a s t a l  c i t i e s ,  a l t h o u g h  t h e y  r e g u l a r l y  r e m i t  money and goods t o  t h e  
o l d e r  genera t i ons  s t i l l  l i v i n g  i n  t h e  i n t e r i o r .  I n  a v e r y  r e a l  sense a m a r g i n a l  n i c h e  
has been abandoned and a more p r o d u c t i v e  n i c h e  developed i n  t h e  modern s e c t o r  o f  t h e  
economy. A g r i c u l t u r a l  i n n o v a t i o n s ,  i n c l u d i n g  t h e  i n t r o d u c t i o n  o f  t r e e  crops, i n t e n s i f y  
a t r a d i t i o n a l  component o f  t h e  f a m i l y  economy. 

A l though  goats  remain  t h e  ma jo r  subs is tence an ima l  and t h e  f a m i l y ' s  t e n t s  
con t inue  t o  move over  v e r y  l i m i t e d  d i s tances ,  t h e  r o l e  o f  sheep has ga ined i n  p r o -  
minence. Sheep have always been t h e  major  element in  c a p i t a l  f o r m a t i o n  and accumu- 
l a t i o n  among t h e  Cyrena ican p a s t o r a l i s t s .  I nc reased  w e a l t h  i n  t h e  c o a s t a l  u rban  
c e n t e r s  has generated an i nc reased  demand € o r  meat. L ibyans  have a pronounced p r e f e r -  
ence f o r  l o c a l  lamb as opposed t o  impor ted  spec ies .  The combina t ion  has d r a m a t i c a l l y  
i nc reased  t h e  v a l u e  o€ Cyrena ican sheep and t h e  p r o f i t  t o  be made f r o m  them. Cur ious-  
ly, a t  a t ime  when sheep a r e  most va luab le ,  E g y p t i a n  shepherds a r e  employed t o  c a r e  
f o r  them because t h e  invo lvement  o f  l o c a l  males i n  o t h e r  a c t i v i t i e s  i s  more p r o f i t -  
a b l e  o r  s a t i s f y i n g .  The maps f o r  1967 and 1970 i l l u s t r a t e  t h e  reduced s c a l e  of  
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p a s t o r a l  movements, a l t hough  t h e y  say n o t h i n g  about t h e  s p a t i a l  s c a l e  o f  f a m i l y  a c t i v -  
i t i e s .  S i m i l a r l y  t h e  maps suggest t h e  v a r i a b l e  response t o  p a s t o r a l  resources  s t i l l  
p r e s e n t  i n  t h e  p a s t o r a l i s m  o f  e a s t e r n  L i b y a .  In  1967 t h e  sheep spent t h e  e n t i r e  year  
nea r  Mar tuba on t h e  edge o f  t h e  fo rmer  s p r i n g  camel-grazing x e a s  o f  al-Fatayah, w h i l e  
i n  1970 t h e  sheep responded t o  u n u s u a l l y  f a v o r a b l e  e a r l y  w i n t e r  r a i n s  i n  t h e  i n t e r i o r  
b y  s h i f t i n g  i n  a southward d i r e c t i o n .  B o t h  p a t t e r n s  r e f l e c t  a d a p t a t i o n  i n  t h e  t r a d i -  
t i o n a l  regime and a r e  made e a s i e r  by t h e  use o f  h i r e d  shepherds and modern t r a n s p o r t -  
a t i o n .  F o r  i t  i s  t h e  Land Rover and t h e  t r u c k  t h a t  makes i t  p o s s i b l e  t o  e x p l o i t  areas 
n o r m a l l y  o u t s i d e  t h e  range o f  sheep, s i n c e  r a p i d  movement elsewhere i s  now p o s s i b l e  
shou ld  h e r d i n g  c o n d i t i o n s  suddenly degenerate. 

ALTERNATIVE SCENARIOS FOR THE FUTURE 

P a s t o r a l  nomadism has d e c l i n e d  i n  r e c e n t  years  because o t h e r  ways o f  making a 
l i v i n g  a r e  r e p l a c i n g  i t  as a v a l u e d  way o f  l i f e .  The a t t r a c t i o n s  o f  u r b a n  l i f e  and 
employment o f  a n o n - a g r i c u l t u r a l  n a t u r e  a re  a t t r a c t i v e  t o  nomads, and they  a re  caught 
up i n  a l a r g e r  t r e n d  t h a t  s t i m u l a t e s  movement f rom r u r a l  t o  u rban  and/or i n d u s t r i a l  
areas. I n  t h i s  nomads have been encouraged by g o v e r m e n t a l  p ressu re  and ent icements;  
t o  t h e  a u t h o r i t i e s  nomads would be b o t h  more p r o d u c t i v e  when s e t t l e d  and more capable 
i n  s h a r i n g  i n  t h e  s o c i a l  b e n e f i t s  p r o v i d e d  b y  a deve lop ing  economy. That  such a course 
of a c t i o n  a l s o  means a r e d u c t i o n  i n  t h e  n a t i o n ' s  e x p l o i t a b l e  resource  base i s  e i t h e r  
n o t  cons idered o r  i s  d ismissed as i r r e l e v a n t .  

The demise o f  p a s t o r a l  nomadism i s  n o t  a b u r n i n g  i s s u e  i n  a g l o b a l  con tex t ,  f o r  
r e l a t i v e l y  few i n d i v i d u a l c a r e  i n v o l v e d .  Bu t  f o r  env i ronmen ta l l y  c o n s t r a i n e d  economies, 
t h e  l o s s  of a s e c t o r  t h a t  c o u l d  p o t e n t i a l l y  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  develop- 
ment p rocess  i s  o f  some concern. I n  t h e  l i g h t  o f  t h e  p resen t  Sahe l i an  drought,  s e v e r a l  
p o t e n t i a l  p o l i c y  a l t e r n a t i v e s  m i g h t  be considered. 

One p o t e n t i a l  approach would be  t o  a l l o w  t h e  nomadic community t o  go i t s  own 
way w i t h o u t  governmental  ass i s tance  i n  t h e  recove ry  p rocess .  The ma jo r  disadvantage 
of a n o n i n t e r v e n t i o n i s t  approach would be  t h e  h i g h  s o c i a l  c o s t s  o f  such a program. 
Cons iderab le  numbers o f  d e s t i t u t e  nomads would congregate around urban cen te rs  where 
employment o p p o r t u n i t i e s  would be l i m i t e d  a t  b e s t .  Even worse, a ma jor  component o f  
t h e  resource  base o f  env i ronmen ta l l y  cons t ra ined  c o u n t r i e s  would go o u t  o f  p r o d u c t i o n  
and a l a r g e  f u n d  o f  env i ronmen ta l  knowledge and an imal  husbandry e x p e r t i s e  would be  
l o s t .  That  t h i s  nomadic d a t a  base i s  cons iderab le ,  p e r c e p t i v e ,  and r a t i o n a l  i s  
suggested b y  t h e  L i b y a n  example desc r ibed  above. One does n o t  have t o  adopt i n  a l l  
aspects t h e  p e r s p e c t i v e  o f  t he  nomadic groups t o  recogn ize  t h i s  as a l o s s  of ma jo r  
importance. 

