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VEGETATION PATTERNS A X D  SOILS It.; THE HAPIHI BOLSO:; 
( C H I H U A I I U A N  DESERT - NEXICO) 

PART I :  VEGETATION ARCS 

A .  CORNET, J . P .  DE1.110UME, A N D  C .  HONTARA 
INSTITUTO DE ECOLOGIA,  A .  C . ,  CENTRO REGIONAL N O R T E  

MIIDO GOKEZ P A L A C I O ,  DURANGO, MEXICO 

ABSTRACT. - - P a r t i c u l a r  veyc t n  t i o n  t y p e s  c a  1 l e d  "brous  sc L i gt.<,c' , ' I  

" v e g e t a t i o n  a r c s "  o r  " v e g e t a t i o n  s c r i p e s "  have  been desc r ibe . i  fur 
s e v e r a l  a r i d  l a n d s  i n  t h e  v o r l d ,  m a i n l y  i n  A f r i c a  and rlic Middle 
E a s t .  Here, c l i i ;  v r g e c a c i o n  ~ y p e  i s  d e s c r i b e d  f o r  clic f i r s t  L i w  
f o r  t h e  Mapimi a r e a .  I C  c o n s i s t s  of a mos iac  of b a r e  a r c a s  And 
v e g e c a t i o n  a r c s  vliose tnajor axes  (20 CO 70  m l o n g )  a r e  : I ~ W ; I Y S  

p e r p e n d i c u l a r  to clic. s l o l i e .  P o s i t i o n  i n  clic. l ; i i i d s c ~ p c ,  
m o r p h o a n a l y t i c a l  s o i l  c h a r a c t e r i s t i c s ,  s p e c i e s  c o m p o s i t i o n ,  niid 
d i s c  r i but  i o n  a long  t h e  g e o m o r p h o l o g i c a  1 g r a d i e n c  a r c  d e s c r i  bel]. 
I lypocheses  on che o r i g i n  and e v o l u t i o n  of clle p ~ t t ¿ r n  a r e  
a n a l y z e d .  Its p r e s e n t  dyndmics  seems t o  be e x p l a i n e d  by t l i c  
e f f e c t s  of s h e e t  vater r u n o f f  and  a p a r t i c u l a r  microcopograpliy 
vliere t h e  v e g e t a c i o n  p l a y s  a m a j o r  ro le .  

Around 1950 che development of a e r i a l  su rvey ,  o f  p l a n t  f u r i n d t i o n s  S l l O U C J  

!rice, i n  c h e .  3 r i d  a n d  s c i a i - a r i d  zones,  o f  clic existeil ,- . ;  n f  y.Q.ii l i : lr  
t y p e s  of p a c c e r n s  c o r r c s p o a d i n g  L O  p l a n t  communi t i e s  concentr. t tr .C i n  r h r n  
p a r a l l e l  s t r i p e s ,  a l t r r i i a t i n g  r)iLIi l igl ic  b ~ r e  a r e a s .  Clus-.:rct:dur ( 1 Y i b )  
c o i n e d  t h e  F rench  term " b r o u s s e  c i g r S e "  c o r r e s p o n d i n g  to what Anglo-SasOl1 
a u t h o r s  l a b e l  a s  " v e g z c a t i o n  a r c s "  o r  " v e g e t a t i o n  s c r i p e s  . ' I  I n  Af r . i ca ,  
c l iesc  types  of f o r m a t i o n s  liave beeil o b s e r v e d  i n  a l l  r r r i d  ziiiit'.? Irij lr 
N a u r i t a n i a  Co Somalia. Numerous works d e a l  w i t h  t h e i r  d e s c r i p t i n n .  t h e i r  
C l o r i s t i c  compos i t ion  and a t t e m p t  t o  e x p l a i n  t l ieir  g c n c s i s .  K c  rail n c n t i o n  
[lie works  o f :  Audry and R o s s e c i  (1Y62)  i n  M a u r i t a n i a ;  Bou2i.t (1972)  i n  
M a l i ;  Leprun  (1979)  i n  H a l i  and Upper V o l t a ;  B o u l e t  e t  a l .  (1Y64) i n  N i g e r ;  
Whice ( 1 9 7 0 )  i n  Nige r ;  Worra l  ( 1 9 5 9 )  i n  S u d a n ;  B o a l e r  and Hodge (1964)  a n d  
Hemming (1965)  i n  Somal ia .  O u t s i d e  A f r i c a ,  t h e s e  t y p e s  of f u r n a r i a l i s  have 
been  r e p o r t e d  i n  J o r d a n i a  by Whi t e  ( 1 9 6 9 ) ,  i n  A u s t r a l i a  by L i t c h f i e l d  ai?d 
Mabbut (1962)  and i n  che U.S.A. by I v e s  ( 1 9 4 6 ) .  V a r i o u s  I iyp~) theses  l i a v t  
been  p r o p o s e d  r e g a r d i n g  t h e  c a u s e s  r e s p o n s i b l e  f o r  the formacion  of t h e s e  
s t r i p e s ,  t h e i r  g e n e s i s  and d y n a m i c s .  

The s t u d y  of a i r  p h o t o g r a p h s  h a s  shown t h e  e x i s t e n c e  of  t h i s  t ype  o f  
f o r m a t i o n ,  l o c a l l y  c a l l e d  " m g o t e s , "  i n  t h e  area of t h e  Bolson  d e  M a p i m i .  
The area where  ve p a r t i c u l a r l y  s t u d i e d  t h e n  is i n c l u d e d  i n  t h e  Mapimi Bio- 
s p h e r e  R e s e r v e .  Hovever ,  o t h e r  o b s e r v a t i o n s  have  l e t  u s  n o c i c e  c h e i r  p r e s -  
e n c e  i n  o t h e r  zones, p a r c i c u l a r l y  more to tlie s o u t h  of t h e  b a s i n  of cl le  

Nazas R i v e r .  T h i s  work d e s c r i b e s  t h i s  t y p e  o f  p a t t e r n  i n  an  ace^ where it' 
had n o t  y e t  been  r e p o r t e d ,  a n d  p r e s e n t s  d a t a  t!iat s u p p o r t s  o r  i n v a l i d a t e s  
t h e  h y p o t h e s e s  t h a t  have  been e m i t t e d .  

GENERAL DESCRIPTION OF THE ENVIRONMENT 

The  scudy  area i s  l o c a t e d  i n  tlie Mapimi B i o s p h e r e  Rese rve  ( F i g .  l ) ,  i n  
a r e g i o n  c a l l e d  "Bolson d e  Mapimi," of t h e  Chihualiuan Dese rc '  a s  d e f i n e d  by 
Schmid t  ( 1 9 7 9 ) .  The Mapimi B i o s p h e r e  R e s e r v e  o c c u p i e s  3 n  a r e a  o f  
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Fig. 1. Localization of Mapimi Biosplwrc Reserve (Durago,  

Mexico). 

i 



The  human o c c u p a t i o n  of tlie Rese rve  is  q u i t e  s c a t t e r e d  and unimlrorLant.  
The p o p u l a t i o n  i s  d i s t r i b u t e d  in a few " ranchos"  and " e j i d o s "  ( a  cypc o f  
l a n d  t e n u r c )  whose m a i n  econoiilic a c t i v i t y  i s  e x t e n s i v e  c a t t l e  b r e e d i n g .  

