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Variat ions in t ime and space of s o m e physical and chemical 
variables in the Bernesga river ( L e o n , Spain) 
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The chemical composit ion of the river Bernesga has been evaluated throughout four seasonal sampling s tudies at twelve 
sampling points . The tendency towards an increase in mineral izat ion all along the river can be observed when us ing a 
principal component analysis to the complete data gathered. A temporal differentiat ion based on the var ia t ions which 
affect the flow ra te th rough out the yea r is also established. 

The spatial organizat ion defined by the second component enables us to use the scores a s the starting point in o r d e r 
to de te rmine the value of the chemical d is tance be tween the different sampl ing s ta t ions . The con t ra s t between the chemi­
cal and actual d is tance gives an overall view of t he river, which is a reflection of what happens on its course wi th regard 
to its chemical processes . 

VariaUons spatio-temporelle de la c o m p o s i t i o n physico-ehimique de la rivière Bernesga ( L e o n , Espagne). 

Mots clés : Physico-chimie, rivières. 

12 s tat ions ont été échant i l lonnées aux 4 saisons pour é tudier la composi t ion ch imique des eaux de la rivière Bernesga. 
L'analyse de l 'ensemble des données pa r une méthode en composantes pr incipales révèle une augmentat ion de la minéra­
lisation le long de la rivière. Des différences temporel les liées aux var ia t ions qui affectent le volume d'eau au c o u r s des 
saisons sont également établies. 

L 'organisat ion spat ia le définie pa r la seconde composan te nous permet de dé te rmine r une dis tance chimique e n t r e les 
différentes s ta t ions . La compara i son en t re la d is tance chimique et la d is tance réelle donne un reflet général des p roces sus 
chimiques qui se déroulent su r le cours de la rivière. 

1. Introduction 

A f l uv i a l s y s t e m s h o u l d b e r e g a r d e d a s a f u n c t i o ­

n a l c o n t i n u u m ( M a r g a l e f 1983). T h e c o n c e p t of a 

r i v e r a s a c o n t i n u u m p u t f o r w a r d b y V a n n o t e et a l . 

(1980) w h i c h is b a s e d o n t h e g r a d i e n t a n a l y s i s , 

c o n s i d e r s t h e r i v e r c o u r s e a s a l o n g i t u d i n a l l y 

c o n n e c t i n g s y s t e m , w h e r e t h e p r o c e s s e s w h i c h t a k e 

p l a c e a l o n g t h e l o w e r s t r e t c h e s a r e l i n k e d t o t h e 
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p r o c e s s e s t h a t d e v e l o p a l o n g t h e u p p e r s t r e t c h e s . 

T h i s c o n c e p t g i v e s u s a g e n e r a l idea a s t o h o w t o 

r e g a r d r i v e r s a s h e t e r o g e n e o u s s y s t e m s ( O ' N e i l l e t 

a l . 1979). 

T h e c h e m i c a l c o m p o s i t i o n of r i ve r s , u n d e r n a t u ­

r a l c o n d i t i o n s , i s c o n t r o l l e d by a se r i e s of f a c t o r s 

( G o r h a m 1961 , G i b b s 1970) s u c h a s c l i m a t e , v e g e t a ­

t i on a n d t o p o g . a p h i c a n d g e o l o g i c a l c h a r a c t e r i s t i c s 

of t h e c a t c h m e n t a r e a . C a p b l a n c q & T o u r e n q (1978) 

r e c o g n i z e a g r e a t e r d e p e n d e n c y of the c a t c h m e n t 

a r e a l i t o log i ca l c h a r a c t e r i s t i c s for a t e m p e r a t e z o n e 

a n d t o t h i s , t h e i n f l u e n c e of h u m a n a c t i v i t i e s m u s t 

b e a d d e d . 
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I n t h e B e r n e s g a r i v e r , t h e l a s t of t h e s e f a c t o r s 

a c q u i r e s s p e c i a l r e l e v a n c e s i n c e t h e w a t e r c o m p o ­

s i t i o n is a f f e c t e d b y b u i l t - u p a r e a s a l o n g t h e r i v e r 

w h i c h c a u s e a lot of p o l l u t i o n in s o m e c a s e s of i ndus ­

t r i a l o r i g i n . 