The obverse o f  a p o l i c y  of ben ign  n e g l e c t  would be an a c t i v e  governmental  p r o -  
gram s t r e s s i n g  c e d e n t a r i z a t i o n .  T h i s  o p t i o n  has been i n  f a v o r  w i t h  governmental  
p lanners  i n  much o f  t h e  T h i r d  World. A l though  i n  p a r t  t h i s  p o l i c y  o p t i o n  may r e f l e c t  
a deepseated u rban  and a g r i c u l t u r a l  p r e j u d i c e  a g a i n s t  nomadism, i n  i t s  b e s t  l i g h t  
government-sponsored s e d e n t a r i z a t i o n  rep resen ts  an a t tempt  t o  c u t  l osses  b y  wi thdraw- 
i n g  f r o m  r i s k - p r o n e  environments.  Thus, w h i l e  an a c t i v e  p u r s u i t  o f  t he  s e d e n t a r i z a t i o n  
o p t i o n  reduces f u t u r e  l osses  due t o  d rought ,  i t  s u f f e r s  f rom t h e  same d i f f i c u l t i e s  
as does a p o l i c y  o f  ben ign  n e g l e c t .  S e d e n t a r i z a t i o n  has t h e  o v e r r i d i n g  c o r o l l a r y  of 
resource  base r e d u c t i o n .  One a b s o l u t e l y  e s s e n t i a l  i n g r e d i e n t  i n  any f u t u r e  p o l i c y  
based on t h e  c o n s t r u c t i v e  reuse o f  t h e  p a s t o r a l  nomadic a d a p t a t i o n  must be a compre- 
hens ive  n a t i o n a l  l a n d  use p o l i c y .  T h i s  n a t i o n a l  l a n d  use p o l i c y  shou ld  opera te  a t  t h e  
s t r a t e g y  l e v e l ,  d e f i n i n g  goa ls  and o p t i o n s  b u t  p r o v i d i n g  room f o r  cons ide rab le  f l e x i -  
b i l i t y  a t  t h e  l o c a l  l e v e l .  D e t a i l e d  resource-use p l a n s  shou ld  i d e a l l y  be assigned 
t o  l o c a l  o r  r e g i o n a l  s e t t i n g s  where i n t i m a t e  f a m i l i a r i t y  w i t h  immediate env i ronmenta l  
p o t e n t i a l  i .s g r e a t e s t .  A t  t h i s  l e v e l  zones t h a t  a re  c r u c i a l  t o  t h e  s u r v i v a l  o f  a 
v i a b l e  p a s t o r a l  nomadism can be p ro tec ted ,  o t h e r  developmental  op t i ons ,  where a v a i l -  
ab le ,  can be eva lua ted ,  and t h e  dangers o f  ove rs tock ing  and range land d e t e r i o r a t i o n  
can be  avoided. A t  t h e  same t ime  research  e f f o r t s  focused upon t h e  i d e n t i f i c a t i o n  of 
t h e  e thnosc ience o f  l o c a l  d e c i s i o n m a k e r s ,  t h e i r  r e a c t i o n  t o  s t r e s s f u l  c o n d i t i o n s ,  
and t h e i r  adap t i ve  response t o  s e l e c t e d  change processes would g r e a t l y  enhance develop- 
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m e n t a l  p l a n n i n g  i n  t h e  S a h e l i a n  zone. In t h i s  way t h e  l o c a l  e n v i r o n m e n t a l  knowledge 
and a n i m a l  husbandry  e x p e r t i s e  o f  t h e  p a s t o r a l  nomadic a d a p t a t i o n  can b e  p r e s e r v e d  
a t  t h e  same t i m e  s i g n i f i c a n t  c o n t r i b u t i o n s  t o  n a t i o n a l  development g o a l s  a r e  made. 
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IMPROVEMENT OF PASTURE AND L IVESTOCK E X P L O I T A T I O N  
I N  THE SAHEL : PROPOSALS FOR MANAGEMENT AND LAND USE' 

by G. BOUDET 

The d e p l e t i o n  o f  t h e  he rds  o f  d r o u g h t - a f f e c t e d  l i v e s t o c k  w i l l  be h a l t e d  o n l y  
s l o w l y .  I t  i s  i m p o r t a n t  t h a t  t h e  r e o r g a n i z a t i o n  o f  s t o c k r a i s i n g  a c t i v i t i e s  i n  t h e  
Sahel  shou ld  c o n s t i t u t e  an i n t e g r a l  p a r t  o f  a i d  p r o g r a m e s  d i r e c t e d  t o  t h e  pas to ra -  
l i s t s ,  as w e l l  as programmes aimed a t  r e s t o c k i n g  t h e  p a s t u r e  areas. 

The necessary investments should be accompanied b y  a programme o f  e x t e n s i o n  
and t r a i n i n g  o f  t h e  p a s t o r a l i s t s .  T h i s  i s  r e q u i r e d  t o  achieve a ba lance  between 
e x p l o i t a t i o n  and t h e  c a r r y i n g  c a p a c i t y  o f  t h e  pas tu res ,  as w e l l  as f o r  t h e  p rese r -  
v a t i o n  - i f  n o t  improvement - o f  t h e  p o t e n t i a l  p r o d u c t i v i t y  o f  t h e  g r a z i n g  areas. 

RATIONAL LAND DEVELOPMENT 

Any development p r o j e c t  shou ld  be i n t e g r a t e d  w i t h i n  a r e g i o n a l  framework, i n  
o r d e r  t h a t  due account be taken  o f  t h e  e f f e c t s  o f  t h e  p r o j e c t  on a d j a c e n t  a c t i v i t i e s  
and i n  o r d e r  t o  m a i n t a i n  a d e s i r a b l e  ba lance  between v a r i o u s  l a n d  use p o s s i b i l i t i e s .  
F o r  example, a r i c e - g r o w i n g  development p r o j e c t  i n  "bourgou" areas c o u l d  have harm- 
f u l  e f f e c t s  on t h e  development and s u s t a i n e d  v i a b i l i t y  o f  l i v e s t o c k  b r e e d i n g  i n  a 
p a r t i c u l a r  r e g i o n .  Again,  a p r o j e c t  concerned w i t h  i n t e n s i f i c a t i o n  o f  r i v e r  f i s h e r i e s  
should be accompanied by t h e  p r o d u c t i o n  o f  wood f o r  use i n  f ish-smoking.  

I n  each d i s c r e t e  zone e x p l o i t e d  b y  a p a r t i c u l a r  group o f  p a s t o r a l i s t s ,  any 
l i v e s t o c k  o r  range inprovement scheme shou ld  i n c l u d e  t h e  f o l l o w i n g  measures : 

- i n v e n t o r y  o f  f o rage  resources,  i n c l u d i n g  mapping o f  t h e  v a r i o u s  p a s t u r e  areas; 
- i n v e n t o r y  o f  s u r f a c e  and underground wa te r  resources ;  
- d e t a i l e d  i n v e n t o r y  o f  l i v e s t o c k  numbers, i n c l u d i n g  compos i t i on  o f  herds,  i n  o r d e r  
t o  e v a l u a t e  t h e  l e v e l  o f  l i v e s t o c k  p r o d u c t i o n ;  
- census o f  t h e  human p o p u l a t i o n s  wh ich  h a b i t u a l l y  s t a y  in  t h e  zone under  s tudy,  
w i t h  e s t i m a t i o n  o f  t h e i r  needs as rega rds  t e c h n i c a l ,  m e d i c a l  and c u l t u r a l  e x t e n s i o n  
programmes. 

When a p a r t i c u l a r  a rea  i n  t h e  Sahel  l ends  i t s e l f  t o  fo rage  p r o d u c t i o n  and 
c a t t l e  wa te r ing ,  l a n d  use s t r a t e g y  shou ld  be o r i e n t e d  towards t h e  l i m i t a t i o n  o f  
transhumance. 

