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T h e M i r g e n b a c h reservoir (vol . : 7.3 M m ' , a rea : 90 h a , m e a n d e p t h : 7.7 m) is a safety a n d t h e r m a l w a t e r buffer 
for the nuc lea r p o w e r s t a t ion in C a t t e n o m (Eas te rn F r a n c e ) . W a t e r used for coo l ing is p u m p e d out o f river Mose l l e , 
fi l tered, o v e r h e a t e d , c o n c e n t r a t e d by e v a p o r a t i o n in the a t m o s p h e r i c coo l ing towers that d i scharge the cooled w a t e r i n to 
this artificial l ake where it c o n t i n u e s t o coo l . T h e levels of t e m p e r a t u r e , conduc t i v i t y , ha rdness a n d eu t roph i s ing c a p a c i ­
ties a re higher t h a n t h o s e of r iver Mose l le wa te r s . T h e hydrob io log jca l s t udy was c o n d u c t e d f rom Apr i l 1986 t o D e c e m ­
ber 1988. Before A u g u s t 1986, t h e l ake h a d developed to a d imic t ic s t ra t i f ied type . Immed ia t e ly a f te r the first i n p u t 
in A u g u s t 1986, it deve loped t o w a r d s a po lymic t ic uns t ra t i f ied type . T h e oxygen levels, the conduc t iv i ty , t h e p H a n d 
t h e t e m p e r a t u r e were h o m o g e n e o u s f rom sur face t o b o t t o m e v e r y w h e r e in the reservoir at a n y l i m e . 

T h e t roph ic level s t u d y has enab l ed us to invest igate t h e in t e r r e l a t ionsh ips be tween t h e physical a n d chemica l f a c to r s , 
a n d the b iocénoses in which the re la t ionsh ips be tween t h e v a r i o u s t r o p h i c levels cou ld be obse rved . Cons ide r ing t h e level 
of e u t r o p h i c a t i o n a n d t h e a m o u n of b i o m a s s p r o d u c e d , exp lo i t a t i on o f the algal a n d fish p r o d u c t i o n s was p r o p o s e d . 
App l i ed s tudies a r e p l a n n e d : t h e a q u a c u l t u r e of the green a lga Hydrodictyon a n d in tensive fish f a r m i n g in f loa t ing ne ts 
wi th a n add i t i on of d ry Hydrodictyon in artificial feeding. 

Evolution trophique d'un réservoir aux eaux échauffées : Centre Eleclronucléaire de Cattenom, Moselle, France-Région Est 

M o t s clés : Réservoi r ar t i f ic iel , phys ico-ch imie , eaux échau f f ée s , e u t r o p h i s a t i o n . 

Le réservoir d u M i r g e n b a c h (Vol : 7,3 M m ' , S : 90 h a . P r o f o n d e u r m o y e n n e : 7,7 m ) cons t i tue une source d ' e a u de 
sécuri té et un mil ieu t a m p o n p o u r la cen t ra le é lec t ronuc léa i re d e C a t t e n o m (F rance -Rég ion Es t ) . L ' e a u est p o m p é e en 
rivière Mose l le , fi l trée, é chau f f ée , concen t r ée p a r e v a p o r a t i o n d a n s les t o u r s de ré f r igéra t ion d o n t les e a u x de p u r g e t r a n ­
si tent p a r le réservoir en p o u r s u i v a n t leur re f ro id i ssement . Les eaux p r é s e n t e n t une t e m p é r a t u r e , une conduc t i v i t é , u n e 
d u r e t é et une c a p a c i t é d ' e u t r o p h i s a t i o n p lus élevées q u ' e n Mose l l e . L ' é t u d e h y d r o b i o l o g i q u e a été effectuée d ' A v r i l 1986 
à D é c e m b r e 1988. A v a n t le m o i s d ' A o û t 1986, la re tenue s 'est c o m p o r t é e c o m m e u n lac de type stratifié d l m i c t i q u e . 
D è s les p r e m i è r e s in jec t ions d e s e a u x d e p u r g e e n A o û t 1986, elle a é v o l u é ve r s u n t y p e p o l y m i c t i q u e . Les t e n e u r s en 
o x y g è n e , la conduc t i v i t é , le p H et la t e m p é r a t u r e sont h o m o g è n e s de la sur face a u f o n d , quel les que soient la s la r ion 
et la d a t e . 

L ' é t u d e du n iveau t r o p h i q u e a pe rmis de m e t t r e en év idence les in t e r r e l a t ions en t re les facteurs phys i co -ch imiques 
et la b iocénose avec ses d i f férents n iveaux t r o p h i q u e s . En t e n a n t c o m p t e du n iveau d ' eu t roph i sa f ion e t de la q u a n t i t é 
i m p o r t a n t e de b i o m a s s e p r o d u i t e , l ' exp lo i t a t ion des a lgues et d u chepte l piscicole est envisagée. Des études a p p l i q u é e s 
son t en c o u r s , telles q u e l ' a q u a c u l t u r e d e l ' a lgue verte « Hydrodictyon » et la p i sc icu l tu re intensive en filets f l o t t a n t s 
avec i n c o r p o r a t i o n de m a t i è r e sèche algale à la r a t i on a l i m e n t a i r e . 
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1 . Introduction 
N u c l e a r p o w e r s t a t i o n s a r e u s u a l l y l o c a t e d a l o n g ­

s i d e m a j o r r i v e r s w h e r e r e a c t o r c o o l i n g w a t e r is r e a ­

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

f o r t h i s p u r p o s e i n c r e a s e s . T h e d i s c h a r g e o f t h e s e 

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

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

g e n ( L a i r e t a l . 1 9 8 0 ) . T h e n u c l e a r p o w e r s t a t i o n a t 

C a t t e n o m (4 x 1 ,300 M W ) is o r i g i n a l i n b e i n g l o c a ­

t e d 3 k m f r o m R i v e r M o s e l l e . I t w a s t h e r e f o r e n e c e s ­

s a r y t o c r e a t e a n a r t i f i c i a l s a f e t y r e s e r v o i r : « t h e 

M i r g e n b a c h » . T h e l i g h t n e s s o v e r h e a t e d d r a i n i n g 

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

v o i r . T h i s s p e c i f i c s i t u a t i o n is o f a g r e a t i n t e r e s t f o r 

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

v a l o r i z a t i o n p r o j e c t s . 

2 . Site description 
T h e m a i n f e a t u r e s o f t h e « M i r g e n b a c h » r e s e r ­

v o i r (fig. 1) a r e a s f o l l o w s : V o ! u m e - 7 . 3 M m ' ; 

a r e a - 9 0 h a ; m e a n d e p t h - 7 . 7 m ; e l e v a t i o n - 1 7 9 . 5 m . 