T h i s p a p e r m a y b e c o n s i d e r e d a s a c o n t i n u a t i o n 

of t h e s t u d y c a r r i e d o u t b y F e r n a n d e z e t a l . (1987), 

w h i c h h a s b e e n u s e f u l in c h a r a c t e r i z i n g t h e rivers 

w i t h i n t h e B e r n e s g a c a t c h m e n t a r e a , s p e c i a l l y f r o m 

a c h e m i c a l p o i n t of v i e w . I n t h i s p a r t i c u l a r c a s e , t h e 

s t u d y is e x c l u s i v e l y r e l a t e d to t h e r i v e r w h i c h g i v e s 

i t s n a m e t o t h i s w a t e r s h e d a n d t r i e s t o a n a l y s e i t s 

f u n c t i o n a l d y n a m i c s f r o m the c h e m i c a l c o m p o s i t i o n 

of t h e w a t e r p o i n t of v i ew . T h e c h e m i c a l p i c t u r e de r i ­

v e d f r o m t h i s a n a l y s i s w i l l a l l o w u s t o e v a l u a t e t h e 

t e m p o r a l v a r i a b i l i t y a n d t o e s t a b l i s h h o w h u m a n 

e n v i r o n m e n t a l c o n d i t i o n s a f fec t iL 

2. Description of the study area 

T h e B e r n e s g a f l o w s f r o m n o r t h t o s o u t h in L e o n 

p r o v i n c e ( N o r t h w e s t S p a i n ) (fig. I). I t s s o u r c e is 

s i t u a t e d n e a r P a j a r e s m o u n t a i n P a s s , a t a n a l t i t u d e 

of 1 6 0 0 m , a n d f l o w s i n t o t h e E s l a r i v e r a f t e r a n 

80 k m c o u r s e a p p r o x . H a v i n g p a s s e d L e o n c i t y , t h e 

T o r i o , i t s m a i n t r i b u t a r y c o m i n g f r o m t h e left, j o i n s 

i t . 

T h e u p p e r p a r t of i t s c o u r s e , w h i c h is a n a l m o s t 

c o m p l e t e m o u n t a i n o u s w a t e r s h e d , m a i n l y f l ows 

t h r o u g h p a l a e o z o i c soi l of g r e a t l i t o l o g i c a l v a r i e t y 

w i t h c a r b o n i f e r o u s m a t e r i a l s h a v i n g t h e g r e a t e s t 

c o m p l e x i t y a n d s u p e r f i c i a l e x t e n s i o n . L i m e s t o n e is 

c o m m o n in t h i s a r e a a n d f o r m s t r a t a w i t h q u a r t z , 

s h a l e a n d s a n d s t o n e . I n L a R o b l a , o n e of t h e m a i n 

b u i l t - u p a r e a s , t h e r i v e r l e a v e s i t s m o u n t a i n r e l i e f 

a n d f l o w s i n t o a f l a t a r e a w h e r e t e r t i a r y m i o c è n e 

so i l g a i n s a r e i m p o r t a n t . I t is m a d e u p of c l ay , s a n d -

s t o n e a n d m a r l m i x e d d e t r i t a l q u a r t z s e d i m e n t of 

a l o o s e q u a r t z g r a v e l n a t u r e ( r a n a s ) . 

U p t o L a R o b l a , t h e B e r n e s g a f l o w s t h r o u g h a n 

a r e a of w a r m , f r e s h h u m i d M e d i t e r r a n e a n t y p e cl i ­

m a t e ( P a p a d a k i s 1961). Af te r t h i s p o i n t a n d u p t o i t s 

f l o w i n g i n t o t h e E s l a it p a s s e s t h r o u g h a n a r e a of 

w a r m , d r y M e d i t e r r a n e a n t y p e a n d o n l y a l o n g a 

s h o r t s t r e t c h w h e r e it j o i n s t h e E i s a d o e s it f l o w 

t h r o u g h a n d a r i d t y p e c l i m a t e , w h i c h P a p a d a k i s defi­

n e s a s a s e m i - a r i d , s e m i - w a r m c o n t i n e n t a l M e d i t e r ­

r a n e a n t y p e c l i m a t e . 

Fig. I. Geographic situation of the river Bernesga and loca­
tion of sampling stat ions. 

T h e m e d i t e r r a n e a n t y p e c l i m a t e is r e f l ec t ed in t h e 

river's h y d r o s y s t e m . T h e l a rge r f loods u s u a l l y o c c u r 

in M a r c h a n d A p r i l w h i l e t h e f low r a t e fa l l s d u r i n g 

s u m m e r . T h e o v e r a l l B e r n e s g a s y s t e m m a i n l y 

d e p e n d s on t h e c o n t r i b u t i o n s of t h e u p p e r a r e a of 

t h e w a t e r s h e d , to s u c h a n e x t e n t t h a t t h e r e a r e n o t a ­

b l e d i f f e r e n c e s in t h e w a t e r v o l u m e o v e r a y e a r l y 

p e r i o d ( F e r n a n d e z 1986). 