AN EXAMPLE OF LAND PLANNING AND MANAGEMENT 

For  i l l u s t r a t i v e  purposes, l e t  us t a k e  t h e  example o f  an area w i t h  an average 
above-ground p o t e n t i a l  p r o d u c t i o n  ( d r y  we igh t )  o f  1 O 0 0  kg /ha  and an a c t i v e  growth 
p e r i o d  o f  two and a h a l f  months. S t o c k i n g  r a t e s  f o r  wet  and d r y  seasons o f  such 
an area a re  e s t i m a t e d  as f o l l o w s  : 

F o r  b i b l i o g r a p h i c  re fe rences ,  see p.  38-40. 
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' O o  loo 2 265 kg /ha  E s t i m a t e d  l i v e - w e i g h t  s t o c k i n g  r a t e  i n  r a i n y  
season ( 7 5  days) : 2.5 x 2 x 75 

' O o  loo I 7 0  kg /ha  Es t ima ted  l i v e - w e i g h t  s t o c k i n g  r a t e  in  d r y  
season ( 2 9 0  days) : 2.5 x 2 x 290  

I n  o r d e r  t o  b u f f e r  t h e  e f f e c t s  o f  c l i m a t i c  v a r i a t i o n s ,  supplementary pas tu res  
e q u i v a l e n t  t o  a f i f t h  o f  t h e  t o t a l  a rea  should be foreseen, t o  be k e p t  i n  r e s e r v e  
d u r i n g  h i g h  r a i n f a l l  yea rs  ( a f t e r  one month f o r  r a i n y  season pas tu res  i f  t h e  r a i n -  
f a l l  d u r i n g  t h e  month i s  30% above t h e  month ly  average, and a t  t h e  b e g i n n i n g  o f  t h e  
d r y  season f o r  d r y  season p a s t u r e s  i f  t h e  annual  r a i n f a l l  i s  30% above t h e  average).  
I n  subsequent years,  t h e  p a s t u r e  areas p r e v i o u s l y  k e p t  i n  r e s e r v e  would be sys temat i -  
c a l l y  grazed, and so on. 

In  c a l c u l a t i n g  s t o c k i n g  r a t e s ,  use i s  o f t e n  made o f  t h e  te rm " l i v e s t o c k  s tandard  
unit" (LSU). T h i s  i s  t aken  as 2 5 0  kg l i v e - w e i g h t ,  and i s  synonymous w i t h  t h e  F rench  
te rm " u n i t é  b é t a i l  t r o p i c a l "  (UBT) . 

The c o n v e n t i o n a l  e q u i v a l e n t s  f o r  t h i s  unit are as f o l l o w s  : one head o f  c a t t l e  
= 0 . 7 3  LSU; 1 sheep = 1 goat  = 0.12 LSU; 1 horse  = 1 camel = 1 LSU. 

Given these e q u i v a l e n t s ,  t h e  p a s t u r e  s t o c k i n g  r a t e s  a re  c a l c u l a t e d  as f o l l o w s  : 

4 1  - r a i n y  season s t o c k i n g  r a t e  = 265 x - x - 
5 2 5 0  

= 0 . 8 5  LSU/ha o r  1 . 2  ha/LSU; 

4 1  
5 2 5 0  

- d r y  season s t o c k i n g  r a t e  = 70 x - x - = 0 . 2 2  LSU/ha o r  4.5 ha/LSU. 

The pas tu res  e x p l o i t e d  around a dry-season w a t e r i n g  h o l e  can extend t o  a r a d i u s  
o f  10 kn, t h a t  i s  t o  say an a rea  o f  some 3 1  416 ha. Such a s u r f a c e  a rea  c o u l d  c a r r y  
an e s t i m a t e d  l o a d  o f  6 9 8 0  LSU, o r  i n  round f i g u r e s  7 O00 LSU. 

T h i s  l o a d  i s  e q u i v a l e n t  t o  t h e  l i v e s t o c k  o f  70 f a m i l i e s ,  and a permanent v i l l a g e  
o f  some 3 5 0  i n h a b i t a n t s  c o u l d  be i n s t a l l e d  about 500  m f rom t h e  source o f  water .  

The es t ima ted  t o t a l  wa te r  needs o f  t h e  i n h a b i t a n t s  ( a t  15 l l i n h a b i t a n t )  a r e  
5 . 5  m /day. The t o  a l  w a t e r i n g  needs f o r  l i v e s t o c k  i n  t h e  d r y  season ( 3 0  1/LSU) a r e  
e s t i m  t e d  a t  210  m /day. Thus, t o t a l  d r y  season needs f o r  wa te r  a r e  app rox ima te l y  
216 m /day. In  o r d e r  t o  s a t i s f y  these requirements,  a wa te r  e x t r a c t i o n  regime such 
as t h e  f o l l o w i n g  would be r e q u i r e d  : 

f 
3 

- w i t h  an o u t p u t  o f  10 1 / s ,  an e x t r a c t i o n  t ime o f  6 hours lday ;  
- w i t h  an o u t p u t  o f  5 1 / s ,  an e x t r a c t i o n  t ime o f  1 2  hours lday ;  
- w i t h  an o u t p u t  o f  1 . 5  1/s ,  an e x t r a c t i o n  t ime o f  40  hours/day.  

In  t h e  case o f  t h e  l a s t  r a t e  o f  d ischarge,  some 4-5 w e l l s  would be r e q u i r e d  
near  t h e  c e n t r e  o f  t he  p a s t u r e  area. Improved wa te r  e x t r a c t i o n  techniques u s i n g  
an ima l  t r a c t i o n  (Molenaar, 1 9 5 6 )  c o u l d  be p o p u l a r i z e d  f o r  t he  work ing  o f  low-output  
w e l l s .  

Use and management of wet season pastures 

The pas tu res  e x p l o i t e d  d u r i n g  t h e  r a i n y  season m i g h t  be s i t e d  around t h e  p e r i -  
phe ry  o f  t h e  d r y  season p a s t u r e s  and c o u l d  be served by 10 s m a l l  a r t i f i c i a l  ponds. 

Each s m a l l  pond ( o r  " impluvium") would p e r m i t  700 LSU t o  be c a r r i e d  i n  a p a s t u r e  
a r e a  o f  8 4 0  ha, i . e . ,  a c i r c l e  w i t h  a r a d i u s  o f  1 635 m. 

Each excavated pond shou ld  conserve water  d u r i n g  t h e  p e r i o d  between two down- 
pours,  and should r e t a i n  s u f f i c i e n t  wa te r  f o r  about 15  days '  consumption. T h i s  
r e q u i r e s  a c a p a c i t y  o f  315 O00  1 ( 3 0  x 7 0 0  x 1 5 ) ,  r e p r e s e n t i n g  a pond - in  imper- 
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Suggested scheme of land use in the Sahel 

O Impluvium (or guzzlers] 

-0. Permanent weii 

D Sedentary settlement 

A Camp at the beginning of the dry season 

Camp at the end of the dry season 

Livestock trail 
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meable m a t e r i a l  - measur ing 1.50 m in  average depth,  2 1  m i n  l e n g t h  and 10 m in  
b read th .  I t  has been c la imed  t h a t  ponds excavated i n  u n i f o r m  sandy s u b s t r a t e s  have 
a g r e a t e r  wa te r  r e t e n t i o n  c a p a c i t y  than  those i n  heterogeneous, sandy-clay s u b s t r a t e s  
(Boudet, C o r t i n  and Macher, 1971). Excava t ions  i n  s tony  f e r r u g i n o u s  s u b s t r a t e s  a re  
i n v a r i a b l y  w a t e r t i g h t .  A s m a l l  e a r t h e n  dam b u i l t  a t  low c o s t  across a temporary 
d i scha rge  channel  can a l s o  r e t a i n  a u s e f u l  s t o r e  o f  wa te r .  

S p e c i a l  a t t e n t i o n  shou ld  be accorded t o  problems r e l a t e d  t o  t h e  use o f  s u r f a c e  
wa te rs  f o r  l i v e s t o c k  wa te r ing .  A t  p resen t ,  t h e  l i v e s t o c k  e n t e r  d i r e c t l y  i n t o  t h e  
water,  wh ich  becomes contaminated by d e j e c t a .  T ramp l ing  around t h e  edges o f  t h e  
w a t e r i n g  h o l e s  has tens  t h e  processes o f  s u r f a c e  and g u l l y  e r o s i o n  and s i l t i n g  o f  t h e  
wa te r  body. 