I t s m a j o r p u r p o s e is t o s e rve a s a s a f e t y w a t e r r e s e r v e 

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

w a t e r s o f t h e c o o l i n g - t o w e r s ( 2 . 7 m ' s ~ ' f o r t w o 

r e a c t o r s ) . T h e m e a n r e s i d e n c e t i m e o f t h e w a t e r i s 

2 0 d a y s w i t h t w o r e a c t o r s w o r k i n g . T h e r e is n o 

r a d i o a c t i v e i s o t o p e s r e l e a s e in t h e r e s e r v o i r ; t h e y 

a r e d i r e c t l y m i x e d in t h e r e j e c t b a s i n b e f o r e p o u r i n g 

i n t o t h e M o s e l l e r i v e r . T h e d e s c a l i n g a n d d e f o u l i n g 

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

a s c h l o r i n e ; t h e r e is o n l y u s e o f h y d r o c h l o r i c a c i d . 

T h e p r e s e n c e o f h e a v y m e t a l s i n c o n n e c t i o n w i t h 

n o r m a l c o r r o s i o n o f p i p i n g w i l l b e e x a m i n e d 

s e p a r a t e l y . 

T h e w a t e r f r o m R i v e r M o s e l l e is s u b m i t t e d t o 
v a r i o u s t r e a t m e n t s in t h e h y d r a u l i c c i r c u i t b e f o r e 
r e a c h i n g t h e c o o l i n g t o w e r s : 

a ) g r a t i n g a n d f i h r a t i o n ( 0 2 m m ) ; 

b ) o v e r h e a t i n g ( 4 0 ° C ) ; 

c ) a d d i t i o n o f H C l . 

T h e l a k e w a s f i l l ed u p f r o m A p r i l t o O c t o b e r 

1 9 8 5 . T h e i n p u t o f o v e r h e a t e d w a t e r s h a s b e e n e f f e c ­

t e d s i n c e A u g u s t 1 9 8 6 . T h e h y d r o b i o l o g i c a l i n v e s t i ­

g a t i o n w a s c a r r i e d o u t f r o m A p r i l 1 9 8 6 t o D e c e m ­

b e r 1 9 8 8 . 

3. Methods 
F i e l d p H , d i s s o l v e d o x y g e n , 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 m e a s u r e m e n t s w e r e m a d e u s i n g a 

p o r t a b l e m u l t i p a r a m e t r i c p r o b e ( V T W ) a l o n g ver 

t ical a n d l o n g i t u d i n a l t r a n s e c t s a t f ive s t a t i o n s (Fig 

1 : 1 t o 5 ) . W a t e r s a m p l e s w e r e c o l l e c t e d p e r i o d i ­

c a l l y ( o n c e o r t w i c e m o n t h l y ) a n d a n a l y z e d f o r sali 

n i t y , h a r d n e s s , a l k a l i n i t y , s u s p e n d e d m a t t e r s , B O D . 

p h o s h o r u s , n i t r o g e n c o m p o u n d s a n d s i l ica ( A F N O R 

s t a n d a r d s ) . W a t e r t r a n s p a r e n c y w a s d e t e r m i n e d wi th 

a Secch i d i sk ( V o l l e n w e i d e r 1974) . C h l o r o p h y l l a wa^ 

e x t r a c t e d w i t h 9 0 % a c e t o n e . C h l o r o p h y l l c o n c e n 

t r a t i o n s w e r e c a l c u l a t e d u s i n g L o r e n z e n ' s (1967) 

m o n o c h r o m a t i c e q u a t i o n . T h e d a i l y r a t e o f p r i m a r > 

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

g e n m e t h o d ( V o l l e n w e i d e r 1 9 6 5 , D e s c y e t a l . 1987) 

P h y t o p l a n k t o n w a s c o l l e c t e d w i t h a n e t ( 3 0 c m in 

d i a m e t e r , 100 c m d e l o n g ; m e s h s i ze 3 4 ^ m ) ; 2 8 0 

1 w e r e f i l t e r e d o n a n a v e r a g e . Z o o p l a n k t o n w a s co l ­

l e c t e d w i t h a C l a r k e - B u m p u s a u t o m a t i c p l a n k t o n 

s a m p l e r ( N e t 12 .5 c m i n d i a m e t e r , 9 0 c m l o n g ; m e s h 

s ize 7 5 ^ m ) f r o m t h r e e d e p t h s ( s u r f a c e , m i d - d e p t h , 

n e a r - b o t t o m ) ; 2 5 0 0 1 w e r e f i l t e r e d o n a n a v e r a g e . 

T h e b e n t h o n w a s s a m p l e d a t 50 c m d e p t h w i t h a b e n 

t h o m e t e r ( 0 3 0 c m ) in t h e l i t t o r a l z o n e ( B l t o B5 

Fig. 1) a n d w i t h a r t i f i c i a l s u b s t r a t e s i m m e r s e d a t t w o 

d e p t h s f o r t h r e e w e e k s in t h e c e n t r a l z o n e . P l a n k ­

t o n ( a l g a e , Hydrodictyon e x c e p t e d + b a c t e r i a + 

z o o p l a n k t o n + d e t r i t u s = A l b a z o d ) a n d b e n t h o n 

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

a t 6 0 ° C in a v a c u u m o v e n f o r 2 4 h o u r s . F i s h w a s 

c a u g h t w i t h gill n e t s , i d e n t i f i e d b y j a w t a g , a n d re lea­

s e d . T h e e s t i m a t i o n o f p o p u l a t i o n w a s m a d e b y t h e 

P e t e r s e n m a r k - r e c a p t u r e m e t h o d ( R o b s o n & Rég ie i 

1 9 6 4 ) . 

4. Results 

4.1. Physical and chemical characteristics ( T a b l e 1). 

T h e w a t e r q u a l i t y is b a s i c a l l y i d e n t i c a l t o t h a t o f 

t h e w a t e r p u m p e d o u t o f t h e R i v e r M o s e l l e ; it h a s 

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

w i t h o v e r h e a t i n g a n d a c o n c e n t r a t i o n o f d i s s o l v e d 

s a l t s m u l t i p l i e d b y 1 .5 , a s a c o n s e q u e n c e o f e v a p o ­

r a t i o n i n t h e c o o l i n g t o w e r s . T h e s e a r e t h e s i t e o f 

e f f i c i e n t c o o l i n g , o u t g a s s i n g , o x y g e n a t i o n a n d 

d é c a n t a t i o n w h i c h wi l l h a v e a f a v o u r a b l e i n f l u e n c e 

o n t h e l eve l s o f t e m p e r a t u r e , N H ^ + , N O j " , B O D j 

a n d C O D . 