3 . Methodology 

T w e l v e s a m p l i n g s t a t i o n s on t h e r i v e r w e r e vis i ­
t e d in a u t u m n 1985 a n d in t h e w i n t e r , s p r i n g a n d 
s u m m e r of 1986 [fig. 1). T h e p H , d i s s o l v e d 
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Fig. 2 . Distr ibut ion of the physical-chemical and the geographical variables on the planes defined by a ) components I a n d 
II , and b) I and III. 

o x y g e n c o n c e n t r a t i o n , w a t e r t e m p e r a t u r e a n d 
c o n d u c t i v i t y w e r e m e a s u r e d . In e a c h w a t e r s a m p l e 
c o l l e c t e d a t e a c h s t a t i o n , t h e f o l l o w i n g p a r a m e t e r s 
w e r e a s s e s s e d in t h e l a b o r a t o r y : t o t a l a l k a l i n i t y 
( v o l u m e t r i c m e t h o d , G o l t e r m a n e l a t . 1979), m a g n e ­
s i u m ( c o m p l e x i o m e t r i c m e t h o d . S t a n d a r d M e t h o d s 
1980), s u l p h a t e ( t u r b i d i m e t r i c m e t h o d . S t a n d a r d 
M e t h o d s 1980) a n d t o t a l s o l i d s in s u s p e n s i o n (fi l tra­
t ion m e t h o d , R o d i e r 1981). P h o s p h a t e c o n c e n t r a t i o n 
( M u r p h y & Ri l ey 1962), s i l i c a t e s ( S t a n d a r d M e t h o d s 
1980), n i t r i t e s ( S h i n n 1941) a n d n i t r a t e s ( S t a n d a r d 
M e t h o d s 1975) w e r e all a s s e s s e d u s i n g the c o l o r i m e -
t r i c m e t h o d . S e l e c t i v e O r i o n e l e c t r o d e s ( m o d e l s 
9 9 - 1 7 B , 95-12, 97 -11 , 93-19 a n d 93-20 r e s p e c t i v e l y ) 
w e r e u s e d in t h e c h l o r i d e , a m m o n i a , s o d i u m , p o t a s ­
s i u m a n d c a l c i u m a n a l y s i s . T h e a l t i t u d e a n d the dis­
t a n c e to t h e m o u t h w e r e a l s o c a l c u l a t e d . 

S t a t i s t i c p r o c e s s i n g of t h e d a t a w a s c a r r i e d o u t 
u s i n g a p r i n c i p a l c o m p o n e n t a n a l y s i s a n d f o l l o w i n g 
t h e « F a c t o r A n a l y s i s B M D P 4 M » p r o g r a m m e (1982). 
A t r a n s f o r m a t i o n of t h e x — log (x + 0,001) t y p e fo r 

all v a r i a b l e s e x c e p t fo r t h e p H w a s p e r f o r m e d (Cas-
sie 1963, I b a n e z 1971). 

4. Results 

T h e r e s u l t s o b t a i n e d w e r e e v a l u a t e d u s i n g a p r i n ­
c i p a l c o m p o n e n t a n a l y s i s in o r d e r to f ind o u t h o w 
d i f f e r e n t c o n d i t i o n s w h i c h fo l low o n e a n o t h e r 
t h r o u g h o u t a s e a s o n a l c y c l e h a v e an e f fec t o n t h e 
b e h a v i o u r of t h e v a r i a b l e s a n a l y s e d a n d o n t h e 
p h y s i c a l - c h e m i c a l p a t t e r n of t he river. 

T h e f irst t h r e e f a c t o r s of t h i s ana lys i s g ive 62 ,85 % ' 
of t h e t o t a l v a r i a n c e . S o d i u m , a m m o n i a , c h l o r i d e 
a n d s o l i d s in s u s p e n s i o n a r e t he p a r a m e t e r s w i t h a 
h i g h e r p o s i t i v e c o r r e l a t i o n w i t h r e g a r d t o t h e f i r s t 
a x i s (25,62 %) c o n t r a r y to d i s s o l v e d o x y g e n w h i c h 
is a s s o c i a t e d w i t h t he n e g a t i v e e n d of this a x i s (/ig. 2). 
T h i s ax i s c a n be iden t i f i ed w i t h a n e n r i c h m e n t w i t h 
t h o s e v a r i a b l e s d i r e c t e l y r e l a t e d t o the i n f l u e n c e of 
h u m a n a c t i v i t i e s a l o n g the r i ve r , wh ich , a t t h e s a m e 
t i m e , d e c r e a s e t he c o n c e n t r a t i o n of d i s s o l v e d 
o x y g e n . 
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Fig. 3 . Ar rangement of the sampling stat ions on the plane defined by two first principal compxinents. For each a regres­
sion Hne has b e e n d r a w n up using the values of different samplings. 