Contaminat ion o f  t he  wa te r  l eads  t o  p a r a s i t i c  i n f e s t a t i o n  o f  young c a t t l e  as 
w e l l  as human p o p u l a t i o n s .  G r e t i l l a t  (1963) n o t e d  t h a t  endemic b i l h a r z i o s i s  a t  Tagent 
(Maur i t an ia )  c o u l d  be spread b y  ruminants  which served as t h e  r e s e r v o i r  f o r  t h e  
d isease (Schistosoma curassoni b e i n g  common t o  man and animals) .  I n  1961, G r e t i l l a t  
c a r r i e d  o u t  a b i l h a r z i o s i s  c o n t r o l  programme, wh ich  e n t a i l e d  t h e  a p p l i c a t i o n  o f  
I 'zirame" t o  r e s e r v o i r s  and o t h e r  wa te r  impoundments. A p p l i c a t i o n s  o f  "zirame" k i l l  
s n a i l  p o p u l a t i o n s  a t  a c o n c e n t r a t i o n  o f  1.0-1.5 ppm. A c o n c e n t r a t i o n  o f  2 ppm 
k i l l s  young f i s h  and 5 ppm k i l l s  f i s h  and tadpo les .  Hence, b e f o r e  sp read ing  "zirame" 
a t  t h e  edges o f  poo ls ,  i t  i s  a d v i s a b l e  t o  e s t i m a t e  p r e c i s e l y  t h e  volume o f  wa te r  
h e l d  in  impoundments i n  o r d e r  t o  a v o i d  exceeding a c o n c e n t r a t i o n  o f  1.5 ppm. 

Improvement of water ing from surface waters 

We have seen t h a t  i t  i s  e s s e n t i a l  t o  encourage t h e  adop t ion  o f  non-contaminat ing 
procedures f o r  t h e  e x p l o i t a t i o n  o f  s u r f a c e  wa te rs .  

An i n t e r e s t i n g  example i s  p r o v i d e d  b y  t h e  Borana o f  southern E t h i o p i a .  The 
Borana have a g r e a t  r e s p e c t  f o r  t h e i r  w a t e r i n g  p laces,  and i t  i s  f o r b i d d e n  f o r  
an imals  t o  e n t e r  t h e  s u r f a c e  wa te rs .  In  f a c t ,  a beast  which i s  a l l owed  by i t s  owner 
t o  b reak  t h i s  r u l e  i s  s l a u g h t e r e d  and ea ten  b y  t h e  p a s t o r a l i s t s ,  who ga the r  
e s p e c i a l l y  f o r  t h e  occasion. The p a s t o r a l i s t s  c o n s t r u c t  s m a l l  e a r t h e n  d i k e s  around 
t h e  w a t e r i n g  h o l e s ,  and t h e  l i v e s t o c k  a re  n o t  a l l owed  t o  c ross  these obs tac les .  
Branches a r e  p l a n t e d  around t h e  wa te r  t o  p r e v e n t  t h e  f r e e  access o f  l i v e s t o c k ,  and 
t h e y  a re  l e d  down i n  s m a l l  groups t o  s l a k e  t h e i r  t h i r s t .  A f t e r  w a t e r i n g ,  excrement 
i s  removed b y  t h e  p a s t o r a l i s t ,  who thus ensures t h a t  no con tamina t ion  can occur  i f  
t h e  wa te r  l e v e l  r i s e s .  The arrangements a re  changed i n  response t o  changes i n  t h e  
wa te r  l e v e l .  

Use and management of dry season pastures 

D u r i n g  t h e  d r y  season, each b a s i c  h e r d  o f  700 head should be d r i v e n  w i t h i n  t h e  
p e r i m e t e r  o f  t h e  d r y  season zone, b u t  should n o r m a l l y  he k e p t  near  t h e  edges o f  
t h e  zone, t h e  ca l ves  rema in ing  near  t h i s  camp. The herds should be taken  t o  d r i n k  
each day a t  t h e  c e n t r a l  w e l l s , f o l l o w i n g  f i x e d  t r a i l s  which soon become e f f e c t i v e  
f i r e - b r e a k s .  These t r a i l s ,  t o g e t h e r  w i t h  t h e  r a i n y  season pas tu res ,  would t h u s  fo rm 
a network o f  n a t u r a l l y  ma in ta ined  f i r e - b r e a k S . I n  March-Apr i l ,  t h e  camp should be 
moved t o  a d i s t a n c e  o f  about 5 k m  f rom t h e  c e n t r a l  w e l l s  i n  o r d e r  t o  reduce t h e  
movements o f  t h e  he rds  d u r i n g  t h e  h o t  season. 

U n f o r t u n a t e l y ,  t h e  o p p o s i t e  procedure i s  g e n e r a l l y  f o l l o w e d  a t  t h e  p r e s e n t  t ime.  
O f ten ,  t h e  exhausted c a t t l e  do n o t  r e t u r n  t o  the  g r a z i n g  areas, which a r e  too  f a r  
f r o m  t h e  w e l l s  a t  t h e  end o f  t h e  d r y  season. They l i e  down i n  t h e  shade o f  t r e e s  
near  t h e  w e l l s  and w a i t  f o r  t h e  n e x t  w a t e r i n g  t ime.  

Other p rac t ices  Zeading t o  more ra t iona2 land management 

A t  f i r s t ,  t h e  improvement i n  pas tu res  c o u l d  be c o n f i n e d  t o  r o t a t i o n  and 
enc losu re  d u r i n g  a y e a r  w i t h  abnormal ly  h i g h  r a i n f a l l  ( i .e . ,  t h e  abandonment o f  an 
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impluv ium i n  August and subsequent ly  o f  t h e  co r respond ing  t r a c t  o f  d r y  season 
pas turage)  . 

A s u i t a b l e  a rea  (e.g. i n t e r d u n a l  c o r r i d o r ,  sandy-loam depress ion)  shou ld  be 
s e t  as ide  near  t h e  v i l l a g e  f o r  t h e  c u l t i v a t i o n  o f  fodder  crops. T h i s  a rea  m igh t  be 
served by an o c c a s i o n a l  i r r i g a t i o n  system i f  mechanica l  e x t r a c t i o n  i s  p r a c t i s e d .  
The s t a l k s  o f  m i l l e t  would be consumed by t h e  c a t t l e  during t h e  d r y  season. Acacia 
a lb ida  t r e e s  would be p l a n t e d  on t h e  c u l t i v a t e d  lands,  t h e i r  f r u i t s  b e i n g  a f t e r w a r d s  
i n g e s t e d  by t h e  l i v e s t o c k .  

Leguminous f o r a g e  crops c o u l d  b e  envisaged l a t e r  on, w i t h i n  t h e  d r y  season 
p a s t u r e  zone, and hence f a v o u r a b l e  s i t e s  (e.g. sandy-loam depress ions)  would be used 
f o r  "on-the-hoof" g r a z i n g  d u r i n g  t h e  d r y  season (Dol ichos lablab, Centrosema pubes- 
cens, Stylosanthes hurrrìlis, e t c . ) .  

A supp ly  o f  f i r e w o o d  f o r  t h e  v i l l a g e  c o u l d  be ensured b y  e n c l o s i n g  areas t h a t  
had been invaded b y  young shrubs. 

Every year ,  s u r p l u s  animals  shou ld  be taken  f rom t h e  l a n d  and d i sposed  o f  e i t h e r  
by s a l e  o r  b y  sending them t o  f a t t e n i n g  cen t res  ( co -opera t i ves  o r  o the rw ise ) ,  i n  t h e  
Sahel  o r  t h e  Sudan zone. 