DESCRIPTION OF THE VEGETATION ARC OR "MOGOTE" PATTERN 

T h i s  t y p e  o f  f o r m a t i o n  a p ? e a r s  i n  t h e  m i d d l e  p a r t  of tlie t o p o s e q u e n c e s  
of l a n d s c a p e  U n i t  V ( F i g .  2 ) .  5 c l a s s i c  s e q u e n c e  b e g i n s  u p h i l l  w i c l i  3 

p e d i m e n t  c a l l e d  "upper  ba j ada  ," c o v e r e d  u i  t h  a s c a t  t e r e d  buL r e g u l a i r  
v e g e t a t i o n  ( a v e r a g e  c o v e r  d e g r e e  2U.3%),  c o n s t i t u t e d  by a " m a t o r r a l "  w i t l i  

Larrea t r i d e n t a t a  and O p u n t i a  s p .  .In c h i s  a r e a ,  t h e  s u r f a c e  s o i l  i s  
c o n s t i t u t e d  by m a t e r i a l s  of c o l l u v i a l  o r i g i n ,  w i t h  a liigli p r o p o r t i o n  o f  
c o a r s e  e l e m e n t s ,  r e s t i n g  on  tlic a l t e r e d  bedruck  ( l i m e s t o n e ,  m a r l )  i n  p lnc i . .  
A t  t h a t  l e v e l ,  s u r f a c e  e r o s i o n  c u t s  a r e  p r e s e n t  c o n s t i t u t i n g  a x e s  f u r  
d r a i n a g e .  The c e n t r a l  p a r t  oÏ c l i c  t r d n s e c t  i s  o c c u p i e d  by r l ~ c  v e g e t a r i l ) n  o r  
" b r o u s s e  t i g r é c "  o r  "mogotes  ," p a r a l l e l  v e g e t a t i o n  s c r i p c s  a l t e r n , i t i [ i g  v i  t l i  
b a r e  g r o u n d  w i c l i  a v e r y  l i g l i t  p l a n t  c u v e r  (4 .4 ' / ,  as  an a v e r a g e  a l o n g  t1r.c 
t r a n s e c t ) .  I n  g e n e r a l ,  tlic s o i 1  is ;i ycrmosol  w i t h  a medium t c x ~ u r e  v e r y  

l i  
I !  

3 
a p p r o x i m a t e l j  160 ,000  ha .  I t  i s  d e l i m i t e d  by n o r t h e r n  latitudes 26"31)' t u  
2 6 " 5 2 ' ,  a n d  bg w e s t e r n  l o n g i t u d e s  103"32 '  t o  1 0 3 " 5 8 ' .  

F i g u r e  2 ,  from MontaRa and Breimer ( 1 9 8 1 ) ,  d e l i m i t s  clic main landscape 
u n i t s  e s t a b l i s h e d  a c c o r d i n g  t o  geomorphology,  s o i l s  and v e g e t a t i o n .  Tllc 
a r e a s  o ï  r e l i e f  and t h e i r  pcdimcnt ( s i e r r a s  and  b a j a d a s )  h a v e  an ~ l l i L u d c  
be tween 1200 and  1500 m (3935-4920 f t )  and  a r e  c o n s t i t u t e d  by vo lcan ic  r o c k s  
( b a s a l t ,  a n d e s i t e s ,  r h y o l i t e s ;  l a n d s c a p e  U n i t s  V a ,  Vb and V I I ) ,  of c a l c a r e -  
o u s  r o c k s  ( U n i t  VI)  of t h e  C r e t a c e o u s  a g e ,  and of a c o l l u v i a l - a l l u v i a l  cOv- 
e r  o f  tlic a f o r e m e n t i o n e d  m a t e r i a l s  which have  been  s p r e a d  o v e r  g l a c i s  ( p e d i -  
m e n t s ) .  Landscape  U n i t s  I and I I  c o r r e s p o n d  t o  a n  a l l u v i a l  p l a i n  ( p l J y J )  
which  c o l l e c t s  most of t h e  s u r l a c e  w a t e r  and  c o n c e n t r a t e s  tliem i n  a lagooil 
l o c a t e d  i n  t h e  n o r t h w e s t  c o r i i c r ,  a d e p r e s s i o n  w i t h  a h igh  s a l i n e  con- 
c e n t r a t i o n .  On t h e  n o r t h e r t i  p a r t  of t h e  R e s e r v e  we go p r o g r e s s i v e l y  p a s t  a n  
a r e a  of t r a n s i t i o n  between tlre f l u v i a l  and t h e  e o l i a n  r e l i e f s  (Un i t  IV) t o  
an  area o f  a n c i e n t  s and  dunes  (Uni t  I I I )  f i x e d  by t h e  v e g e t a t i o n .  

T h e  s o i l s  a r e  e s s e n t i a l l y  ye rmoso l s  and x e r o s o l s  ( F . A . O .  c l a s s i € i c a -  
t i o n )  d i v i d e d  i n t o  a r e a s  of "p laya"  and of " l o u e r  b a j a d a  ," p r e s e n t i n g  h o r i -  
zons  e n r i c h e d  w i t h  s a l t s  ( m o s t  o r t e n  NaCl) ,  gypsum,  and c a l c i u m .  On clic r e -  
l i e f s  aiid t l ieir  ped imen t s  ( " s i e r r a s "  and "upper  b a j a d a " ) ,  s o i l s  of t he  l i  t l io- 
sol a n d  r e g o s o l  t y p e  p r e v a i l .  L o c a l l y ,  a r o u n d  t h e  "Laguna d e  l a s  Pa lomas , "  
s o l o n t c h a k s ,  w i t h  a h i g h  c o n c e n t r a t i o n  o f  NaCl,  h a v e  d e v e l o p e d .  

T h e  v e g e t a t i o n  is  c o n s t i t u t e d ,  on one  h a n d ,  o f  a m i c r o p h y l l o u s  d e s c r L  
" m a t o r r a l "  domina ted  by L a r r e a  t r i d e n t a t a  w i t t i  a v a r i a b l e  d e g r e e  o l  pres- 
e n c e  of s u c c u l e n t  s p e c i e s ,  and on  t h e  o t l i e r  h a n d ,  o Ï  s t eppe - .  witli h a l l -  
s h r u b b y  h a l o p l i y t e s  o c c u p y i n g  tlic lower p a r t .  

The  c l i m a t e  i s  of a l t i t u d i n a l  a r i d  t r o p i c a l  t y p e ,  w i t l i  an annua l  r a i n -  
f a l l  a v e r a g e  o f  271 m a ,  showing g r e a t  v a r i a b i l i t y ;  t h e  c o e f f i c i e n t  O C  v a r i a -  
t i o n  i s  of 42% ( C e b a l l o s  s t a t i o n  1956-1981).  Tlie e s t i v a l  r a i n s  from J u n e  t o  
S e p t e m b e r  i n c l u s i v e ,  which  r e p r e s e n t  60.72 of t h e  a n n u a l  t o t a l ' ,  have  :i 

s t o r m y  c h a r a c t e r i s t i c  and  t a k e  t h e  form of l o c a l i z e d  showers  w i t h  h i g h  i n -  
t e n s i t i e s .  The  a n n u a l  a v e r a g e  t e m p e r a t u r e  is 20-2°C .  The minima a v e r a g e  
f o r  t h e  c o l d e s t  inontli ( J a n u a r y )  i s  1.5"C and t l i c  maxima f u r  Lhe 1iottesL 
month ( J u n e )  i s  3 7 . 2 " C .  
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I. SOUTHERN'PLAYA' V 'BAIADAS'AND 'SIERRAS'OF IGNEOUS 
II. NORTHERN 'PLAYA' AND SEDIMENTARY ORIGIN 

111- DUNES ZONE a -  CENTRAL b. WEST 
IV.  TRANSITION BETWEEN EOLlC VI - 'BAJADAS' AND 'SIERRAS- OF CALCAR 

AND FLUVIAL LANDSCAPE EOUS ORIGIN 
VII. BASALTIC LAVA ZONE 

Fig. 2 .  Delimitation of landscape units, according t o  

geomorphology, s o i l s  and vegetation (from POINTAW 

and ßREU\W, 1981). 
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poor i n  o r g a n i c  m a t t e r  and p r e s e n t t n g ,  l o c a l l y .  low s a l i n i t y .  Ve can  n o t e  
t h e  absence  of an o r g a n i z e d  d r a i n a g e  a x i s ,  t h e  .drainage be ing  most ly  
s h e e r - f l o u .  

_ _  

F i n a l l y ,  i n  t h e  a r r i v a l  zone ,  t h e r e  i s  a low a r e a  of accumula t ion  o f  
r u n - o f €  wa te r  o c c u p i e d  by a g r a s s y  f o r m a t i o n  w i t 1 1  H i l a r i a  mut i ca  ( 4 3 . 5 %  
a v e r a g e  cove r  d e g r e e )  d o t t e d  with a few h a l f - s h r u b s ,  and s c r e u n  u i t l i  ba re  
aceas of i r r e g u l a r  form. The s o i l  i s  a l s o  a y e r m o s o l ,  buL u i t l i  a f inc.  
t e x t u r e  and medium s a l i n i t y  a p p e a r i n g  a t  I i a l f - d e p t l i .  