A l k a l i n i t y a n d c a l c i u m a r e a t t h e p o s i t i v e e n d of 
c o m p o n e n t 11, w h i l e a l t i t u d e a b o v e sea level of e a c h 
s t a t i o n a n d t h e i r d i s t a n c e f r o m the m o u t h a r e a t t h e 
n e g a t i v e e n d . T h i s p a t t e r n o b v i o u s l y r e f l e c t s t h e 
g e n e r a l t e n d e n c y w h i c h a p p e a r s a l o n g a riverbed 
w i t h a p r o g r e s s i v e i n c r e a s e in t h e sa l t c o n t e n t (Mar­
ga l e f 1983). T w o p o i n t s s h o u l d b e n o t e d w i t h r e g a r d 
t o t h i s g r a d i e n t ; t h e f i r s t i s t h e a s s o c i a t i o n of p h o s ­
p h a t e s w i t h C a + + e t H C 0 3 ~ c o n c e n t r a t i o n s ; t h e 
s e c o n d is t h e l a c k of a g o o d r e l a t i o n s h i p b e t w e e n 
t h e t e n d e n c y d e f i n e d b y s e c o n d c o m p o n e n t a n d 
c o n d u c t i v i t y , b e c a u s e t h e i n f l uence of s u l p h a t e s a n d 
c h l o r i d e s h a v e o n t h i s p a r a m e t e r . C I ^ a n d S 0 4 
a r e c l e a r l y l i n k e d t o t h e p o l l u t i o n e x p r e s s e d b y t h e 
f i r s t a x i s . 

A c l e a r c o n t r a s t b e t w e e n n i t r a t e s , d i s s o l v e d oxy­
g e n a n d s i l i c a t e s , w h i c h a p p e a r l i n k e d a t t he pos i ­
t ive e n d , a n d t e m p e r a t u r e , w h i c h r e m a i n s i s o l a t e d 
a t t h e o p p o s i t e e n d {fig. 2 ) a p p e a r s o n t he t h i r d a x i s 
(13,46 % ) . S u c h a d i s p o s i t i o n can be exp l a ined by t h e 
i nve r se r e l a t i o n s h i p b e t w e e n w a t e r t e m p e r a t u r e a n d 
oxygen so lub i l i ty , a n d by the i nc r ea se of the concen­
t r a t i o n of n i t r a t e s in a u t u m n a n d w i n t e r , c o i n c i d i n g 
w i t h a d r o p in t e m p e r a t u r e a n d a r e d u c t i o n of 
p h o t o s y n t h e s i s . 

T h e a r r a n g e m e n t of s a m p l i n g s t a t i o n s o n the 
p l a n e d e f i n e d by t h e f i r s t a n d s e c o n d c o m p o n e n t s 
(fig. 3) v a r i e s c o n s i d e r a b l y in a u t u m n a s s t a t i o n 
11 m o v e s t o w a r d s t h e p o s i t i v e e n d of t he f i r s t 
c o m p o n e n t , o w i n g t h e a b n o r m a l l y h i g h levels of 
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Fig. 4 .Gr-aphical compar ison between the chemical and geographical d is tances of the sampl ing stat ions and the represen­
tation of the angle of the straight line between two successive s tat ions as an express ion of tfie ra te of change in the i r 
chemical composi t ion. 
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c o n d u c t i v i t y , t o t a l s o l i d s in s u s p e n s i o n , c h l o r i d e s 
a n d a n i m o n i a . T h i s s i t u a t i o n m a y h a v e a r i s e n 
b e c a u s e of t h e c o i n c i d e n c e a t t h e t i m e of s a m p l i n g 
w i t h a h i g h l y p o l l u t e d w a t e r f lood f r o m u p s t r e a m . 