These t r a n s a c t i o n s  should b r i n g  some c o m e r c i a l  l i f e  t o  t h e  v i l l a g e  (e.g., a 
co -opera t i ve  s t o r e  s e l l i n g  e s s e n t i a l  p r o v i s i o n s ,  such as c e r e a l s ,  f l o u r ,  sugar,  t e a ,  
c l o t h ,  e t c . ) .  

The management and development o f  a g i v e n  l a n d  a rea  presupposes a commitment 
by t h e  p a s t o r a l i s t s  concerned t o  f o l l o w  t h e  i n s t r u c t i o n s  o f  t he  e x t e n s i o n  workers 
(hence, a t e c h n i c a l  e x p e r t  o r  e x t e n s i o n  worker  i n  range land  management and organiza-  
t i o n  i s  needed i n  each development unit) and a l s o  t o  remove s u r p l u s  l i v e s t o c k  f rom 
t h e  rangeland. 

Regional land use planning 

I f  t h e  p o s s i b i l i t i e s  o f  impluv ium management p rove  t o  b e  i n s u f f i c i e n t , a  h e r d  
f o r  l ong -d i s tance  transhumance (compr i s ing  b u l l o c k s ,  d r y  cows, e t c . )  should be 
m a r s h a l l e d  a t  t h e  b e g i n n i n g  o f  t h e  r a i n y  season. I t  shou ld  be d r i v e n  t o  d i s t a n t  
transhumant p a s t u r e s  and grazed in  accordance w i t h  t h e  r e g i o n a l  l a n d  use p l a n .  

In r e s p e c t  t o  t h e  r e g i o n a l  p l a n ,  and f o l l o w i n g  t h e  example o f  n a t i o n a l  codes 
o f  f o r e s t r y  p r a c t i c e  (Robinet,  1 9 7 4 ) ,  a c t i o n  m i g h t  u s e f u l l y  be focused on two ma jo r  
aspects.  

- The f i r s t  o f  these concerns t h e  problems o f  l a n d  tenu re  in  t h e  Sahel .  Land tenu re  
p o l i c i e s  shou ld  be based on socio-economic and e t h n o l o g i c a l  s t u d i e s .  The a im shou ld  
be t o  e f f e c t  t h e  most e q u i t a b l e  d i s t r i b u t i o n  o f  p a s t u r e  areas t o  d i f f e r e n t  groups 
o f  p a s t o r a l i s t s .  P o l i c i e s  shou ld  n o t  be based on t h e  a t t r i b u t i o n  o f  p r o p r i e t a r y  
r i g h t s  t o  v a r i o u s  t r a c t s  o f  l and .  Rather ,  c o n t r a c t u a l  arrangements shou ld  be 
envisaged by wh ich  t h e  r e c i p i e n t  i s  a l l o w e d  use f o r  l i f e ,  s u b j e c t  t o  p r o p e r  manage- 
ment - a c c o r d i n g  t o  t h e  i n s t r u c t i o n s  o f  t h e  e x t e n s i o n  workers - o f  t h e  l a n d  a l l o c a t e d  
t o  h i m .  Land tenu re  r e g u l a t i o n s  may run coun te r  t o  t h e  t r a d i t i o n a l  freedom o f  t rans -  
humant movement w i t h i n  a g i v e n  c o u n t r y  as w e l l  as between n e i g h b o u r i n g  S ta tes .  
However, c e r t a i n  areas which a r e  h a b i t u a l l y  used by f o r e i g n  transhumant p a s t o r a l i s t s  
c o u l d  be rese rved  f o r  t h e i r  needs w i t h i n  a n a t i o n a l  l a n d  use p l a n ,  f o l l o w i n g  agree- 
ment between t h e  r e s p o n s i b l e  n a t i o n a l  a u t h o r i t i e s .  

- The second aspect  r e l a t e s  t o  t h e  e l a b o r a t i o n  o f  a " p a s t o r a l  code" f o r  t h e  Sahe l i an  
r e g i o n .  Such a "codell - s u b j e c t  t o  p e r i o d i c  r e - e v a l u a t i o n  - would r e g u l a t e  t h e  
e x p l o i t a t i o n  o f  pastures,  t h e  improvement o f  p a s t o r a l  areas, f i r e - c o n t r o l  measures, 
e t c .  
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A s e c t i o n  o f  t h i s  e c o l o g i c a l  management p l a n  would be devoted t o  goat  r a i s i n g .  
The goa t  r e p r e s e n t s  some o f  t h e  b e s t  and w o r s t  aspects o f  t h e  r e l a t i o n s  between 
l i v e s t o c k  and p a s t u r e  areas. I t  can b e  j u s t l y  cons ide red  as " t h e  cow o f  t h e  poor", 
and i s  c e r t a i n l y  one o f  t h e  ruminan ts  b e s t  a b l e  t o  t r a n s f o r m  t h e  p r o d u c t i o n  o f  
scan ty  p a s t u r e  areas i n t o  m i l k  and meat. However, goat  he rde rs  have t h e  d i s t r e s s i n g  
h a b i t  o f  s t r i p p i n g  t h e  woody v e g e t a t i o n  much more than i s  necessary,  and t h e  t r a d i -  
t i o n a l  "umbre l la"  s t r i p p i n g  o f t e n  k i l l s  t h e  t rees .  I n s t e a d  o f  f o r b i d d i n g  t h e  he rde rs  
t o  c u t  branches f rom t h e  t r e e s  - wh ich  would i n  any case be v e r y  d i f f i c u l t  t o  
e n f o r c e  - i t  would be more u s e f u l  t o  c o n t r o l  such f e e d i n g  and, as Boudet (1972) 
recommended f o r  a l i v e s t o c k  development p r o j e c t  i n  t h e  M o p t i  r e g i o n  o f  M a l i ,  " t o  
teach t h e  goat  he rde rs  t o  s t r i p  t r e e s  i n  a prudent  way". The p run ing ,  each year ,  o f  
a q u a r t e r  o f  t h e  canopy does n o t  exhaust a t ree ,  p a r t i c u l a r l y  i f  a "hal fway" c u t  i s  
made i n  t h e  l ower  p a r t  o f  t h e  branch, f o l l o w e d  by a c l e a n  break, and t h e  severed 
b ranch  i s  p l a c e d  o u t s i d e  t h e  shade o f  t h e  pruned t ree .  T h i s  procedure r e q u i r e s  t h a t  
s u i t a b l e  p r u n i n g  i n s t r u m e n t s  b e  developed. 

C e r t a i n  s e c t o r s  o f  t he  Sahe l i an  zone t h a t  a r e  n o t  h a b i t u a l l y  f requen ted  b y  
p a s t o r a l i s t s  c o u l d  - a f t e r  t h e  p r o v i s i o n  o f  w a t e r i n g  h o l e s  - be rese rved  f o r  t he  
development o f  l i v e s t o c k  f a t t e n i n g  ranches, run e i t h e r  as co-operat ives o r  S t a t e  
e n t e r p r i s e s .  Surp lus animals f rom t h e  p a s t o r a l  g r a z i n g  areas would be r a i s e d  on such 
ranches f rom 18 months t o  5 yea rs .  The l a n d  use p r a c t i c e s  f o l l o w e d  on such ranches 
would be s i m i l a r  t o  those employed i n  t h e  managed areas. 