For t h i s  s t u d y ,  v e  have c h o s e n  two r e p r 2 s e n t a t i v e  s e q u e n c e s ,  one 
l o c a t e d  t o  t h e  n o r t h w e s t  of " c e r r o  San  I g n a c i o , "  which h a s  been clic o b j e c t  
of t h e  g r e a t e s t  number ,  of o b s e r v a t i o n s .  The o t h e r  is  l o c a t e d  C O  t h e  
sou thwes t  of t h a t  same " c e r r o . "  

On t h e  f i r s t  s e q u e n c e  we have c h o s e n  a t r a n s e c t  of 1037 m c u t t i n g  ( F i g .  
3 ) :  1) che  " m a t o r r a l 1 '  a r e a ,  l e n g t h  40 m ,  a v e r a g e  s l o p e  0 .9OX;  2)  clic 
"mogotes" a r e a ,  l e n g t h  675 m, a v e r a g e  s l o p e  0 . 6 2 % ;  and 3 )  t h e  low zone wi th  
H i l a r l a ,  l e n g t h  322 a ,  ave rage  s l o p e  0 .23%.  I n  t h e  "mogotes" a r e a  Clic 
s t r i p e s  of d e n s e  v e g e t a t i o n  a r e  a r r a n g e d  p e r p e n d i c u l a r l y  C O  che l i n e  of 
g r e a t e s t  s l o p e .  T h e i r  w id th  v a r i e s  from 20 t o  70 m ,  t h e  w i d e s t  s t r i p e s  
be ing  t h o s e  l o c a t e d  towards  the bot tom of t h e  t o p o s e q u e n c e .  The t o t a l  o f  
t h e  v e g e t a t i o n  s t r i p e s  r e p r e s e n t s  29 .6% of t h e  l e n g t h  of t r a n s e c t  , I  and 
24.3% of t r a n s e c t  I I .  

The wid th  of t h e  b a r e  a r e a s  is q u i t e  v a r i a b l e , ' f r o m  40 t o  250 I I I ,  and 
t h e r e  does  not  seem t o  be a n y  c o r r e l a t i o n  be tween t h e  wid th  o: t h u s e  a r e a s  
and the wid th  of t h e  a d j a c e n t  v e g e t a t i o n  s t r i p e s .  The a v e r a g e  s l o p e  of t l i e  
v e g e t a t i o n  s r r i p e s  i s  0 . 5 5 % ,  whi le  t h a t  of t h e  b a r e  a r e a s  i s  0 .652 .  Tlir 
s l o p e  a t  t h e  l eve?  of t h e  s t r i p e s  i s  n o t  r e g u l a r  ( F i g .  4 slrows C ~ I , ~  

t r a n s v e r s a ?  t o p o g r a p h i c  p r o f i l e  of  a v e g e t a t i o n  s t r i p e ) .  The  s l o p e  i s  v e r y  
weak, even n o n - e x i s t e i i t ,  u p h i l l  of t h e  "mogote ,I' q u i t e  i r r e g u l a r  i n  ~ 1 1 1 .  

"mogote ,"  and s11ows an a b r u p t  s t e p  down of 10 C O  15 cm d u c ; i l l i l l .  

STUDY OF THE SOILS AND VEGETATION OF A VEGETATION ARC OR "MOGOTE" 

We l iave s c u d i e d  the c h a r a c t e r i s t i c s  of t h e  s o i l s  of ~ l i c  "mogoLe" a lo r i2  
a t r a n s e c t  o r i e n t a t e d  a c c o r d i n g  L O  clic l i n e  of g r e a t e s r  s l o l ) e ,  a i i d  r u ~ r i i i ! :  
tlie "mogote" i n  i t s  c e n ~ r a l  p a r r .  Tllrec p e d o l o g i c  p r o f i l e s  II;IVV bec11 d c - -  
s c r i b e d  and a n a l y z e d :  1 )  MOC 1 = d o v n l i i l l  a r e a  of tlre "i:iogote"; 2 )  MOL 2 
= i n s i d e  o Í  t h e  V e g e t a t i o n  s t r i p e ;  3 )  NOG 4 = u p h i l l  edge  or' rlte "n,,$ore". 

P r o f i l e  MOG 1. L o c a l i z e d  b e l o v  t h e  " m o g o t e , "  i n  a zone u i r l i o u t  vcgc-  
' t a t i o n ,  s l o p e  l e s s  t l ian 1%, t h e  m i c r o - r e l i e f  i s  not  a c c e n t u a t e d  on [Ire s u r -  
f a c e .  Wi thout  s e e d l i n g s ,  very  l o w  s t o n i n e s s  on t h e  s u r f a r e  ( s i c ) n ~ i . j ,  
p e b b l e s ) .  

A l l  H o r i z o n ,  O - 4 cm, l i g l i t  brownislr  g r a y  ( 7 . 5  Y K  7 / L )  Jry.  g r . 4 ~ -  
bwwn ( 7 . 5  i ' R  5 / 3 )  m < > i s t ,  h i z h  e i i c r v c s c e n c c  c i t l i  a r i d ,  fcu C V ~ I T ~ ~ :  ~ : I L : I I I ~ I I ~ . - ~ ,  
52 c o v e r ,  g r d v c l l y ,  s s n d y  l o a n ,  f i l i i .  e i i g u l , i r  b locky  s ; c r u r ~ u r t ' ,  L * ~ I . ~ .  i r a s 1  I t  

aggregclteis: ,  i c v  p u r e s ,  f r i a b l e ,  '.'cry i e c  f i n e  roots, e b r u p r  S:;I,>OLII botlliL1.1r .. . 
A ! 2  H o r i z o n ,  4 - 18/20 cnt, g r a y - b r o w  ( 7 . 5  Y K  5/3) d r y ,  Lr-uw~i ( 7 . 5  '<I< 
4 / C )  ffioiàc , h i g h  c r i e r v e s c e r i c c  u i t l i  a c i d ,  c o a r s e  c l e : n c n t s ,  3UZ r [>vcr ,  gi-.+v- 
c l l y  and c o b b l y ,  .s;iiidy luilin, mi3diur;l s u b a n g u l a :  block) '  sLcurLur . : ,  I r .~[;i  l , ,  :II,;.- 
g r e g a r e s ,  f e w  v e r y  i i n e  p o r e s ,  t u h u l a r  aiid i n L e r g r a i i u l : ~ r .  f i - i , ~ b l ~ a .  I ~ ~ V  f i  I I , .  

-- 

- ~- 
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F i g .  3. D i s t r i b u t i o n  of v e g e t a t i o n  a r c s  i n  t h e  hlapimi 
r - e r h e r e  Reserve .  

- V e g e t a t i o n  a r c s  'o r  " o g o t e s "  

I=] - Upper t 'ba jada i t  w i t h  d e s e r t  ma to r ra l  

p7A - Piedmont and low h i l l s  (loms) 

- A r r i v a l  zone wi th  H&/Lin  g r a s s l a n d  

- Transect 
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Fig. 4 .  Sect ion  a c m s s  a vegeta t ion  s t r i p e  showing t h e  r e p a r t i t i o n  of the 

min species, t h e  l eve l  p r o f i l e  and t h e  l o c a t i o n  of so i l  p r o f i l e s .  

' 

1 - Bare aTea w i t h  s u r f a c e  grave l  

2 - Pioneer  zone ( f r o n t )  

3 - Screen of FCowenbia 

4 - Body of the  ''mogote" 

5 - h n  hill area of t h e  "mogote" 



TABLE 1. A n a l y t i c a l  d a t a  f o r  t h e  MDG 1 p r o f i l e .  