T h e r e s e r v o i r f u n c t i o n e d a s a t e m p e r a t e h o l o m i c -

t ic d i m i c t i c l a k e ( H u t c h i n s o n & L o f f l e r 1956) b e f o r e 

t h e f i rs t i n p u t in A u g u s t 1 9 8 6 . T h e s u m m e r s t r a t i f i ­

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



(3) TROPHIC EVOLUTION OF A RESERVOIR WITH OVERHEATED WATERS 89 

Fig . 1 : M a p of « M i r g e n b a c h » Reservoir a r e a showing s a m p l i n g sites (1 to 5 cen t ra l zone for p l a n k t o n i c o r g a n i s m s ; 
B l t o 3 5 ; L i t e r a l z o n e for ben th ic f a u n a ) . 

b e t w e e n 5.5 a n d 6.5 m , t h e n d i s a p p e a r e d a s s o o n 
a s t h e w a t e r s w e r e m i x e d in A u g u s t . O v e r a l l m e a ­
s u r e m e n t s o f t h e t e m p e r a t u r e , t h e d i s s o l v e d o x y g e n , 
t h e c o n d u c t i v i t y a n d t h e p H c u r r e n t l y s h o w h o m o ­
g e n e i t y a l o n g v e r t i c a l o r t r a n s v e r s a l t r a n s e c t s {fig. 
2 a n d T a b l e I ) . 

A c c o r d i n g t o t h e e f f i c i e n c y o f t h e c o o l i n g t o w e r s , 
t h e o v e r t h e a t i n g o f t h e w a t e r in t h e M i r g e n b a c h l a k e 
r a n g e b e t w e e n + 5 ° C in w i n t e r a n d + 1° C in s u m ­
m e r in c o m p a r i s o n w i t h t h e a n n u a l d i s t r i b u t i o n o f 
t e m p e r a t u r e i n t h e M o s e l l e r i v e r {fig. 3 ) . 

C o n s e q u e n t l y , t h e w a t e r o f t h e l a k e n e v e r f r e e z e in 
w i n t e r a n d d i s p l a y a less o v e r h e a t i n g in s u m m e r ; 
in a l l s e a s o n , t h e g a i n o f t e m p e r a t u r e is p r o p e r t o 
t h e b i o l o g i c a l d e v e l o p m e n t . 

T h e t r o p h i c level is i n d i c a t e d b y f o u r m a j o r v a r i a ­
b l e s : P h o s p h o r u s , N i t r o g e n , S i l i c a a n d 
t r a n s p a r e n c y . 

T h e p h o s p h o r u s c o n c e n t r a t i o n s w e r e very l o w in 
s u m m e r 1 9 8 6 ( t o t a l p h o s p h o r u s : 4 ^ g P l ' i n 
A u g u s t , a n d P 0 4 ^ ~ n o t m e a s u r a b l e ) . T h e n t h e y 
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F i g . 2 . Vert ical i s o t h e r m a l p ro f i l e s of « M i r g e n b a c h Like ». His to ry f r o m 1986 t o 1988. 
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T a b l e 1 : M e a n (m ) , m i n i m u m ( m i n ) , m a x i m u m (max) va lues of phys ica l a n d chemica l d a t a f rom 1986 to 1988 a t the 
cen t ra l s ta t ion (St 3 ) , c o m p a r e d t o c u m u l a t e d a t a of all s t a t i ons (St 1 t o St 5) in 1988 a n d wi th m e a n d a t a of River 
Mose l le at C a t t e n o m . 

Mirgenbach resc rvoir 

1986 1987 1988 
St 3 

1988 
all 

data 

Moselle 
river 
1988 

Parameters 
min m max min m max min m max min m max min m max 

Température °C 6 15.7 22.6 6 15.5 23.5 9.3 15.3 24 9.2 15 24.3 5 13,3 23.8 

Dissolved 0 ^ 
m g l - 1 ^ 8.5 10.8 12.4 9.9 11.2 15.1 9.2 10,3 14.5 7.4 9.52 14.3 2.7 9.7 13.2 

Conductivity \xS 1.250 1.325 1,380 1.043 1.200 1,570 1.340 1.555 1,730 1.333 1.560 1,761 770 1,235 1,700 

pH 7.6 7.9 8.2 7.9 8.16 8.4 8 8.38 8.5 7.93 8.34 8.8 7.6 7.9 8.3 

SOi,mgl 90 104.8 125 87.5 105.72 120 105 133 189 97.5 127.9 188.4 70 104 170 

C f m g r ^ 273 309.3 330 300 359 439 281 401 562 238.8 403.25 551 161 297 390 

N a * m g r 84 115.3 135 90 97 107 84.5 129.4 173 84.7 1287 173.2 48 108 170 

2 . - 1 
C« mgl 

4.9 6.66 8 5.9 6.88 11.2 6 1 9.6 13.1 6,1 9 12.9 4.6 6.7 9.2 
2 . - 1 

C« mgl 98 128.8 164 160 171 186 118.4 183 241 142 185 241.6 109 145 176 

Mg mgl 17.1 24.3 15.2 17.23 19.5 18 20,6 27.1 18 20.6 27 9.9 18,1 26 

Hardness 
C a C O j m g r 340 392.7 510 462 498 545 370 542 716 429 547 715 332 406 454 

Alkalinity 
CaCOjmgl- ' ' 107 135 144 142.5 164 190 137 166 237.5 138 173 237 100 148 163 

MESTmgl"'' 0.6 3.33 11.1 2.1 4.27 6.8 1.6 4.5 7.3 3.9 5.5 11.4 2.4 31,8 140 

BOD O^ragl"'' < 5 < 5 < 5 < 5 <5 

N O j m g N P ' ' 0.012 0.029 0.068 0.009 0.049 0.112 0.004 0.055 0,116 0.003 0.054 0.117 0.014 0,064 0.105 

N03m.jNr'' 0.44 0.872 2.07 0,78 1.44 2.65 1.41 2.46 3,81 1.39 2.47 3.96 0.97 1.8 3.3 

NHjmgNl" ' ' 0.02 0.29 0.94 0.00 0.11 0.29 0.03 0.12 0.32 0.01 0.11 0.32 0.02 0,33 0.87 

N (Kjeldhal) 
m g N P ' ' 0.50 0.90 1.54 0.1 0.5 1.5 0.2 2.2 4.0 0.2 2.16 5.4 0.3 2.57 9.7 

PO^IKgPr'' 0.002 0.052 0.194 0.019 0.155 0.275 0.186 0.322 0.630 0.162 0.318 0.630 0.074 0.292 0.495 

P total mgP r ' ' 0.004 0.099 0.257 0.248 0.325 0.466 0.200 0.353 0.640 0.170 0.360 0.920 0.248 0.456 0.651 

Si mgl"'' 0.35 1.70 3.95 0.22 2.20 6.75 0.31 4,65 lO.OO 0.25 4.63 11,00 1.6 52 8.6 
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O re jec t p o i n t • • M i r g e n t i a c h 

1986 1987 1988 
Fig . 3 . T e m p e r a t u r e profi le of the Mi rgenbach lake t o compare with those of the Moselle river (Ups t ream a n d reject poini 

rose t o m a x i m a l v a l u e s o f 6 3 0 ^ g 1 " ' in P 0 4 ^ ^ a n d 
6 4 0 ^ g P 1 ' in t o t a l p h o s p h o r u s in 1988 . T h e m e a n 
i n p u t f r o m t h e R i v e r M o s e l l e w a s 4 4 0 ^ g P I " ' i n 
t o t a l P . 