I n s u m m e r , t h e s e q u e n t i a l a r r a n g e m e n t d o e s no t 
a l w a y s r e m a i n t h e s a m e a l o n g t h e s e c o n d a x i s a s 
t h e r e i s n o c l e a r l y d e f i n e d t e n d e n c y t o w a r d s a n 
i n c r e a s e in m i n e r a l i z a t i o n a l o n g t h e m i d d l e s e c t i o n , 
b e t w e e n s t a t i o n 5 t o 9. At t h e l a t t e r s t a t i o n a t L e o n 
c i ty , b e f o r e t h e s e w e r o u t l e t s , t he a l k a l i n i t y a n d cal ­
c i u m leve l s d r o p c o n s i d e r a b l y . 

T h e f i r s t c o m p o n e n t r e f l e c t s s e a s o n a l d i f f e r e n c e s 
of t h e s a m p l i n g s t a t i o n s . T h e r e d u c t i o n in f low r a t e 
t h r o u g h o u t t h e y e a r , c a u s e a n e n r i c h m e n t in c h l o ­
r i d e s , s o d i u m , a m m o n i a a n d s u l p h a t e s , a n d a n 
a c c e n t u a t i o n of t h e p o l l u t i o n {fig. 3). 

T h e e f fec t of L e o n c i t y s e w a g e o n t h e c h e m i c a l 
c o m p o s i t i o n of t h e w a t e r in s a m p l i n g s t a t i o n s fu r ­
t h e r d o w n f r o m t h e c i t y (10,11 a n d 12) c a n c l e a r l y 
b e s e e n in s u m m e r o w i n g to t h e sh i f t of t h e s e s ta ­
t i o n s t o t h e p o s i t i v e e n d of t he f i rs t ax i s . T h i s d é m o n ­
t r â t e s t h e l a r g e r v a r i a t i o n of t h e c h e m i c a l c o m p o ­
s i t i o n a l o n g t h e r i v e r in t h e s u m m e r p e r i o d , w h i l e 
a l a r g e r h o m o g e n e i t y , w i t h r e g a r d t o t h e g r a d i e n t 
d e f i n e d b y t h e s e c o n d c o m p o n e n t , a p p e a r s in t h e 
w i n t e r . 

If w e c o n s i d é r e r t h e d i s p e r s i o n of a s t a t i o n o n a 
p l a n e d e f i n e d b y the f i r s t t w o c o m p o n e n t s , t h e 
d e g r e e of s e a s o n a l v a r i a t i o n w h i c h t a k e s p l a c e in i ts 
c h e m i c a l c o m p o s i t i o n c a n be e v a l u a t e d . R e g r e s s i o n 
l i n e s w h i c h b e l o n g t o e a c h s a m p l i n g s t a t i o n h a v e 
b e e n d r a w n u p for th is r e a s o n , a n d f r o m t h e r e s u l t s , 
t h e s l i g h t e s t v a r i a b i l i t y t h r o u g h o u t t h e y e a r l y p e r i o d 
a t s t a t i o n s t w o a n d f o u r c a n b e s e e n , w h i l e t h e g r e a ­
t e r d i f f e r e n c e s o c c u r in s t a t i o n s s ix a n d t e n w h i c h 
a r e d i r e c t l y a f f e c t e d by t h e u r b a n a r e a s o f La R o b l a 
a n d L e o n r e s p e c t i v e l y . 

c o m p o n e n t , c o n v e r t e d in k i l o m e t e r s a n d s t a n d a r d i ­
z e d t o t he r ea l l e n g t h of t h e r i v e r h a v e b e e n cons i ­
d e r e d a s c h e m i c a l d i s t a n c e . 