T e x t u r e  (0 -2  mm f r a c t i o n ) %  O r g a n i c  CEC E l e c t r i c a l  
Dep th  H o r i z o n  C l a y  S i l t  Sand PH Carbon  N i t r o g e n  G / N  C a c o 3  (meq/ C o n d u c t i v i t y  
(Cm) W a t e r  ( % )  ( X I  ( % )  1Oog) (mmho/cm) 

0 -3  A l l  

7-14 A l  2 

1 3 . 4  30 .  O 5 6 . 6  

1 7 . 4  2 0 . 4  62 .  2 

8 . 1  

8 . 1  

o .  50 

O .  46 

0 . 0 8 1  6 . 2  1 2 . 2  2 1 . 7  

0 . 0 7 8  5 . 9  1 2 . 2  2 0 . 9  

o .  75 

1 . 5  

2 5 . 7  3 4 . 0  8 . 5  O .  30 0 . 0 5 3  5 . 7  2 4 . 5  2 0 . 7  23-33 B21 4 0 . 3  

46-58 B22 44 :3 2 5 . 7  3 0 .  O 

66-80  I I B 2 3  

90-100 I I B 3  

8 . 3  O .  24 0 . 0 4 2  5 . 7  2 6 . 5  2 0 . 2  2 . 2 5  

3 7 . 7  1 9 . 9  2 .0  

35 .7  1 6 . 0  1 . 0  

4 0 . 3  4 1 . 6  1 8 . 1  8 . 6  --- --- 
3 0 . 3  4 9 . 6  2 0 . 1  8 . 7  --- --- 

--- 

--_ 
--- cy- --- --- --- --- 116-124  IIC 21.1 3 8 . 7  4 0 . 2  --- 
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h o r i z o n t a l  r o o t s ,  l o c a l i z e d ,  c l e a r  u n d u l a t i n g  boundary. B21 Hor izon ,  
18 /26  - 3 5 / 4 0  cm, g r a y - b r o r n  t o  g ray -o range  ( 7 . 5  Y U  5 . 5 / 3 )  d r y ,  brown t o  
gray-brown (7.5 YR 4.513) m o i s t ,  h i g h  e f f e r v e s c e n c e  ' w i c h  a c i d ,  c o a r s e  e l e -  
men t s  c o v e r i n g  5 % .  g r a v e l l y ,  c l a y ,  v e r y  s t r o n g  medium a n g u l a r  b locky  s t r u c -  
t u r e ,  v e r y  few p o r e s ,  p o r o s i c y  i n t e r - a g g r e g a t e s ,  f i r m ,  l ia rd ,  few f i n e  h o r i -  
z o n t a l  and v e r t i c a l  r o o t s ,  c l e a r  smooth  boundary .  B22 H o r i z o n ,  3 5 / 4 0  - 
58 /68  c m ,  g r ay -o range  ( 7 . 5  Y R  6 1 3 )  d r y ,  g ray -b rovn  ( 7 . 5  Y R  5 / 3 )  m o i s r ,  higll  
e f f e r v e s c e n c e  w i t h  a c i d ,  c o a r s e  e l e m e n t s  S X  c o v e r ,  g r a v e l l y ,  c l a y ,  very  
s t r o n g  medium a n g u l a r  b l o c k y  s t r u c t u r e ,  v e r y  compact a g g r e g a t e s ,  w i t h  l o c a l -  
l y  t h i n  p l a t y  s t r u c t u r e ,  ve ry  f e u  p o r e s ,  i n t e r - a g g r c g a t e  p o r o s i t y ,  f i r m ,  
h a r d ,  f e u  f i n e  l o c a l i z e d  r o o t s ,  c l e a r  u n d u l a t i n g  boundary .  IIB23 
H o r i z o n ,  58/68 - 90 C a ,  g r ay -o range  ( 7 . 5  Y R  6 1 3 )  m o i s t ,  ve ry  h igh  e f f e r -  
v e s c e n c e  w i t h  a c i d ,  no c o a r s e  e l e m e n t s ,  c l a y ,  s t r o n g  f i n e  a n g u l a r  b locky  
s t r u c t u r e ,  v e r y  few p o r e s ,  t u b u l a r  and  i n t e r - a g g r e g a t e  p o r o s i t y ,  no r o o t s  I 

v e r y  f i r m ,  h a r d ,  c l e a r  smooth boundary .  IIB3 Hor izon ,  90 - 100 c m ,  
g r ay -o range  (7 .5  Y R  6 . 5 / 3 )  d r y ,  gray-brown t o  gray-orange  (7 .5  Y R  5-5 /31  
moist, v e r y  h i g h  e f f e r v e s c e n c e  w i t h  a c i d ,  c l a y  loam,  h o r i z o n  o f  t r a n s i t i o n  
c o n s t i t u t e d  of s m a l l  p l a t e s  o f  marl a few mm t h i c k  j u x t a p o s e d  to  ve ry  f i n e  
a n g u l a r  c l a y e d  a g g r e g a t e s  s t u c k  on t h e  l a y e r s ,  ve ry  few p o r e s ,  no r o o t s ,  
v e r y  f i r m ,  h a r d ,  c . l ea r  smootll boundary .  ILC H o r i z o n ,  100 - 1SO cm ob- 
s e r v e d ,  g ray -o range  (7 .5  YR 6 / 3 )  d r y ,  g ray -b rovn  ( 7 . 5  Y R  5 /3 )  m o i s t ,  no 
coarse e l e m e n t s ,  v e r y  h i g h  e f f e r v e s c e n c e  w i t h  a c i d ,  mar ly  m a t e r i a l  c u t  up i n -  
t o  p o l y h e d r o n s  and  p l a t e s  i n c r e a s i n g  t h e i r  d i m e n s i o n s  w i t h  d e p t h ,  f rom a f e u  
mm C O  5-6 cm, v e r y  m a s s i v e ,  v e r y  h a r d ,  no p o r o s i t y ,  no r o o t s . ,  C l a s s i f i c a -  
- t i o n :  "Yermosol h a p l i c o "  ( F . A . O . ) ,  Cambor th id  ( so i l - t axonomy) .  The t o p  6u 
c m  of t h e  s o i l  are  c o n s t i t u t e d  by a m a t e r i a l  o f  c o l l u v i a l - a l l u v i a l  o r i g i n ,  
formed by a m i x t u r e  of f i n e  e a r t h  and of c o a r s e  e l e m e n t s .  T h i s  a l l o c h t o n o u s  
s u p p l y  h a s  come to c o v e r  t h e  o r i g i n a l  m a t e r i a l ,  c o n s t i t u t e d  of a mar ly  rock  
a l t e r e d  i n  i t s  u p p e r  p a r t .  The c e x t u r e  ( T a b l e  l ) ,  from sandy-loam on t h c  
s u r f a c e ,  changes  r a p i d l y  t o  c l a y e d ,  t h e n  c l ay - loam t o  s i l t - l o a m  a t  t h e  l e v e l  
of t h e  bed rock .  The pH is over  8 and t h e  c o n d u c t i v i t y  is low ( 1  - 2 
mahosfcm). The c o n t e n t  i n  c a l c i u m  i n c r e a s e s  from cl ic  t o p  t o  t h e  bot tom o f  
t h e  p r o f i l e ,  from 12 t o  3 7 % ;  we d e a l  w i t h  a p r i m a r y  c a l c i u m  c a r b o n a t e ,  o f  
l i t h o l o g i c  o r i g i n .  The o r g a n i c  matter i n  l o w  q u a n t i t y  ( l e s s  t h a n  1%) is 
w e l l  d e v e l o p e d ,  w i t h  C/N r a t i o s  v e r y  l o w  c l o s e  t o  6 .  

P r o f i l e  MOG 2 .  L o c a l i z e d  i n s i d e  t h e  "mogote." Ground s u r f a c e  formed 
of micro-eounds  of t u f f s  o f  t l i l a r i a  m u t i c a  a l t e r n a t i n g  w i t h  d e p r e s s i o n s  
1 0  cm deep  c r e a t e d  by t h e  f o o t s t e p s  of b o v i n e s  d u r i n g  we: p e r i o d s .  Vegcta-  
t i o n  w i t h  a g l o b a l  c o v e r  o f  5 0  t o  60%, w i t h  h e r b a c e o u s  sc ra t . 3  and s h r u b  
s t r a t a .  