F r o m 1 9 8 6 , o n w a r d s n i t r o g e n c o n c e n t r a t i o n s 
i n c r e a s e d r a p i d l y ( 1 . 8 0 m g N I ' i n 1 9 8 6 , 4 . 7 2 m g N 
1 ^ ' i n 1988 f o r t o t a l n i t r o g e n ) . O n a n a v e r a g e , 
n i t r a t e s a m o u n t e d l o 6 0 % o f t o t a l n i t r o g e n w h i l e 
a m m o n i u m d e c r e a s e d . 

D i s s o l v e d s i l i c a w a s a l w a y s present i n t h e l a k e . 
T h e m i n i m a l v a l u e ( 2 2 0 ^ g S i O j l " ' i n A u g u s t 1987) 
e x c e e d e d t h e a m o u n t n e c e s s a r y f o r t h e g r o w t h o f 
d i a t o m s ( f r o m 6 4 t o 8 5 . 6 ^ g S i O j l " ' ) ( J o r g e n s e n 
1 9 5 7 ) . T h e m a x i m a l v a l u e s a r e 10 m g S i 0 2 l ~ ' ) in 
w i n t e r 1 9 8 8 . 

T h e t r a n s p a r e n c y h a s d e c r e a s e d r e g u l a r l y a n d c o n ­
s i d e r a b l y s i n c e 1 9 8 6 . T h e v e r t i c a l e x t i n c t i o n c o e f f i ­
c i e n t ( k e m ~ ' = 1 . 7 6 / S e c c h i d e p t h in m ) c o m p a t i ­
b l e w i t h V o l l e n w e i d e r ' s d a t a ( 1 9 7 4 ) c h a n g e d f r o m 
0 . 5 9 m - ' i n 1 9 8 6 t o 1.24 m " ' in 1 9 8 8 , c a u s i n g a 
r e d u c t i o n of t h e e u p h o t i c z o n e f r o m 7 . 8 t o 3 . 7 m . 

4.2. Biological characterislics and Iheir variation 

Phytoplankton dynamics 

D i a t o m s e x c e p t e d , a l g a e a r e c h a r a c t e r i z e d b y a 
l o w d i v e r s i t y ( a b o u t 30 t a x a ) . C y a n o p h y t e s still 
r e p r e s e n t e d a n i m p o r t a n t p a r t o f t h e b i o m a s s in 

1986 ; t h e y d e c r e a s e d in 1987 a n d d i s a p p e a r e d in 
1 9 8 8 . A m o n g t h e c h l o r o p h y t e s , Hydrodictyon reti-
culatum is p a r t i c u l a r l y n o t e w o r t h y . I t w a s f o u n d 
o n l y o n c e in 1 9 8 6 ; it a p p e a r e d r e g u l a r l y f r o m 
A u g u s t t o D e c e m b e r 1987 a n d 1 9 8 8 . T h i s b i o m a s s 
( 2 . 1 0 ' k g w e t w e i g h t , h a r v e s t e d in A u g u s t 1988) 
d e n o t e a h y p e r e u t r o p h i c a t i o n c r i s i s . T h e d i v e r s i t y 
of d i a t o m s v a r i e s f r o m 17 t o 81 t a x a . T h e m i n i m a l 
v a l u e s f r o m M a y t o S e p t e m b e r a r e l i n k e d t o t h e p r o ­
l i f e r a t i o n of c h l o r o p h y t e s a n d l a t e r o f Ceratiuiv-

T h e a v e r a g e a n n u a l c o n c e n t r a t i o n o f p h y t o p l a n k -
t o n i c b i o m a s s t r e b l e d f r o m 1986 t o 1987 , t h e n s t a ­
b i l i zed t o 7 . 3 2 m g m - 3 in 1988 ( T a b l e I I I ) . P e a k s 
in t h e d e v e l o p m e n t o f t h e p h y t o p l a n k t o n i c b i o m a s s 
c o u l d b e o b s e r v e d f r o m s p r i n g t o a u t u m n (Fig. 4 ) 
w i t h m a x i m a in J u l y e x c e p t in 1 9 8 6 , b e c a u s e o f n o t 
a n y i n f l o w o f w a t e r f r o m t h e c o o l i n g t o w e r s u n t i l 
A u g u s t 1986 ( P h o s p h o r u s b e c o m i n g a l i m i t i n g f a c ­
t o r : 4 ^ g Pl- i i n P t o t a l ) . 

T h e d a i l y r a t e p r i m a r y p r o d u c t i o n d e c r e a s e d 
d u r i n g t h e i n v e s t i g a t i o n ( 2 . 5 7 g C m ~ ^ d " ' in 1986 , 
1.78 g C m - ^ d - l in 1 9 8 8 ) . 

Zooplankton dynamics 

O n l y c r u s t a c e a n s w e r e s t u d i e d in t h e p r e s e n t inves­
t i g a t i o n , b e c a u s e o f t h e i r d o m i n a n t c o n t r i b u t i o n t o 
b i o m a s s . S i x t e e n s p e c i e s h a v e b e e n i d e n t i f i e d o v e r 
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1986 1 9 8 7 1988 

• — 
Fig . 4 . Va r i a t i on of p h y t o p l a n k t o n i c (h i s tograms) a n d z o o p l a n k l o n i c (-.-) b iomasses f rom 1986 lo 1988 . 

t h e p a s t t h r e e y e a r s . T h e d i v e r s i t y d u r i n g t h e p e a k s 
h a s v a r i e d f r o m 5 t o 11 s p e c i e s ( w i t h o n l y 6 s p e c i e s 
d u r i n g t h e s e c o n d y e a r ) . F i v e s p e c i e s r e c o r d e d t h e 
first y e a r d i s a p p e a r e d : Daphnia pulex, Daphnia 
magna, Cyclops vicinus, Macrocyclops albidus, 
Eudiaptomus vulgaris. T w o s p e c i e s w e r e p r e s e n t 
e a c h y e a r w i t h a h i g h l e v e l o f a b u n d a n c e : Daphnia 
longispina, Bosmina longirostris. F i v e s p e c i e s h a v e 
d e v e l o p e d : Thermocyclops crassus, Acanthocyclops 
robuslus, Eudiaptomus gracilis, Diaphanosoma 
brachyurum, Daphnia cucullata. F o u r n e w s p e c i e s 
h a v e a p p e a r e d : Ceriodaphnia pulchella. Leptodora 
kindtii, Bosmina coregoni, Eurytemora velox. 