T h e r e p r e s e n t a t i o n of t h e c h e m i c a l a s o p p o s e d to 
t h e g e o g r a p h i c a l d i s t a n c e s m a k e s it p o s s i b l e to 
d e t e c t t h e c h a n g e s in t he c h e m i c a l c o m p o s i t i o n a t 
s e v e r a l s t a t i o n s a l o n g the u p p e r c o u r s e of the r ive r . 
S t a t i o n s 1, 2, 3 a n d 4 s h o w a l a r g e r c h e m i c a l diffe­
r e n c e t h a n g e o g r a p h i c a l d i s t a n c e . Th i s p e r f o r m a n c e 
a t t he s t a t i o n s a l o n g t h e u p p e r p a r t of t h e r i v e r h a s 
b e e n f o u n d by S a b a t e r & A r m e n g o l (1985) in t h e 
r i v e r T e r . I t r e f l e c t s t he effect t h a t s m a l l p o l l u t e d 
d i s c h a r g e s h a v e on a n u n b u f f e r e d a n d s c a r c e l y 
m i n e r a l i z e d w a t e r . In t h e B e r n e s g a , t h e s e i m p a c t s 
a r e l i m i t e d t o t he i m p a c t of m i n e s s i t u a t e d b e t w e e n 
s t a t i o n s 1 a n d 2, a n d t h e e f f e c t s c a u s e d b y t h e villa­
ges of t h e a r e a ( B u s d o n g o , V i l l a n u e v a d e la T e r c i a 
a n d V i l l a m a n i n ) . H o w e v e r , in t h e s t a t i o n s 5 to 9 t h e 
c h e m i c a l d i s t a n c e s a r e s m a l l e r t h a n c o u l d b e expec ­
t e d w h e n c o n s i d e r i n g t h e i r g e o g r a p h y : a u n i f o r m i t y 
in the c h e m i c a l c o m p o s i t i o n is p r o d u c e d w h i c h con­
f i r m s t h e g e n e r a l t e n d e n c y p o i n t e d o u t by M a r g a ­
lef (1983) a n d S a b a t e r & A r m e n g o l (1985) t o w a r d s 
a s t a b i l i z a t i o n in t h e c h e m i c a l c o m p o s i t i o n a n d t h e 
a c q u i s i t i o n of a c h e m i c a l i n e r t i a a s d r a i n e d s u r f a c e 
i n c r e a s e s . T h e s m a l l i m p a c t w h i c h the i n d u s t r i a l ci ty 
of La R o b l a h a s o n the p a t t e r n s in t h e r i ve r , c o m p a ­
r e d w i t h t h e p e r t u r b a t i o n s in t h e i n i t i a l s t r e t c h of 
t h e c o u r s e , c a n be e x p l a i n e d b e c a u s e of t h i s iner ­
t ia . H o w e v e r , t h i s s t a b i l i t y d o e s no t p e r s i s t b e c a u s e 
d o m e s t i c a n d i n d u s t r i a l s e w a g e s d r a s t i c a l l y m o d i f y 
t he c h e m i c a l c o m p o s i t i o n of t he w a t e r in t h e f inal 
c o u r s e a n d ampl i fy the c h e m i c a l d i s t a n c e in r e l a t i on 
w i t h t h e g e o g r a p h i c a l d i s t a n c e . T h e p a t t e r n s of s ta ­
t i o n s 10 a n d 11 w h i c h a r e d i r e c t l y a f f e c t e d b y t h e 
s e w a g e a r e s i m i l a r . A p r e d o m i n a n c e of t h e p o l l u t i n g 
p r o c e s s ove r the in f luence w h i c h the u p p e r s t r e t c h e s 
e x e r t c a n , t h e r e f o r e , b e e s t a b l i s h e d , a n d , a s a 
c o n s e q u e n c e , a d i s c o n t i n u i t y of t h e r i v e r ' s f u n c t i o n s 

5,. Discussion 

' T h e p r i n c i p a l c o m p o n e n t a n a l y s i s d e m o n s t r a t e s 
a s p a t i a l o r g a n i z a t i o n of t h e c h a n g e s of t h e c o n c e n -
t i^a t ions of d i s s o l v e d s a l t s in t h e B e r n e s g a . A c h e -
n i i c a l d i s t a n c e c a n b e e s t i m a t e d for e a c h s t a t i o n a n d 
i t ' c a n b e c o m p a n e d w i t h t h e g e o g r a p h i c a l d i s t a n c e . 
T h e v a l u e s w h i c h c o r r e s p o n d to t he s e c o n d p r i n c i p a l 

T h e s e r e s u l t s c a n b e o b t a i n e d b y p l o t t i n g t h e 
l i n e a r s l o p e of t h e l i ne w h i c h l i nks t w o s u c c e s s i v e 
s t a t i o n s (fig. 4). T h r e e s t r e t c h e s c a n b e d i s t i n g u i s ­
h e d : t h e f i r s t ( s t a t i o n s 1-4) a n d t h e t h i r d ( s t a t i o n s 
10-12) w i t h a h i g h e r s l o p e t h a n 1 : 1 a n d a s e c o n d 
(4-9) w i t h a s m a l l e r s l o p e . T h e r e f o r e c h e m i c a l l y t h e 
r i v e r l e n g t h e n s in t h e f i rs t a n d t h i r d s t r e t c h e s a n d 
s h o r t e n s in t h e s e c o n d . 
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