-~ A l l  H o r i z o n ,  O - 4 E D ,  l i g h t  b rowni sh  g r a y  ( 7 . 5  SK 7/2) d r y ,  brown 
(7.5 YI; 4 / 3 )  m o i s t ,  h i g h  e f f e r v e s c e n c e  w i t h  a c i d .  c o a r s e  e l e m e n t s ,  5% c o v e r ,  
g r a v e l l y ,  loam,  f i n e  s u b a n g u l a r  b l o c k y  s t r u c t u r e  ( t e n d e n c y  t o  g r a n u l a r ) ,  f e u  
p o r e s ,  f r i a b l e ,  s o f t ,  few f i n e  r o o t s ,  c l e a r  smooth boundary .  A12 H o r i -  
-- z o n ,  4 - 18 cm, g r a y - o r a n g e  ( 7 . 5  Y R  6 . 5 1 3 )  d r y ,  g r a y - b r o m  ( 7 . 5  YK 5/31 
moi s t ,  h i g h  e f  l e r v e s c e n c e  w i t h  a c i d ,  c o a r s e  c l e m e n t s  , 2UL c o v e r ,  g r a v e l l y  I 

sandy  c l a y ,  s t r o n g  f i n e  a n g u l a r  b l o c k y  s t r u c t u r e ,  feu p o r e s ,  v e r y  f i n e  
p o r e s ,  t u b u l a r  and  i n t e r - g r a n u l a t e  p o r o s i t y ,  f i r m ,  f i n e  and medium i n c l i n e d  
r o o t s ,  g r a d u a l  smoo th  boundary .  B21 H o r i z o n ,  18 - 50 cm, g r a y - o r a n g e  
( 7 . 5  Y R  6 / 3 )  d r y ,  g r a y - b r o a  ( 7 . 5  YK 5 / 4 )  m o i s t ,  h i g h  c f f e r v e s c e n c e  wich  ac- 
i d ,  c o a r s e  e l e m e n t s ,  25% cover ,  g r a v e l l y ,  s a n d y  c l a y  loam, weak f i n e  a n g u l a r  
b l o c k y  s t r u c t u r e ,  t endency  t o  m a s s i v e ,  f e w  f i n e  pdrcs  , t u b u l a r  and i n c e r g r a n -  
u l a r  p o r o s i t y ,  v e r y  f i r m ,  few f i n e  and medium I i o r i z o n r n I  and i n c l i n e d  rC)otS, 
g r a d u a i  smooth boundary .  822 H o r i z o n ,  4 0  - 6 0 1 7 0  cm, g r a y - o r a n g c  ( 7 . 5  
SR 7/3) d r y ,  g r a y - o r a n g e  ( 7 . 5  YR 6 / ? )  m o i s t ,  h igh  e f f e r v c s r e n c r  w i t h  a c i d ,  



TABLE 2 .  A n a l y t i c a l  d a t a  f o r  t h e  HOG 2 p r o f i l e .  

I 

T e x t u r e  (0 -2  mm f r a c t i o n ) %  O r g a n i c  CEC E l e c t r i c a l  
D e p t h  H o r i z o n  C l a y  s i l t  Sand PH Carbon N i t r o g e n  C / N  C a c o 3  (meq/  C o n d u c t i v i t y  
(cm) N a t e r  ( X I  ( X I  * ( X I  1 0 0 s )  (mmho/cm) 

A l  1 14.3 42.3 43 .4  8 . 1  1.70 0.042 4 0 . 5  25.8 13 .3  1.0 O -3 

A l  2 38.6 6.0 5 5 . 4  8 . 2  O .  50 0 , 0 4 2  1 1 . 9  2 2 . 5  1 5 . 3  O .  6 

a21 27.4 14.4 58 .2  7 . 4  O .  28 0 , 0 5 0  5.6 20.5 22.4 O .  65 

6-14 

25-33 

48-58 

71-79 11823 39 .4  42 .4  18.2 8 . 4  

822  29.4 18.4 52 .2  8 . 2  o .  22 0 , 0 2 2  10 .0  19.9 20 .4  u. 5 

o ,  75 21 .3  33.7 -- - --- --- 

O 
l- 



1 1  
c o a r s e  e l e m e n t s ,  352 c o v e r ,  g r a v e l l y ,  f e u  s c o n e s  of v o l c a n i c  r o c k ,  sandy 
,-]it" l o a m ,  massjvc, s t r i ~ ~ t i ~ r p .  V P Y Y  hinr? \.or\' f j r m .  V P : V  f + s .  . . - O ' .  i n t e r -  
g r a ~ i u l a c e  p o r o s i t y ,  !eu t i n e  v e r t i c a l  anò i n c l i n e d  r o o t s ,  a b r u p r  u n d u l a c l n g  
b o u n d a r y .  I I B 2 3  I l o r i z o n ,  h 0 / 7 U  - 85 /95  cm, g ray -o range  ( 7 . 5  Y K  6 . 5 1 3 )  
d r y ,  Sray-brown t o  g r a y - o r a n g e  ( 7 . 5  Y R  5.5/3) moist, n o  c o a r s e  e l e m e n t s .  . 
v e r y  h i g h  e f f e r v e s c e n c e  v i t h  a c i 2 ,  r i a ?  I r r a n ,  s t r o n g  n e d j c ~  .?!:~;~,!l~r b l o c k y  
c , r r u c c u r e ,  Í e u  f i n e  and medium t u h u i a r  ¡ , o r e s ,  v e r y  f i r n ,  :eu 1ine r o o t s .  
g r a d u a l  undulating boundary .  I l E 3  H o r i z o n ,  85/95 - 110 cm, r r a n s i r i o n  
h o r i z o n  c o n s t i t u c e d  of f i n e  e a r t h ,  v i t t i  a c l a y e d - s i l t y  t e x t u r e ,  i n  f i n e  poly-  
I i e d r a l  a g g r e g a t e s ,  j u x t a p o s e d  t o  p l a t e s  of m a r l ,  medley of c o l o r s ,  w i th  
b r o w  and l i g h t - b e i g e  a r e a s ,  f e u  p o r e s ,  no c o a r s e  e l e m e n t s ,  v e r y  l i igh  e f f e r -  
v e s c e n c e  t o  a c i d ,  v c r y  few f i n e  and v e r y  f i n d  r o o t s ,  f i r m ,  g r a d u a l  smooth 
boundary .  H o r i z o n ,  110 - 140 cm o b s e r v e d ,  v e r y  l i t t l e  a l t e r a c e d  

1 m a r l ,  c u t  up i n  p l a t e s  and  p o l y h e d r o n s ,  no r o o t s ,  no c o a r s e  e l e m e n c s ,  very 
h i g h  e f f e r v e s c e n c e  t o  a c i d .  C l a s s i f i c a t i o n :  "Yermosol h a p l i c o "  (F.A.O.!, 
Cambor th id  ( s o i l - t a x o n o m y ) .  Very s i m i l a r  p r o f i l e ,  m o r p h o l o g i c a l l y  and ana- 

T l y t i c a l l y  ( T a b l e  2 )  C O  HOC 1 abovemenc íoned ,  bu t  i n  compar i son  C O  t h e  l a t t e r  
w e  n o t e  a s t r o n g e r  p r o p o r t i o n  of c o a r s e  e l e m e n t s  in t h e  u p p e r  p a r t  of t h e  
p r o f i l e ,  o f  c o l l u v i a l - a l l u v i a l  o r i g i n ,  and  a c o a r s e r  t c x t u r e  ac medium d e p t h  
a n d  f i n e r  a t  t h e  b a s e .  But  ' o v e r a l l  we noce  t h e  i n f l u e n c e  o €  t h e  p l a n t  c o v e r  
wh ich  i s  p r e s e n c ;  a s  a g r e a t e r  q u s n t i t y  of r o o t s ,  v e l 1  s c a t t e r e d  i n  clle p ro -  
f i l e  and  d o m  t o  a d e p t h  o f  l m ,  when t h e y  d i d  n o t  go unde r  60 cm i n  t h e  HOC 
1 p r o f i l e  w i t h  a l o c a l i z e d  r e p a r t i t i o n  and i n  s m a l l  q u a n t i t y ,  a s  t h e  c o n c e n t  
i n  o r g a n i c  c a r b o n  o f  che  s u p e r f i c i a l  p a r t  of t h e  s o i l  vh ic l l  rracltes 1.72. 
I t  i s  a v e r y  u n d e v e l o p e d  o r g a n i c  n a t ~ e r  s i t h  a h igh  ( 4 0 )  C / N  o r i g i n a t i n g  
f rom t h e  p e r i o d i c  s u p p l i e s  t o  t h e  bedd ing  ground ( o f  l e a v e s  e s s e n t i a l l y ) .  
B u c  che g r e a t e s t  p a r t  of t h i s  "humus" m i n e r a l i z e s  ve ry  q u i c k l y ,  s i n c e  fro:li 

che  A12 h o r i z o n  on we f i n d  a g a i n  a low c o n t e n t  and C / N  s i m i l a r  [o t h o s e  o t  
p r o f i l e  HOC 1. The i n f l u e n c e  of t h i s  o r g a n i c  m a t t e r  on t h e  c I 1 a r a c t e r i s c i c S  
a Í  t h e  s o i l ,  c o n b i n e d  w i t h  a r e l a c i v e  abundance  of r o o c s ,  i s  i m p o r t a n t  be- 
c a u s e  i t  f a v o r s  a t  l c a s t  i n  che uppe r  20-33 cm, a f i n e r  a n d  more roundcd 
structure ( t e n d e n c y  t o  g r a n u l a r )  w!iicli, g i v i n g  a b e t t e r  . a e r a t i o n  atid cl 

b e t t e r  p a r c s r c y  CO t h e  s o i l ,  i n c r e a s e s  p e r n s a b i l i t y .  B u t  tilis i n f l u e n c e  i s  
l i m i t e d  t o  c h e  u p p e r  p a r c ,  s i n c e  from a d e p t h  of  30 c m ?  u e  f i n d  a g a i n  
compac t  h o r i z o n s ,  w r y  f e u  p o r e s ,  and v e r y  l i t t l e  p e r m e a b i l i t y .  