I n 1 9 8 8 , t h e a v e r a g e v a l u e o f d e n s i t y f o r z o o ­
p l a n k t o n a t S t a t i o n 3 w a s 11 i n d i v i d u a l s I ~ M n w i n ­
t e r , 25 i n d 1 " ' a t t h e s p r i n g p e a k , 115 i n d 1 " ' a t t h e 
f i r s t s u m m e r p e a k a n d 2 2 0 i n d 1 ~ ' a t t h e s e c o n d 
s u m m e r p e a k . T h e m a x i m a l d e n s i t y w a s o b s e r v e d 
b e t w e e n o n e a n d f o u r m e t e r s d e p t h w i t h 133 i n d I " ' 
i n s p r i n g , 155 i n d 1 " ' a n d 4 7 0 i n d 1~ ' i n s u m m e r . 

T h e 1986 s p r i n g b i o m a s s ( A l b a z o d - Jig. 4 ) w a s 
n o t v e r y a b u n d a n t ( 0 . 2 g m ~ ^ ) . A c l e a r w a t e r 
p e r i o d w a s f o l l o w e d w i t h a m o d e s t i n c r e a s e a t t h e 
b e g i n n i n g o f s u m m e r ( 0 . 4 g m " - ' ) . T h e m a x i m u m 
d e v e l o p m e n t o c c u r r e d in t h e a u t u m n ( 1 . 6 g m " ^ ) , 
a s s o o n a s t h e i n f l o w o f w a t e r f r o m t h e c o o l i n g 
t o w e r s s t a r t e d . I n 1 9 8 7 , t h e first p e a k o f b i o m a s s 
h a p p e n e d in S p r i n g ( 0 . 7 g m ~ ^ in A p r i l ) . T h e n t h e 
c l e a r w a t e r p e r i o d e x t e n d e d t o l a t e A u g u s t ( 0 . 9 g 
m - " ) . 

T h e y e a r 1988 w a s c h a r a c t e r i z e d b y a n i m p o r t a n t 
e a r l y s p r i n g p e a k ( 1 . 3 g m " ^ in m i d - A p r i l ) . A f t e r 
a s h o r t c l e a r - w a t e r p e r i o d in M a y , t h e r e w a s a r e g u ­
l a r g r o w t h u n t i l t h e m a x i m u m w a s r e a c h e d in l a t e 
J u l y - A u g u s t ( 7 . 5 g m " ^ ; 8 . 5 t i m e s t h e s u m m e r 

1987 v a l u e ) . T h e n , a d i s t i n c t d e c l i n e t o o k p l a c e in 
l a t e A u g u s t , b e g i n n i n g o f S e p t e m b e r w h i l e t h e a l g a 
Hydrodictyon reticulatum c o v e r e d t h e s u r f a c e . A f t e r 
Hydrodictyon b e i n g h a r v e s t e d , t h e b i o m a s s r o s e 
a g a i n in l a t e S e p t e m b e r (7 .5 g m " ^ ) t h e n fel l i n 
a u t u m n . I n r e f e r e n c e t o 1 9 8 6 , t h e s p r i n g a n d s u m ­
m e r p e a k s o f 1988 w e r e r e s p e c t i v e l y 6 .5 a n d 1 8 . 7 5 
t i m e s h i g h e r . 

Benthic community dynamics 

A t o t a l o f 8 8 t a x a w e r e f o u n d d u r i n g t h e s t u d y . 
T h e b e n t h i c f a u n a r o s e f r o m 5 4 t a x a in 1 9 8 6 t o 6 0 
in 1 9 8 8 . 

T h e s t r u c t u r e o f c o m m u n i t i e s is s u m m a r i z e d in 
T a b l e I I . 

T h e s t a b l e s a m p l i n g p l a c e B 4 ( d a m ) is c h a r a c t e ­
r i z e d b y a p r o g r e s s i v e c o l o n i z a t i o n b y m o l l u s c s : 14 
k g h a ^ ' i n s p r i n g 1 9 8 6 f o r a p o p u l a t i o n d o m i n a ­
t e d b y 8 8 , 4 % o f c h i r o n o m i d s . T h e b i o m a s s p e a ­
k e d w i t h 1 ,290 k g h a " ' in a u t u m n 1988 , w i t h 
9 9 , 5 % m o l l u s c s (Dreissena a n d Bythinid). T h e c o l o ­
n i z a t i o n o f t h e s u b s t r a t u m b y m o l l u s c s b e g a n w i t h 
p u l m o n a t e g a s t r o p o d s in s p r i n g a n d s u m m e r 1 9 8 6 , 
f o l l o w e d b y D. poiymorpha i n w i n t e r 1 9 8 7 . A 
d e c r e a s i n g o f t h e w a t e r - l e v e l a t t h a t t i m e l e d t o a 
r e n e w e d p r e v a l e n c e o f t h e p u l m o n a t e g a s t r o p o d s in 
t h e s p r i n g a n d t h e s u m m e r o f 1 9 8 7 , f o l l o w e d b y D. 
poiymorpha a n d s i n c e t h e s u m m e r 1 9 8 8 by Bythi-
nia a n d Valvata. 

S a m p l i n g p l a c e B 3 , o n t h e S o u t h b a n k , s h o w e d 
i m p o r t a n t b i o m a s s e s w h e n e v e r g a s t r o p o d s (Physa 
a n d Radix) w e r e p r e s e n t : i n t h e s u m m e r o f 1 9 8 6 , 
f o l l o w i n g t h e g r o w t h o f a q u a t i c p l a n t s (Potamoge-
ton a n d Polygonum amphibium) : in t h e s p r i n g a n d 
t h e s u m m e r o f 1987 in r e l a t i o n t o t h e a b u n d a n c e 
o f Hydrodictyon. T h e v e r y l o w b i o m a s s v a l u e s 
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T a b l e II : P r i n c i p a l va lues of t h e b i o m a s s , ind iv idua l a n d t a x o n values of the b e n t h o n cha rac te r i z ing the Mi rgenbach 
re se rvo i r , m : m e a n va lue ; m in : m i n i m u m va lue ; max : m a x i m u m value . 