The c u l t i v a t i o n  o f  f o rage  and fodder  crops c o u l d  be o rgan ized  a t  t h e  r e g i o n a l  
l e v e l .  Thus, as proposed b y  Boudet (1972) ,  t he  i r r i g a t i o n  o f  "bourgou" areas 
s u p p l y i n g  fo rage  t o  co -opera t i ve  groups o f  t r a d i t i o n a l  m i l k -p roducers  c o u l d  be 
env isaged i n  t h e  env i rons  o f  towns. I n  t h i s  way, t h e  p r o d u c t i o n  o f  t h e  "bou rgou t iè re "  
c o u l d  b e  improved f r o m  1 7  t o n c l h a  t o  35 tons lha,  expressed as e d i b l e  d r y  we igh t .  
Fodder f o r  t h e  m i l k -p roduc ing  cows c o u l d  be s o l d  t o  m i l k - p r o d u c e r s - a t  p r i c e s  s i m i l a r  
t o  those they  pay f o r  a nuuber o f  o t h e r  l i v e s t o c k  f e e d s t u f f s  (e.g. bundles o f  "bour- 
gou" bought  f r o m  canoes, r i c e  f l o u r ,  m i l l e t  bran, bundles o f  groundnut tops,  etc. ,  
wh ich  a r e  bought  f rom n e i g h b o u r i n g  fa rmers ) .  The improvement i n  t h e  a v a i l a b i l i t y  o f  
f odder  resources  should precede t h e  s e t t i n g - u p  o f  an i n d u s t r i a l  d a i r y ,  t h e  need f o r  
wh ich  would become apparent  as soon as t h e  p r o d u c t i o n  o f  d a i r y  produce had exceeded 
the  needs o f  t h e  nearby town. In  p r a c t i c e ,  however, i t  f r e q u e n t l y  happens t h a t  t h e  
commercial  d a i r y  i s  e s t a b l i s h e d  f i r s t .  Subsequently,, a t  a t ime  o f  l o c a l  m i l k  
shortage, t h e  d a i r y  i s  o b l i g e d  t o  i m p o r t  powdered m i l k  i n  o r d e r  t o  remain open. 

Wh i le  t h e  ''bourgou'' (EchinochZoa stagnina)  i s  w e l l  s u i t e d  t o  s i l t y  s o i l s ,  Para 
grass (B rach ia r i a  mut ica) can be i n t r o d u c e d  in  sandy areas. Legumes such as Phaseozus 
Zathyroides c o u l d  be c u l t i v a t e d  under  i r r i g a t i o n  near  t o  a ma jo r  r i v e r ,  on non-inun- 
da ted  areas.  The n i t r o g e n - r i c h  m a t e r i a l  ( 1 7 %  t o t a l  n i t r o g e n )  t h a t  i s  produced c o u l d  
be dehydrated i n  a f a c t o r y  and s t o r e d  i n  t h e  fo rm o f  p e l l e t s .  T h i s  d r i e d  fodder  c o u l d  
be produced w i t h i n  t he  framework o f  a r e g i o n a l  development p r o g r a m e  and c o u l d  be 
mixed w i t h  low-grade c o t t o n  seeds (the p r o d u c t i o n  o f  which i s  n o t  s u f f i c i e n t  t o  supply  
t h e  needs i n  t h e  Sahel ) ,  f o r  use as " l i f e - s a v i n g  r a t i o n s "  d u r i n g  d rough t  p e r i o d s  o r  
as n i t r o g e n  supplements d u r i n g  May and June. 

Transhumance outs ide the area : movement towards the Sudm zone 

From October onwards, many transhumant p a s t o r a l i s t s  t r a d i t i o n a l l y  move i n t o  t h e  
Sudan r e g i o n ,  r e t u r n i n g  t o  t h e  Sahel  a t  t h e  b e g i n n i n g  o f  t h e  r a i n s .  In  t h e  500-600 mm 
i s o h y e t  zone, t h e r e  i s  thus coex is tence  - i f  n o t  symbios is  - between t h e  transhumant 
p a s t o r a l i s t s  and t h e  sedentary  c u l t i v a t o r s .  S h o r t l y  a f t e r  t h e  h a r v e s t i n g  o f  t h e  
g r a i n  crops, t h e  he rds  o f  t h e  t ranshumant s tockbreeders a r e  enc losed i n  t h e  f i e l d s ,  
where t h e y  i n g e s t  t h e  crop r e s i d u e s  (haulms, s t a l k s ,  e t c . ) ,  and a t  t h e  same t ime 
manure t h e  f i e l d s .  But ,  a f t e r  t h e  passage o f  t h e  t ranshunants,  t h e r e  remains ve ry  
l i t t l e  f e e d  f o r  t h e  l i v e s t o c k  o f  t h e  a g r i c u l t u r a l i s t s ,  wh ich  t h e r e f o r e  o f t e n  e n t e r  
i n t o  t h e  transhumance c i r c u i t .  
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Thus i t  c o u l d  be argued t h a t ,  i n  t h e  Sudanian zone, t h i s  t ype  o f  transhumance 
s e r i o u s l y  h i n d e r s  t h e  development o f  a sedentary  f a r m i n g  economy, i n c l u d i n g  s t o c k  
f a t t e n i n g  and t h e  ha rness ing  o f  oxen f o r  work i n  t h e  f i e l d s .  

F o l l o w i n g  d rough t  years,  a c e r t a i n  number o f  transhumants a t tempt  t o  s e t t l e  
i n  t h e  Sudan zone. These a t tempts  a r e  f r a u g h t  w i t h  numerous d i f f i c u l t i e s  and 
problems, f o r  example, t he  s c a r c i t y  o f  vacant  l a n d  and t h e  presence o f  endemic 
d iseases.  

Land use i n  the Sudm a g r i c u l t u r a l  zone. The Sudan zone i s  everywhere h e a v i l y  popu- 
l a t e d  and densely  c u l t i v a t e d ,  except  i n  areas where t h e  s o i l  f e r t i l i t y  i s  u n s a t i s -  
f a c t o r y  and where ma jo r  endemic d iseases (onchocerc ias i s ,  t rypanosomias is)  impede 
human se t t l emen t .  Any i n t r u s i o n  o f  transhumants i n t o  t h e  Sudan zone i s  l i k e l y  t o  
cause f r i c t i o n  and d i f f i c u l t i e s  un less  i t  i s  under taken w i t h i n  t h e  framework o f  a 
r e g i o n a l  l a n d  use p l a n  wh ich  envisages t h e  re-appor t ionment  o f  t h e  a g r i c u l t u r a l  
lands p r i o r  t o  t h e  f i n a l  s e d e n t a r i s a t i o n  o f  t h e  p a s t o r a l i s t s .  

A g r i c u l t u r a l  a c t i v i t y  i n  t h e  Sudan zone i s  g e n e r a l l y  l i n k e d  t o  t h e  concept o f  
t h e  "extended Sudanese f a m i l y " ,  and t h e  p a t t e r n  o f  use o f  t h e  e n t i r e  v i l l a g e  t e r r i -  
t o r y  i s  based on t h i s  concept.  The s i t i n g  o f  a v i l l a g e  i s  determined b y  t h e  n e c e s s i t y  
f o r  ready access t o  a wa te r  supply ,  e i t h e r  a nearby watercourse o r  a s h a l l o w  wa te r  
tab  l e .  

The d i s t r i b u t i o n  o f  t h e  d i f f e r e n t  crops grown on t h e  v i l l a g e  l ands  i s  determined 
by t h e  t r a d i t i o h s  o f  group labour ,  as f o l l o w s  : 

- I n t e n s i v e  c u l t i v a t i o n  zone (maize, leguminous crops, e t c . )  nea r  t h e  v i l l a g e ,  o f t e n  
tended b y  t h e  women, and manured w i t h  k i t c h e n  and d o n e s t i c  wastes ( p e e l i n g s  and 
o t h e r  waste f r o m  f o o d s t u f f s ,  ashes, human wastes) ;  

- C u l t i v a t e d  zone tended b y  t h e  numerous "extended f a m i l y  groups", i n  wh ich  t h e  
cousins and o t h e r  more d i s t a n t  r e l a t i o n s  work t o g e t h e r  under t h e  head o f  t h e  " f a m i l y " .  
Crops grown i n  t h i s  zone would i n c l u d e  m i l l e t ,  sorghum and groundnuts,  as w e l l  as 
r i c e  on i nunda ted  areas. A l though  most o f  t h e  work i n  the  f i e l d s  i s  s t i l l  done 
manual ly,  a g r i c u l t u r a l  e x t e n s i o n  workers have i n t r o d u c e d  s e l e c t e d  seeds, c rop  p r o -  
t e c t i o n  procedures and m i n e r a l  f e r t i l i z e r s ;  

- I n d i v i d u a l  p l o t s  zone, tended by i n d i v i d u a l s  when they a re  n o t  r e q u i r e d  t o  work 
i n  the  f a m i l y  f i e l d s ;  these p l o t s  - w i t h  t h e i r  success ionary s e r i e s  o f  f a l l o w s  - 
a re  d i spe rsed  ove r  t h e  a r a b l e  l ands  o f  t h e  v i l l a g e  t e r r i t o r y  and hence l i m i t  t h e  
g r a z i n g  p o s s i b i l i t i e s .  