-- 

1 

P r o f i l e  H Q c _ f i .  L o c a t e d  on t h e  u p h i l l  l i m i t  of t h e  " m O g O C e , "  i s  i d e n -  
t i c a l  t o  HOC 1 and HOC 2 ,  a s  w e l l  i n  the  s u c c e s s i o n  of  p e d o l o g i c  l i o r i zo l i s  
and  o f  m a t e r i a l s  as  i n  che  a n a l y t i c a l  c h a r a c t e r i s t i c s  ( T a b l e  3 ) .  We Cdn 
n o t e ,  a t  m o s t ,  clic i n f l u e n c e  of t h e  p r o x i m i t y  of t h e  "mogote,"  whose v e g e t a -  
t i o n  by i t s  f a l l o u c s  of rough  o r g a n i c  m a c t e r ,  p rovokes  a n  i n c r e a s e  of t h c  . 
c o n t e n t  i n  hurnus of che  s u p e r f i c i a l  P a r t  of che s o i l  ( 1 2  o f  o r g a n i c  c a r b o n  
w i t h  a C / N  c l o s e  CO 2G),  wh ich  s t i l l  s t a y s  l o u e r  LO vliac we h a v e  o b s e r v c d  i n -  
s i d e  t h e  "mogote" i t s e l f .  T h i s  i n c r e a s e  i n  che o r g a n i c  m a t t e r  c o n c e n t ,  i s ,  
h o w e v e r ,  s u f f i c i e n t  t o  pro,voke a b e g i n n i n g  of  a m e l i o r a t i o n  of che p h y s i c a l  
p r o p e r t i e s  o f  t h e  s u r f a c e  s o i l  ( a e r a t i o n ,  p o r o s i c y ,  s c r u c c u r e )  a n d  a n  i n -  
c r e a s e  i n  p e r m e a b i l i t y  wh ich  w i l l  f a v o r  a b e t t e ;  i n f i l t r a t i o n  o f  r u n o f f  va -  
t e r  i n  c h i s  z o n e , ' j u s t  u p h i l l  of che '"ogoce." 

T h i s  u p h i l l ,  a r e 3  a b o v e  t h e  "mogote" is d i v i d e d  i n t o  t w o  z o n e s :  1 )  a n  
" a r r i v a l "  o r  "p?onecr"  z o n e ,  a b o u t  8 f f i  v i d e ,  l o c a c e d  i m m e d i a t e l y  u p h i l l  o f  
che  "mogote,"  a n d  2 )  a " t r a n s i t "  o r  " g r a v e l l y "  zone which l i e s  b e t w e e n  t h e  
" p i o n e e r "  zone  and t h e  u p h i l l .  I n  t h e  " t r a n s i t "  z o n e ,  t h e  s u r f a c e  of t h e  
s o i l  i s  c o v e r e d  by a b o u t  50 - 60% of g r a v e l s  and of a few s t o n e s  of mixed 
n a c u r e  ( b a s a l t ,  s a n a s t o n e ,  l i m e s t o n e ) .  Betueen t h o s e  c o a r s e  e l e m e n t s ,  t l l e  
s u r f a c e  of t h e  s o i l ,  when d r y ,  is smooth and no t  t o o  p o r o u s ,  w G c h ,  combined  
wich  a h i g h  P r o P o r t i o n  of  g r a v e l s ,  c r e a c e s  an env i ronmen t  more f a v o r a b l e  to 
r u n o f f  chan t o  i n f i l r r a t i o n .  I n  :he " p i o n e e r "  z o n e ,  t t te u p p e r  p a r t  of t h e  

1 
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. s o i l  is  c o n s t i t u t e d  of a film abou t  1 c m  t h i c k ,  of s i l t y  t e x t u r c  ( 5 2  - 661 

o f  c l a y  and s i l t ,  of which 40 - SOX is  s i l t ) ,  w i t h o u t  c o a r s e  e l emzncs ,  vh ich  
c o n t r a s t s  c l e a r l y  w i t h  t h e  c o r r e s p o n d i n g  p a r t  o f  t h e  ' " t r a n s i t "  ZOFE s o i l ,  of  
e s s e n t i a l l y  s a n d y  t e x t u r e  (28 - 40% c l a y  a n d  s i l t ,  of which 16 - 21% 1s 
s i l t ) ,  and c o n t a i n i n g  numerous g r a v e l s .  We c a n  noce t h e  absence  of c o a r s c  
e l e m e n t s  o n  t h e  s o i l  s u r f a c e  of t h i s  ' ' p i o n e e r "  zone. The s i l t y  s u p c c f i c l a l  
f i l m ,  unde r  t h e  d e s í c c a n c  a c c i o n ,  s p l i t s  t o  become d i s j u n c c l v e  polyhedrons  
w i t h  t u r n e d  up e d g e s ,  which f a v o r s  i n f i l t r a t i o n  a t  t h i s  l e v e l  i n  che 
u n d e r l y i n g  h o r i z o n s  w i t h  a sandy t e x t u r e  and  a good p o r o s i t y .  We should  
n o t e  i n  c h i s  " a r r i v a l "  a r e a  the  g r e a t  number of s e e d l i n g s  of T r i d e n s  pul -  
c h e l l u s ,  S i d a  l e p r o s a ,  and  S p h a e r a l c e a  a n g u s t i f o l i a .  ~- 

During  r a i n y  p e r i o d s ,  and a c c o r d i n g  t o  t h e  s t a t e  o €  t h e  s u r f a c e  of Clic 
s o i l ,  p a r t i c u l a r  dynamics  t a k e  p l a c e  i n  t h e  va te r  p r o c e s s i n g  from che u p l i i l l  
area t o  d o w n h i l l  o f  t h e  "mogute." The  " g r a v e l l y "  a r e a ,  no t  ve ry  f a v o r a b l e  
t o  i n f i l t r a t i o n ,  v i t n e s s e s  t h e  c r e a t i o n  and  o r g a n i z a t i o n  of a n  ex:ensive run- 
o f f ,  which i s  c o n s i d e r a b l y  slowed down when i t  r e a c h e s  t h e  "mogote," i n  clle 
" a r r i v a l "  a r e a .  The l a t t e r ,  due t o  t h e  morpho logy  of i t s  s u r f a c e ,  is f a v o r -  
a b l e  t o  i n f i l t r a t i o n ,  and so complementary  va te r  ' s u p p l y  o c c u r s  i n  t h e  " a r r i v -  
a l "  a r e a ,  and is l i k e l y  t o o  i n  t h e  u p h i l l  p a r t  O E  t h e  "mogote." These  w a t e r  
dynamics  can o n l y  h e l p  t h e  deve lopment .  and  i n c r e a s e  of t h e  v e g e t a t i o n ,  e s s e n -  
t i a l l y  u p h i l l  of t h e  "mogote ,"  and t h e  p r o g r e s s i v e  c o l o n i z a t i o n  by che vese-  
t a t i o n  of cile " a r r i v a l "  a r e a .  