S t a t i o n Biomass in dry 
Itg ha 

weight Number of individuals 
ind m 

Number of taxa 

B 1 m 48.5 m : 3,256 m 13 
min : 6.24 ; max : 183 min 671 max : 6,271 min :6 ; max : 24 

B 2 m 23.3 m : 1,462 m : 9 
min : 4.9 ; max : 49.47 min 300 max : 2,514 min 5 ; max : 13 

B 5 m 30.9 m : 3,493 m : 9 
min : 6.5 ; max : 70.18 min 857 max : 7,742 min 3 ; max : 15 

B 3 rh 40.7 m : 2,303 rh 11 
min : 1.5 ; max : 105.8 min 258 max : 6,258 min 5 ; max : 21 

8 4 rfi : 432.4 rn : 2,711 m 11 
min : 1 .4 ; max : ,290.18 min 148 max 5,960 min 7 ; max ; 21 

6 , 5 2 l ig h a - i in t h e a u t u m n o f 1 9 8 7 a n d 1,5 kg h a ' 
i n t h e w i n t e r o f 1 9 8 8 ) a r e d u e t o N . W . w i n d s w h i c h 
c a u s e d t h e d i s a p p e a r a n c e o f t h e b a n k s e d i m e n t s a n d 
a q u a t i c p l a n t s . 

I n t h e s p r i n g 1 9 8 6 , t h e s a m p l i n g p l a c e s B l , B 5 , 
h a d a v e r y s i m i l a r s t r u c t u r e , w i t h a h i g h p o p u l a t i o n 
o f Cloeon dipterum ( 7 0 t o 8 9 % ) . T h e y s h o w e d 
i m p o r t a n t f l u c t u a t i o n s o f t h e i r b i o m a s s , a c c o r d i n g 
t o t h e p r e s e n c e o r a b s e n c e o f g a s t r o p o d s : t h i s c o n ­
f i r m s t h e w o r k d o n e b y L u n d b e c k ( 1 9 3 6 in B r i n k -
h u r s t 1 9 7 4 ) . T h e a c c u m u l a t i o n o f d a r k m u d s in the 
s u m m e r a n d a u t u m n 1 9 8 7 , e s p e c i a l l y i n B 2 , c a u s e d 
a r e d u c t i o n in t h e b i o m a s s . I n 1 9 8 8 , t h e s t o r a g e of 
a n o r g a n i c m u d d y b o t t o m e x p l a i n e d t h e d o m i n a n c e 
o f o l i g o c h a e t e s a n d c h i r o n o m i d s , w h i c h r e p r e s e n ­
t e d f r o m 6 6 . 6 t o 9 6 . 2 % o f i n d i v i d u a l s . O f these 
t h r e e s t a t i o n s , B l w a s t h e r i c h e s t , a s a r e s u l t o f t h e 
i n f l o w o f t h e M i r g e n b a c h b r o o k , t h e p r e s e n c e of 
p o n d s n e a r t h e r e s e r v o i r , a s w e l l a s g o o d r e n e w a l 
o f t h e w a t e r b e c a u s e o f t h e w e s t e r l y w i n d s . 3 5 

a p p e a r e d a s m o r e c o n s t a n t , w i t h a c o n s i d e r a b l e si l ­
t i n g w i t h c l e a r m u d ( t h i c k n e s s f r o m 15 t o 2 0 c m ) , 
w i t h l i t t l e e x o g e n o u s m a t t e r p e r m i t t i n g t h e i n c r e a s e 
o f o l i g o c h a e t e s ( 7 , 7 4 2 i n d m - ^ f o r 7 0 . 1 8 k g h a " ' , 
w i t h o v e r 75 "lo i n n u m b e r , a n d b i o m a s s o f l u m b r i -
c u l i d s , i n t h e a u t u m n 1987) . 8 2 , t h e p o o r e s t s t a t i o n , 
w a s a c o n f i n e d a r e a w i t h w e a k c u r r e n t s . D e c o m p o ­
s i t i o n o f a n a b u n d a n t a l g a l b i o m a s s a n d l e a v e s i n 
a u t u m n , w a s t a k i n g p l a c e t h e r e ; it c r e a t e d ve ry d a r k 
b o t t o m s i n h o s p i t a b l e t o t h e b e n t h o n . 

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

a ) a d i s a p p e a r a n c e o r a s i g n i f i c a n t d e c r e a s e in t h e 
n u m b e r o f r e p r e s e n t a t i v e t a x a l i v i n g in c l e a r w a t e r s 
o r o n a q u a t i c p l a n t s ( H e m t p t e r a : Aphelocheirus, 
G a s t r o p o d s : Physa, Radix). 

b ) a c o l o n i z a t i o n b y s p e c i e s o f t e n p r e s e n t i n t h e 
R i v e r M o s e l l e a t C a t t e n o m ( M o l l u s c s : Dreissena, 
Bylhinia, C r u s t a c e a n s : Atyaephyra desmarestii). 
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Fish population 

E i g h t s p e c i e s w e r e c a u g h t in 1987 ( p e r c h , g u d ­
g e o n , d a c e , r o a c h , s t o n e l o a c h , r u d d , b a r b e i , p u m -
I t i n s e e d ) . F o r t h e b i o l o g i c a l s t u d y o f t h e p e r c h , a 
t o t a l o f 9 0 9 i n d i v i d u a l s ( 5 4 2 i n 1987 a n d 3 6 7 in 1988) 
w e r e c a u g h t a n d m a r k e d . A f t e r r e c a p t u r e , o n l y 
p e r c h w a s e x a m i n e d ; it r e p r e s e n t e d 8 c a t c h e s in 1987 
a n d 1 9 8 8 . T h e b i o m a s s c o u l d b e e v a l u a t e d t o 9 0 k g 
h a - I in 1987 a n d 1 2 0 kg h a " ' i n 1 9 8 8 . 

T h e l a k e is p o p u l a t e d w i t h p e r c h f r o m 1 t o 6 y e a r s 

o l d ; s o m e o f t h e f i sh m u s t h a v e b e e n b r o u g h t in 

w h e n t h e l a k e w a s f i rs t f i l l ed u p . 

5. Discussion and conclusion 
S e v e r a l f a c t o r s c o m b i n e t o e s t a b l i s h , m a i n t a i n a n d 

i n c r e a s e e u t r o p h i c c o n d i t i o n s in M i r g e n b a c h r e s e r ­
v o i r , i n c l u d i n g : 1) w a t e r q u a l i t y o f t h e r i v e r 
M o s e l l e , s t r o n g l y m i n e r a l i z e d a n d e u t r o p h i c a t e d ; 

2) o v e r h e a t e d a n d n u t r i e n t e n r i c h e d i n f l o w w a t e r s ; 

3) c o m p l e t e a n d c o n s t a n t v e r t i c a l m i x i n g o f t h e w a t e r 
c o l u m n ; 4) b r e a f r e s i d e n c e t i m e o f w a t e r in t h e 
r e s e r v o i r ( 2 0 d a y s ) . T h e r e w a s ( T a b l e III) a v a r i a ­
t i o n f r o m a n o l i g o t r o p h i c s t a t e d u e t o a s h o r t a g e o f 
p h o s p h o r u s ( 1 9 8 6 ) t o a m e s o e u t r o p h i c s t a t e ( 1 9 8 7 ) 
a n d f i n a l l y e u t r o p h i c s t a t e ( 1 9 8 8 ) . H y p e r e u t r o p h i c 
d e g r a d a t i o n w a s s t o p p e d a f t e r h a r v e s t i n g t h e g r e e n 
a l g a e Hydrodictyon. 