In  t h i s  s e c t o r ,  t h e  c o t t o n  p l o t s  - which a r e  c u l t i v a t e d  under t h e  s u p e r v i s i o n  
o f  commercial  companies (e.g. Compagnie f r a n ç a i s e  du t e x t i l e )  - a r e  o f t e n  grouped 
toge the r  i n  one p l a n t a t i o n ,  thus f a c i l i t a t i n g  t h e i r  s u r v e i l l a n c e  by manager ia l  and 
t e c h n i c a l  personnel .  

F o l l o w i n g  t h e  example o f  t h e  c o t t o n  p l a n t a t i o n s ,  and w i t h i n  t h e  framework o f  a 
l a n d  use p l a n ,  a l l  t h e  i n d i v i d u a l  p l o t s  c o u l d  be grouped t o g e t h e r  and p l a n t e d  w i t h  
t h e  most advantageous crop.  Through l o c a l  a g r i c u l t u r a l  e x t e n s i o n  workers,  t h e  i d e a  
o f  crop r o t a t i o n  c o u l d  be encouraged, w i t h  p l o u g h  so les  a long  con tou r  l i n e s  and 
t h e  adop t ion  o f  a n t i - e r o s i v e  measures, as f o l l o w s  : 

- r i d g e s  t o  f o l l o w  con tou r  l i n e s ,  w i t h  p l a n t i n g  o f  h a r v e s t a b l e  p e r e n n i a l  f o rage  
p l a n t s  (e.g. t a l l  Gramineae such as Andropogon and Penn ise tm,  and legumes such as 
Cajanus cq'an and Leucaena); 

- seeded herbaceous bands t o  b e  mowed o r  grazed by t e t h e r e d  l i v e s t o c k .  

The work o f  s o i l  p r e p a r a t i o n  ( t i l l a g e ,  ha r row ing )  and crop maintenance (hoeing) 
c o u l d  be c a r r i e d  o u t  by h a r n e s s i n g  t h e  oxen, a f t e r  f i r s t  u p r o o t i n g  and removing 
t r e e  stumps, e t c .  
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The g roup ing  t o g e t h e r  o f  t h e  numerous i n d i v i d u a l  p l o t s  would r e l e a s e  t h e  areas 
o f  deep s o i l s  wh ich  would t h e n  be r e s e r v e d  f o r  g r a z i n g  by t h e  v i l l a g e  l i v e s t o c k  and 
t h e  animals  o f  transhumant p a s t o r a l i s t s .  

The s o i l s  o f  Sudanese p a s t u r e  areas a r e  g e n e r a l l y  weakly  s t ructured,and tramp- 
l i n g  throughout  t h e  r a i n y  season leads  t o  damage through build-up o f  an e a r t h  pan 
a t  t h e  s o i l  sur face,  f o l l o w e d  b y  a s p h y x i a t i o n  o f  t h e  p e r e n n i a l  Gramineae and denuda- 
t i o n  o f  t h e  s o i l .  I t  i s  t h e r e f o r e  necessary t o  env isage a s imp le  3 - u n i t  r o t a t i o n  
o f  t h e  p a s t u r e  areas, as f o l l o w s  : 

;f- Rainy season --> <-Dry season --> 
S f a r t  M i d d l e  End 

U n i t  1 i No g r a z i n g  i Grazed L igh t l y  grazed 

U n i t  2 i Grazed i No g r a z i n g  i L i g h t l y  grazed 

U n i t  3 i No g r a z i n g  L i g h t l y  grazed ( f i r e )  

Land unit 3, n o t  grazed d u r i n g  t h e  r a i n s ,  would be opened f o r  d r y  season 
g r a z i n g  ( a t  t h e  same t i m e  as t h e  two o t h e r  l a n d  u n i t s )  and would be b u r n t  a t  t h e  
b e g i n n i n g  o f  t h e  wet season ( a f t e r  about 30 mm o f  r a i n f a l l ) .  The f o l l o w i n g  year ,  
unit 3 would be managed as unit 1 and would be grazed d u r i n g  t h e  second p a r t  o f  t h e  
r a i n y  season. Acco rd ing l y ,  o l d  unit 1 would become uni t  2, unit 2 becoming unit  3. 

The "grazed" zone should n o t  be burnt f rom t h e  b e g i n n i n g  t o  t h e  end o f  t h e  d r y  
season. A c u l t i v a t e d  f i r e - b r e a k  c o u l d  b e  envisaged around t h e  l a n d  unit t h a t  was 
n o t  grazed d u r i n g  t h e  r a i n y  season, t o  p r o t e c t  t h e  a rea  a g a i n s t  bush f i r e s .  The 50-m 
wide f i r e - b r e a k  c o u l d  be c u l t i v a t e d  by t h e  a g r i c u l t u r a l i s t s  o r  t h e  sedentary  s tock-  
breeders,  u s i n g  r a p i d l y  m a t u r i n g  crops such as m i l l e t  and groundnuts.  I n  these f i r e -  
b reak  zones, t h e r e  would thus b e  one year  o f  c u l t i v a t i o n ,  f o l l o w e d  b y  two years o f  
f a l l o w .  D u r i n g  t h e  r a i n y  season, n i g h t  g r a z i n g  paddocks would be p u t  up around t h e  
p e r i m e t e r  o f  t h e  two o t h e r  l a n d  u n i t s .  T h i s  would f e r t i l i z e  t h e  s o i l  and a l s o  reduce 
t h e  herbaceous l a y e r  biomass, thus m a i n t a i n i n g  t h e  e f f i c a c y  o f  t h e  f i r e - b r e a k .  

In  t h e  "grazed" sec to r ,  a fo rage  crop o f  Styloscmthes g r a c i l i s  would be grown 
on s o i l s  nea r  t o  watercourses. T h i s  c rop  would be grazed d u r i n g  t h e  n i g h t  ( in n i g h t  
paddocks, d u r i n g  t h e  d r y  season) w i t h  c l o s u r e  o f  t he  p e r i p h e r y  i f  a t  a l l  p o s s i b l e .  

The ad jacen t  s tony  p l a t e a u  s e p a r a t i n g  two v i l l a g e  t e r r i t o r i e s  c o u l d  be grazed 
d u r i n g  t h e  r a i n y  season b y  he rds  comprised o f  f a t t e n i n g  s tee rs ,  d r y  cows and c a l v e s  
i n  f u l l  growth.  The he rds  would be watered f r o n  temporary poo ls ,  and t h e  e x t e n s i v e  
p a s t u r e  areas c o u l d  be used in  r o t a t i o n ,  b e i n g  grazed and n o t  grazed d u r i n g  a l t e r n a t e  
months. From t h e  b e g i n n i n g  o f  t h e  d r y  season, the  h e r d  would be d r i v e n  back t o  r e j o i n  
t h e  m i l k - p r o d u c i n g  animals  and t h e  p l a t e a u  v e g e t a t i o n  would be b u r n t  as a p r o t e c t i v e  
measure a g a i n s t  f i r e s .  