A C  che "mogote" l e v e l ,  t he  p e d o l o g i c  c o v e r  i s  homogeneous and on ly  [l ie !  

s u r f a c c  p a r c  of t h e  ground r e g i s t e r s  n o t i c e a b l e  v a r i a t i o n s .  These e s s e n t i a l -  
l y  cone  from t h e  v e g e t a t i o n  c o v e r ,  whic l i ,  i n d i r e c t l y ,  impcovc cl i t .  p h y s i c a l  
p r o p e r : i e s  of t h e  g round :  s c r u c c u r e ,  p o r o s i t y ,  and  p e r m e a b i l i t y .  Th i s  re -  
s u l t s  i n  a p a r t i c u l a r  wa te r  dynamic up a n d  d o w n h i l l  of t h e  "mogote" uilicli 
p r o b a b l y  f a v o r s  a " r i s i n g "  o r  moving u p h i l l  of t h e  "mogote" i t s e l f  i n  [lie 
l o n g e r  r u n .  

CHARACTERISTICS O F  THE VEGETATION 

T a b l e  5 s h o w  t h e  r e p a r t i t i o n  of t h e  main s p e c i e s  a l o n g  clle [ r a n s e c t ,  
a c c o r d i n g  CO [ h e i r  i n c e r c e p t i o n  by s e g m e n t s  method . (Gouno t .  1969).  Ve can 

in.ik.z ouc e i g h t  g r o u p s  of s p e c i e s  a c c o r d i n g  t o  c h c i r  clinp!irudc nt' r e l i a r t l -  
c i o n .  The  f i r s t  g roup  o n l y  o c c u p i e s  the i n t e r f l u v e s  U C  [lie "uplic" b a j 3 d ; l ; "  
t h e y  a r c  c y p i c a l  s p e c i e s  of tlie d e s e r t  i n i c r u p h y l l  m a c o r r a l :  - F o u 2 i e r i J  --- 
s p l e n d e n s .  O p u n t i a  i m b r i c a r a ,  E u p h o r b i a  a n t i s y p h i l i t i c a ,  and (:35- 
[?lJ t o r c u o s a .  Thc second  group a p p e a r s  bocli i n  c h e  i n t e r l l u v c s  of [ I I C  

"uppe r  b s j z d a "  and  i n  t h e  ba re  a r e a s .  They  a r e  e s s e n t i a l l y :  Opun t i a  n i -  
a c r o d a s y s  , O p u n t i a  r a s t r e r a ,  E c h i n o c e r e u s  c o n g l o m e r a t u s ,  a n d  Agave 

n s p e r r i m a ,  i n  a d d i t i o n  t o .  which come . f e e b l e  q u a n c i c i e s  of Bahia abs inc i l -  
i f o l i a  and T r i d e n s  p u l c h e l l u s .  The t h i r d  g roup .  c o n c e r n s  clle spe l ' i zs :  
p r c s e n c  i n  t h e  r u n o f f  g u l l i e s  i n  t h e  "mogotes"  a n d  s'ometimes i n  clic n r r i v d l  

-__ -- 
-- 

zone v i t i 1  H i l a r i a ;  those  a r e -  s p e c i e s  wh ich  seem C U  need more favorable Il?- 
d r i c  c o n d i t i o n s ,  i n  a r e a s  wit¡: v a t e r  a c c u m u l a t i o n .  They a r e :  F l o u r c n s i a  
c e r n u a ,  P r o s o p i s  g l a n d u l o s a ,  H i l a r i a  m u t i c a ,  and  Tr ic l iac l ine  cal- 
i f o r n i c a .  Group f o u r  i s  made up of s p e c i e s  p e r t a i n i n g  t o  che "uppe r  bnj.1- 
d a , "  fo rming  t h e  " m a t o r r a l , "  but w i t h  a b r o a d e r  e x c e n s i o n  and which may a l s 0  
b? found i n  t h e  "mogotes ;"  t l i ey  a r e :  L a r r c a  t r i d e n c a t a ,  C o r d i a  g r e g -  
- R i ,  Opun t i a  l e p t o c a u l i s  v a r .  b r e v i s p i n a ,  and  J a t r o p l i a  d io i ; . a .  
T b e  f i f t h  g roup  l i m i t e d  t o  t h e  b a r e  a r eas  seems t o  be made up e s s e n c i a l l y  35  
c a c t i ,  which b e n e f i c  from Lhe l a c k  of c o n c u r r e n c e  of o t h e r  s p e c i e s ;  we I n d y  

- -- 
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TABLE 4 .  R e p a r t  
w i t h  s m a l l  c o v e r  

t i o n  o f  t h e  ma in  s p c i e s  a l o n g  t h e  t r s n s c c t ;  R ,  s e e d l i n g  
C,  s e e d l i n g .  

HAIN SPECIES 
Upper  Bare Hi l a r i a  
B a j a d a  A r e a s  Mogo tes  G r a s s -  

F o u q u i e r i a  s p l e n d e n s  
C a s t e l a  t o r t u o s a  - 
O p u n t i a  i m b r i c a t a  
E u p h o r b i a  a n t i s y p h i l i t i c a  
H a m m i l l a r i a  s p .  
A c a c i a  c o n s t r i c t a  

O p u n t i a  m i c r o d a s y s  
O p u n t i a  r a s t r e r a  
E c h i n o c e r e u s  c o n g l o m e r a t u s  

B a h i a  a b s i n t h i f o l i a  
T r i d e n s  p u l c h e l l u s  

F l o u r e n s i a  c e r n u a  
P r o s o p i s  R l a n d u l o s a  
H i l a r i a  m u t i c a  
S e t a r i a  s p .  
T r i c h a c h n e  c a l i f o r n i c a  
Pappophorum m u c r o n u l a t u m  
L i p p i a  g r a v e o l e n s  

J a t r o p h a  d i o i c a  
C o r d i a  g r e g i i  
M u h l e n b e r g i a  s p .  

a s p e r r i m a  

~- 

L a r r e a  t r i d e n t a t a  
O p u n t i a  l e p t o c a u l i s  

E s c o b n r i a  t u b e r c u l n s a  
O p u n t i a  s c c o t t i i  
P e n i o c e r e u s  g r e g g i i  
E c h i n o c e r e u s  s p .  
H a p l o p a p p u s  t r i a n t h u s  

B o u t e l o u a  b a r b a t a  
E r a g r o s t i s  s p .  
Pan icum h a  11 i i 

. C h l o r i s  s p .  
-- 
S p h a e r a l c e a  a n R u s c i f o i i a  
S i d a  l e p r o s a  

+ 
+ 
+ 
+ 
+ 
+ 
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T a b l e  4 (CONTINUED) I ! 1 5  

Upper  B a r e  Hi t a r i a  
MAIN SPECIES  B a j a d a  A r e n , ?  Hoeores C r a c < . -  

Land 

I n t e r -  G u l l i e s  F r o i i t  Body 
F l u v e s  

-- !i 

I :  

E u p h o r b i i l  a e n t o s a  
H o f f m a n s e g i a  g l a u c a  
H e l i o t r o p i u m  m o l l e  

P a r t h e n i u m  i n c a n u m  
A l o y s i a  l y c i o i d e s  
T r i c h l o r i s  c r i n i t a  

-- 

____ 

V i g u i e r s  s p .  
Comme l i n a  c o e  l e s  t i s  
P e r e z i a  n a n a  
S o l a n i u m  e l e a g n i f o l i u m  
I b e r v i l l o a  t e n u i s e c t a  

- Ziziphus o b t u s i f o l i a  
Koeber  l T n  i a  s p i n o s a  
O p u n t i a  v i o l a c e a  

-- ~ 

-_ 

+ t 

+ t  t 

t t t 

+ 
t 

t 

4 

+ 
t 

t t 

+ 

+ 
4 

+ 

I i d m ? :  Opuiicia s c h o c i i ,  E s c o b a r i a  t u b e r c u l o s a ,  P e n i o c e r e u s  u 
@, and - E c h i n o c e r e u s  s p . ,  t o  which i t  is f i t  t o  add Haplopappus t r i a n -  
- c h u s ,  wit i i  i i  l o o s e r  r e p a r t i t i o t i  and wliicti a p p e a r s  i n  r e r ~ , ì i n  " m a ~ o t t ' s . ' '  
Group s i x  i.; c o n s c i t u t c d  by c l i c  s p e c i e s  c s s e n c i a l l y  p r e s e n t  i n  rlie u p l l i  1 1  
edge of t l i ~  "mogote" c a l l e d  " i r o i i c , "  and i n c l u d e s  annui i l  spc.ric.s ntid 111.L 