S o m e r e l a t i o n s h i p s b e t w e e n b i o t i c o r g a n i s m s a n d 
p h y s i c o - c h e m i c a l p a r a m e t e r s c o u l d b e e s t a b l i s h e d . 
T h e m i n i m a l N H ^ c o n c e n t r a t i o n s c o i n c i d e d w i t h 
p h y t o p l a n k t o n i c p e a k s (fig. 5 ) a n d t h e r e f o r e , c o n ­
f i r m e d t h e p r e f e r e n t i a l a s s i m i l a t i o n o f N H 4 b y a l g a e 
( S u t t l e & H a r r i s o n 1 9 8 8 ) . T h e z o o p l a n k l o n i c b i o ­
m a s s a n d t h e h o m o g e n e i t y o f t h e w a t e r c o n t r i b u ­
t e d t o t h e fast m i n e r a l i s a t i o n o f p h o s p h o r u s ( D e v a u x 
e t a l . 1 9 8 3 ) w i t h , a s a c o n s e q u e n c e , a h i g h p r o p o r ­
t i o n o f o r t h o p h o s p h a t e s ( 9 3 % o f t o t a l P ) . T h e 
d e c r e a s e in t r a n s p a r e n c y w a s d u e t o t h e p h y t o p l a n k ­
t o n i c b i o m a s s a n d t h e i n c r e a s e i n d i s s o l v e d e l e m e n t s . 

A s f o r t h e a l g a l f l o r a , a n e v o l u t i o n f r o m j u v e n i l e 

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

l ence o f t h e w h o l e w a t e r c o l u m n , n o t i c e d s ince 1987, 

j u s t i f i e d t h e q u a s i d i s a p p e a r a n c e o f c y a n o p h y t e s a n d 

t h e d e v e l o p m e n t o f Ceratium hirundinella. A c c o r ­

d i n g t o S t e i n b e r g & H a r t m a n n ( 1 9 8 8 ) , t h e t r a n s f e r 

o f t h e s u r f a c e a l g a e t o t h e b o t t o m , o u t s i d e t h e p h o ­

t ic l a y e r , is n o t f a v o u r a b l e f o r c y a n o p h y t e s . O n t h e 

o t h e r h a n d , t h e f l o a t i n g g r e e n a l g a e Hydrodictyon 

reticulatum c a n c o l o n i s e t h e s u r f a c e in a s s o c i a t i o n 

OS 

_ 0 4 

* , 0 2 -

R = -0,473 
n - 5 2 

) 15 20 25 30 3 5 

Chlorophyll a mg m"^ 

Fig. 5 . Exponent ia l regression of tlie phy top lank ton ic bio­
m a s s (Ch lo rophy l l a in mg m " ^ ) in relat ion t o the 
c o n c e n t r a t i o n of dissolved a m m o n i u m ( N H ^ * in 
m g N 1 - ' ) . 

w i t h Cladophora, Oedogonium a n d Enteromorpha. 
A s a s e c o n d a r y e f f e c t , t h i s p r e v a l e n c e l i m i t s t h e 
g r o w t h o f s m a l l a l g a e b y p h o t o s y n t h e t i c c o m p e t i ­
t i o n . T h e p r o d u c t i o n r a t e s a r e h i g h i n c o m p a r i s o n 
w i t h o t h e r d a t a ( F e u i l l a d e 1985) : L a k e A n n e c y : 
m e a n 1 9 7 3 - 7 6 , 0 . 3 5 g C m - ^ d " ' ; L a k e N a n t u a : 
m e a n 1 9 7 2 - 7 8 , 0 . 5 9 g C m - ^ d " ! ; L a k e G e n e v a : 
m e a n 1 9 7 2 - 7 8 , 0 . 8 6 g C m - ^ d " ! . 

T h e s u c c e s s i o n o f z o o p l a n k t o n p o p u l a t i o n s c a n 

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

A t t h e t i m e o f t h e f i r s t f i l l ing u p . D. magna, D. 

pulex and C. v/n>i«5 w h i c h , o f t e n p r e s e n t t o g e t h e r , 

d e v e l o p e d o n s u b m e r g e d m e a d o w s ( w h i c h a r e a 

s o u r c e o f o r g a n i c m a t t e r ) t h e n d i s a p p e a r e d w h e n t h e 

r e s e r v o i r w a s fu l l . T h e c y c l o p o i d M . albidus p r e f e -

r e d w a t e r s w i t h a l o w r e n e w a l r a t e . T h e c a l a n o i d E. 

vulgaris i s k n o w n a s b e i n g less r e s i s t a n t t h a n E. gra­

cilis t o e n v i r o n m e n t a l v a r i a t i o n s ( C o g n a r d 1 9 7 1 ) . 

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

f r o m a m e s o e u t r o p h i c s t a t e t o a n e u t r o p h i c s t a t e s u i ­

t a b l e f o r D. longispina, D. cucullata, D. brachyu­

rum a n d B. longirostris. M o r e o v e r , t h e last t h r e e 

s p e c i e s a r e t h e r m o p h i l i c o r e u r y t h e r m a l . T h e c o e x i s ­

t e n c e o f s m a l l a n d l a r g e spec ies o f c l a d o c e r a e x p l a i n s 

t h e p r e s e n c e o f c a r n i v o r o u s c y c l o p o i d s . C. pulchella 

is v e r y c o m m o n in s h a l l o w , e u t r o p h i c l a k e s , e a t i n g 

b a c t e r i a l m a t t e r a n d d e t r i t u s ; t h e c a r n i v o r o u s L. 

kindtii w i l l t a k e a d v a n t a g e o f s m a l l p r e y s s u c h a s 

r o t i f e r s a n d C r u s t a c e a . T h e c o p e p o d E. velox is a n 

e u r y h a l i n e s p e c i e s a n d t h e r e f o r e wi l l b e n e f i t f r o m 
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Year 1 9 8 6 
April to D e c . 