The occurrence o f  unoccupied areas i n  t h e  Sudan zone i s  e x p l a i n e d  by t h e  poorness 
o f  t h e  s o i l  and/or  t h e  presence o f  endemic d iseases.  

The l a t e r i t i c  p la teaux ,  formed b y  s k e l e t a l  s o i l s  h a v i n g  an i r o n p a n  o r  a s tony 
n a t u r e ,  can be grazed d u r i n g  t h e  r a i n y  season, as p r e v i o u s l y  descr ibed,  w i t h i n  t h e  
framework o f  a l a n d  use p lan .  During t h e  d r y  season, t h e r e  would be a need f o r  o t h e r  
p a s t u r e  areas, such as t h e  herbaceous savannas in  t h e  ma jo r  r i v e r  v a l l e y s .  These 
savannas shou ld  b e  p repared  f o r  g r a z i n g  through s t r i p  b u r n i n g  o f  t h e  v e g e t a t i o n  
when i t  becomes dry. 
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Suggested scheme of land use In the Sudanian zone 
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Befo re  t h e  unhea l thy  r e g i o n s  can be s e t t l e d ,  i t  i s  necessary t o  e r a d i c a t e  t h e  
endemic d iseases.  Thus, i n  t h e  V o l t a  d ra inage  bas in ,  an onchocerc ias i s  e r a d i c a t i o n  
scheme - aimed a t  t h e  d e s t r u c t i o n  o f  t h e  S i m u l i d  ( b l a c k  f l y )  v e c t o r s  o f  t h e  d isease - 
was i n i t i a t e d  d u r i n g  1974 by t h e  Wor ld  H e a l t h  O r g a n i z a t i o n  (WHO). The f i r s t  r e s u l t s  
o f  t h i s  o p e r a t i o n  a r e  expected w i t h i n  18 months o f  t h e  s t a r t  o f  t h e  scheme, though 
t h e  t rea tmen t  w i l l  have t o  b e  con t inued  f o r  20 years.  

F o l l o w i n g  t h e  e r a d i c a t i o n  o f  endemic diseases, these r e g i o n s  c o u l d  be c o l o n i z e d  
- i n  accordance w i t h  n a t i o n a l  p l a n s  - by d i s p l a c i n g  c u l t i v a t o r s  f rom ove rpopu la ted  
r e g i o n s  o r  by s e d e n t a r i z i n g  p a s t o r a l  groups. In  p a r t i c u l a r ,  ranches f o r  t h e  excess 
l i v e s t o c k  coming f rom t h e  Sahel  shou ld  be envisaged ( f a t t e n i n g  ranches, based on  a 
r e l a t i v e l y  q u i c k  t u r n o v e r  o f  l ivestock),  as w e l l  as pas tu res  which m i g h t  be managed 
l i k e  those env isaged w i t h i n  t h e  l a n d  use p l a n s  f o r  t h e  Sudan zone. The problem o f  
access f o r  l i v e s t o c k  coming f rom t h e  Sahel should n o t  be i g n o r e d  by p lanners  o f  t h e  
c o u n t r i e s  o f  t h e  Sudan zone. The t r a i l s  o f  t h e  transhumant l i v e s t o c k  shou ld  be 
preserved,  and shou ld  n o t  be p u t  under c u l t i v a t i o n .  I n  a d d i t i o n ,  a minimum number 
o f  r e a d i l y  a c c e s s i b l e  g r a z i n g  areas and w a t e r i n g  p o i n t s  should be ensured. 

98 



PUBLICATIONS OF THE UNITED NATIONS S P E C I A L  SAHELIAN O F F I C E  

F i n a l  r e p o r t  on the meeting of the  Sudano-Sahelian mid- and long-term programe 
(Geneva, 28-29 June 1 9 7 3 ) .  New York,  3 0  October  1 9 7 3 ,  S T / S S 0 / 7 ,  52 p., 4 annexes. 
mimeo. 

Towards a s t ra tegy  f o r  development i n  the Sahel ian and Sudano-Sahelian zones 
(M. Baumer). New York,  30  October  1 9 7 3 ,  ST/SSO/ l / rev .  1, 17 p. mimeo. 

Management of water resources. New York,  6 November 1 9 7 3 ,  S T / S S O / 1 1 ,  2 3  p. mimeo. 
Livestock.  New York ,  9 November 1 9 7 3 ,  S T / S S O / l O ,  49 p.  mimeo. 
Publ ic  heal th .  New York,  4 December 1 9 7 3 ,  ST/SS0/15, 1 3  p.  mimeo. 
Indus t ry .  New York,  26 December 1 9 7 3 ,  S T / S S O / 1 6 ,  2 0  p.  mimeo. 
The response of pas tora l  nomads t o  drought i n  t h e  absence of outs ide i n t e r v e n t i o n  

(Douglas L. Johnson).  New York ,  1 9  December 1 9 7 3 ,  S T / S S O / 1 8 ,  2 4  p. mimeo. 
Services météorologiques e t  hydrologiques. New York ,  7 January  1 9 7 4 ,  S T / S S 0 / 1 9 ,  

26 p.  mimeo. 
Education. New York ,  9 January  1 9 7 4 ,  ST/SS0/14/rev.  1, 3 4  p .  mimeo. 
Out l ine  ana lys is  f o r  mining sector  : Sudano-Sahelian reg ion.  New York,  1 F e b r u a r y  

Hmm resources. New York ,  6 F e b r u a r y  1 9 7 4 ,  S T / S S 0 / 2 1 ,  45 p.  mimeo, 9 t a b l e s .  
Telecommunications. New York ,  2 0  F e b r u a r y  1 9 7 4 ,  ST/SS0/17/rev.  1, 2 0  p. mimeo., 

Energy. New York,  6 March 1 9 7 4 ,  S T / S S 0 / 2 2 ,  39 p. mimeo. 
Special  meeting convened by the Permanent In te r -S ta te  C o m i t t e e  on drought c o n t r o l  

i n  the  Sahel, Bamako (Ma l i ) .  New York ,  11 March 1 9 7 4 ,  S T / S S 0 / 2 4 ,  1 3  p. mimeo. 
Soc ia l  i n s t i t u t i o n s .  New York,  2 8  March 1 9 7 4 ,  S T / S S 0 / 2 3 ,  1 2 9  p.  mimeo. 
Transport .  New York ,  5 A p r i l  1 9 7 4 ,  S T / S S 0 / 1 3 / r e v .  1, 35 p. mimeo., 2 maps. 
Afr ican f i s h e r i e s  : t h e i r  problems and oppor tun i t ies  and t h e i r  r o l e  i n  the  Sahelian 

An approach t o  recovery and r e h a b i l i t a t i o n  of the  Sudano-Sahelian reg ion.  New York,  

I n s t i t u t i o n a l  f o r e s t r y  problems i n  the  Sahel ian reg ion  (J.E. Raeder -Ro i tzch)  . 

1 9 7 4 ,  S T / S S 0 / 2 0 ,  3 4  p. mimeo. 

5 maps. 

famine (W.H.L. A l l s o p p ) .  New York ,  1 9  July 1 9 7 4 ,  S T / S S 0 / 3 0 ,  27 p. mimeo. 

8 November 1 9 7 4 ,  ST/SS0/28,  82  p. mimeo. 

New-York, 2 0  December 1 9 7 4 ,  S T / S S 0 / 3 2 ,  2 4  p. mimeo., 2 t a b l e s .  

99 



IB.16]SC.74/XXIX-I /A  



A stylized "ankh", the ancient Egyptian 
sign for life, has been incorporated into 
the symbol of the Programme on Man 
and the Biosphere (MAB) ISBN 92-3-101 237-1 


	Contents