~ c . 1 1  d c . ~ ~ > l o p l - ' d  c1 i~ :ncphyres :  B o u t e l o u a  b a r b a t a ,  E r a s r o s c i s  s p . ,  Pan i -  
cum h a l l i i ,  S p h a e r a l c 3 2  d n g u s t i f o l i a ,  S i d a  l e p r o s a ,  nncl -- Iloffinan- 
s e ~ g i a  g l a u c a .  Some or  t h e s e  s p e c i e s ,  a l s a  p r e s e n t  i n  tlic c l . i y c d  a r r i u > :  
z o z e ,  secm t o  be l i n k e d  t o  t h e  s o i l s  w i t h  a f a v o r a b l e  v a c e r  - b d l ~ i i r c  diio r i c l )  
i n  f i n e  d l e m e n t s .  The s e v e n c h  g roup  a p p e a r s  i n  o u r  a r e a  c ; t c I ~ i s i w e l j ,  i n  Clic 
dense  v d e g e c a c i o n  s c r i p e s  of che " n o g o t e s . "  They a r c . :  Partl ieil ium i n c a n -  
u ~ ,  A l o v s i a  l y c i o i d e s ,  T r i c h l o r i s  c r i n i t a ,  V i g ~ l i e r a  sp. and l 'ere- 

' z i a  n a n a . .  ' G r o u p  e i g h t  i s  made up of s p e c i e s  p e c u l i a r  C O  t i l e  a r r i v a l  Z O ~ Y  

w i t l i ' w ~ c e r  a c c u m u l a t i o n  and s u i 1  r i c h  i n  f i n e  e l e m e n t s  wlicrc r11c.y .~r .? . iss:):.i- 
d t e d  C o  i i i l a r i a ;  they  a r e :  Z i z i p h u s  o b t u s i f o l i a ,  K o e b e r l i n i a  s p i n -  
o s a ,  and O p u n r i a  v i o l a c e a .  

~- ~ 

-~ - -__ 

~~ --- 
-~ 
~- 

~- 
-- ____ -- 

Eacli v c d c c a t i o n  s t r i p e  has..:ì k j r k e t l  z o n i n z  of spec ie s  ~.:l~iclt Icd ti . ;  : v i  

J i s L i n g u i s l i  i i v e  a r s a S .  F i g u r e  4 shows ~ l i e  r e p r e s c l l t d t i o t l  U L  c i l ; l c  zui i ing 
3 c r a n s e c c  a c r o s s  a "mogote ,"  a i id  the r e p a r t i t i o u  o t  L I I ~  n a i n  sl"t.riP:s. F r w :  
J p h f l l  C O  d u u n h i 1 1  we J i s c i n g u i s l l  f i r s t  a € r o n c a l  zoi ic ,  a l i nos t  f l a t ,  p r c s e ~ i t -  
i n &  s u i ' e r i i c i a l  d e p o s i t s  of f i n e  e l e inencs .  c o l o n i z e d  by a l s>w : I I I ~  d i f i u s r  
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of t h e  w a t e r  a p p e a r  a s  t h e  e s s e n t i a l  f a c t o r ,  t h e  wind b e i n g  a weak s e c o n d a r y  
f a c t o r .  The o c c u r r e n c e  and f o r m a t i o n  o f  "brousse t t g r 6 e ' '  seems t o  
o r i g i n a t e ,  i n  a r i d  r e g i o n s ,  of a c o n j u n c t i o n  o f  f a c t o r s ,  bccween t h e  r e l i e f  
( u e a k  bu t  r e g u l a r  s l o p e :  0 .25 - l X ) ,  t h e  s o i l  ( r i c h l i e s s  i n  f i n c  elcinerlts  
and  l i t t l e  p e r m e a b i l i t y ) ,  and t h e  c l i m a t e  (rAre r a i n s ;  of l i igli  i n l c n s i t y ) ,  
w t i i c l i  l e a d s  t o  t h e  e x i s t e n c e  of an i m p o r t a n t  s l i ce t - f  IOU.  

As T'or tlic mechanism o i  i m p l a n t a t i o n  of t l t i s  ~ y p e  0 1  I'orllldLioli, GCCig- 
Smi th  ( 1 9 7 9 )  and  Whi t c  (1971)  llave cmi t t e d  two l i k e l y  i i y p l ) ~ l i e s c . s ,  one  bd!;cd 
O I I  a more o r  less hulaogclieous c o v c r ,  w i t h  c o n c c n t r a t i o i i  o f  clic vegc i ; i t io l i  
and d i s a p p e a r a n c e  o f  t h c  v e x e t a t i o n  i n  t h e  i n t e r s t r i p e s .  allti tlir o t l i c r  based 
on a n o n - e x i s t e n t  o r  very  l i t t l e  c o v e r ,  t h e  v e g e t a t i o n  s t r i p e s  form n a t u r a l  
b a r r i e r s  i n t e r r u p t i n g  t h e  r u n o f f .  

In o u r  ca se ,  t h e  h y p o t h e s i s  uh ich  i s  more l i k e l y  seeins t o  be l i n k e d  t o  
t h e  s l o w  g e o m o r p h o l o g i c  e v o l u t i o n  of a s l o p e  i n i t i a l l y  o c c u p i e d  by an  
a l r e a d y  complex  v e g e t a t i o n :  d e s e r t  m a t o r r a l  w i t h  d i f € e r e n t i a t i o n  of t h e  
i n t e r f l u v e s  and  g u l l i e s  of o r g a n i z e d  r u n o f f .  The  i m p l a n t e d  s p e c i e s  l i n k e d  
t o  t h e  r u n o f f  a x e s  l o c a l l y  form i s l a n d s  of d e n s e r  v c g e t a t i o n .  The p l a n t  
g r o u p  g e t s  s t r u c t u r e d  by forming  an o b s t a c l e  a g a i n s t  t h e  r u n o f f  and  i t  l e a d s  
t o  t h e  d i s a p p e a r a n c e  of t h e  d o w n h i l l  m a t o r r a l .  

The  s t a b i l i t y  o f  t h i s  t y p e  of p a t t e r n  depends  p a r t l y  o n  t h e  s t a b i l i t y  
of t h e  v e g e t a t i o n  s t r ipes ;  t h o s e  s e e n  t o  be  i n  e q u i l i b r i u m  w i t 1 1  t h e  c o n d i -  
c i o n s  of loca l  w a t e r  s u p p l y .  They p r e s e n t  dynamics  of u p s l o p e  m i g r a t i o n .  
T h e s e  d y n a m i c s  a p p e a r  t o  be s l o w  and i r r e g u l a r .  The d i s p l a c e m e n t  l i as  n o t  
been  m e a s u r e d .  . I t  a l s o  depends  p a r t l y  on t h e  s t a b i l i t y  o f  tlie b a r e  zones 
which  a r e  tlie a r c a s  f o r  tlie c o l l e c t i n g  and s u p p l y i n g  of w a t e r  t o  t h e  v e g e t a -  
t i o n  s t r i p e s ,  a n d  a c t  a s  n a t u r a l  impluviums.  . T h e i r  s t a b i l i t y  r e s u l t s  from 
t h e  d i f f i c u l t y  of i m p l a n t a t i o n  u f  t h e  v e g e t a t i o n ,  c s s c n t i a l l y  r e l a t e d  t o  clic 
state o f  tIir s u r i a c c  of t h e  s o i l s :  l a y e r  O E  g r a v e l s ,  s e a l i n ; ; ,  poor  perinc- 
a b i l i t y ,  bu t  a l s o  t o  tlie sweeping  of t l ic s e e d s  by t l ie wind i n  t i le d r y  s e a -  
s o n .  I t  t h e n  seems t l i a t  t h i s  t y p e  of p a t t e r n  h o l d s  a s t a b l e  e q u i l i b r i u m  in  
r r l a t i o n . v i t h  tile f a c t o r s  of ttie e x i s t i n g  e n v i r o n m e n t :  s o i l ,  r e l i e f  and  c l i -  
ma te  a n d  p e r h a p s  c o n s t i t u t e s  an  e f f i c i e n t  a d a p c a t i o n  t o  t h e  u t i l i z a t i o n  or' 
w a t e r  i n  t h i s  a r i d  e n v i r o n m e n t .  
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