1 9 8 7 1 9 8 8 

P r o d u c e r s 
Station 3 
Chlorophyll a 
mg 

mean 
minimum 
maximum 

3.5 
0.56 
9.3 

10.21 
2.01 

16 .74 

7.32 
0.47 

27 .93 

Primary 
product ion 
Ozg m-?d-i 

mean 
minimum 
maximum 

5.48 
0.87 

14.24 

5.40 
0.00 

11 .39 

3 .79 
0.05 
8.14 

Transparency 
in m (Secchi) 

mean 
minimum 
maximum 

3.86 
1.42 
6.31 

1.64 
1.12 
3 . 1 2 

1.S9 
0.73 
4.40 

P lankton ic f e e d e r s 1 a n d II 
Albazod mg m- î (dry weight) 
in the central area 

S u r f a c e 
between 0-5 m 

mean 
minimum 
maximum 

719 
18 

4,790 

209 .4 
3 .5 

981 .8 

2 .150 
52 

7,560 

Mid depth 
between 5-10 m 

mean 
minimum 
maximum 

400 
91 

1,600 

169 .5 
3.5 

900 .9 

3 ,130 
107 

18 ,829 

Near bottom 
between 10-15 m 

mean 
minimum 
maximum 

363 
15 

1,540 

194 .6 
1.7 

928 .5 

3 ,230 
109 

14,285 

Benth i c f e e d e r s 1 and II 
kg ha-1 
for the 5 stations 

Winter 
mean 
minimum 
maximum 

no data 57 .24 
3 .2 

244 .7 

37.5 
1.5 

108.6 

Spring 
mean 
minimum 
maximum 

21 .5 
1.4 

49.1 

97 .12 
49 .4 

183 

240 .3 
13.5 

1,087.5 

Summer 
mean 
minimum 
maximum 

28.4 
6.5 

36.3 

39 .5 
15.8 
93.1 

271 .16 
4.9 

1,235.4 

Autumn 
mean 
minimum 
maximum 

35.34 
13.2 
64.4 

755 
6 .5 

281 .6 

276.1 
11.9 

1,209.7 

Fisti 
(Perca fluviatilis) 
Biomass in l̂ q ha"' 

no data 90 120 

T a b l e I I I . Var ia t ion of t h e b i o m a s s e s o f the four m a j o r t roph ic levels f rom 1986 t o : 



( I l ) T R O P H I C EVOLUTION O F A RESERVOIR WITH O V E R H E A T E D WATERS 

a salinity increase. The prevalence of cladocerans 
(83,3 % in spring and 61,2 "/o in summer) over cala-
noids and cyclopoids enables us to set this reservoir 
in « class 5 » of the typology of Bressac (1985). 

If the eutrophication increases even more , the 
calanoids may disappear (Lair 1975, Janiki et al. 
1979, Bressac 1982). The structure of the fish popu­
lation has an impact on the zooplanktonic one ; the 
predominance of ichtyophagous fish (Perca fluvia-
lilis) as compared to planktonophagous fish 
accounts for the abundance of large size zooplank­
tonic species (D. longispina, D. brachyurum, Cala­
noids) with an high grazing rate on phytoplankton. 
The carnivorous species (C. vicinus, L. kindtii) eat 
the smaller cladocera [B. tongirostis, C. pulchella) 
the fihering organic matter and associated decom­
posers (Bacteria and Protozoa). 

By comparing with other values (600 ind 1 " ^ in 
Créteil reservoir, Testard 1983), the lower density 
of zooplankton can be explained by the fact that the 
outflow (2.7 m ~ ̂  s " ') carries away part of the zoo-
plankton whereas the inflow (2.7 m^ s"^) brings 
none. Bressac (1985) thinks that this applies to the 
Serre-Ponçon reservoir in which the lowest density 
is 55 individuals 1~ Despite the overheating, a sea­
sonal rhythm in the dynamics of populations is 
appearing : a peak in spring explaining the clear 
water period, because of the grazing by smaller zoo­
planktonic species ; a higher peak in summer, a 
decUne in autumn and a minimum level in winter. 
Contrary to what is reported in the literature (Gré­
goire 1981, Pinel Alloul & Méthot 1984), no demo­
graphic explosion occurred after the first filling, 
because of phosphorus deficiency due to its incor­
poration in the biomass. 

The maximum benthic biomasses (excluding the 
dam) can be compared with those of the literature. 
Bouchaud et al. (1979) found 122 kg h a " * in the 
lower section of a gravel pit in the River Loire. Tes­
tard (1983) gave 44.19 and 53.33 kg h a " ' for the 
mesoeutrophic Créteil lake, according to the subs­
tratum, whereas for eutrophic lakes, the littoral ben­
thic fauna reaches 330 kg h a " ' (Morgan 1980) and 
10.3 kg h a " * of dry weight without shells in Lake 
Simcoe (Rawson 1930). The mean population (from 
1,500 to 3,500 individuals m " ^) is much lower than 
that of the littoral samples of Lake Saint-Louis 
(Quebec) (7,500 individuals m " ^ ) which is said to 
be in an advanced eutrophication state (Magnin 

1970). Our results, which are significantly different, 
show that the Mirgenbach reservoir is in trophic 
variation. 

In the specific case of the dam, although the num­
ber of D. polymorpha decreases from 1,800 to 650 
ind m ~ 2 , their biomass increases from 240 to 1,025 
kg ha~ ' of dry weight, including shells. The values 
for this species (biomass/population) are compara­
ble with those observed in eutrophic Mazurian Lakes 
(Stanczykowska 1977). Stanczylowska (1984) esta-
bhshed the absence of such molluscs in polymictic 
type IV lakes (Total phosphorus from 300 to 950 
^ g 1 ' ) , whereas we showed that these molluscs are 
represented in the Mirgenbach Lake. This calls for 
an investigation of the evolution of D. polymorpha, 
which is also a prey to crayfish {Orconectes limo-
sus) (Piesick 1974 in Stanczykowska 1977) ; water 
owls (Pedroli 1981) ; coot {Fúlica atra), tuffed duck 
(Aythya fuiigula), pochard (Ayihya ferina) and mal­
lard (Anas plalyrhynchos) of which 2,000 to 2,500 
individuals are living on the lake in winter. 

To explain the decreasing diversity of fish two 
hypotheses can be put forward : a) the species of 
fish — other than perch — have slowly disappea­
red because they were not adapted to the biotope ; 
for instance, dace is known to prefer fast currents, 
b) the species have declined because of the strong 
prédation by perch. 

It is known that a monospecific population of 
perch may disrupt the balance of the environment 
and can cause nanism (Hoestlandt 1979). Conse­
quently, we decided to intervene by stocking the 
reservoir (17 kg h a ' ' ) with omnivorous species 
(Cyprinus, Tinea) and great carnivorous fish (Esox, 
Lucioperca) ; the former to limit the propagation 
of large zooplanktonic species, and the latter 
because of their ability of regulating the population 
of Perca. According to the available bibliographi­
cal data (Angeli 1976, Pourriot et al. 1982), we can 
expect the small zooplanktonic species (Rotifera, 
Bosmina, Ceriodaphnia) io develop. Consequently, 
the intensity of grazing should decline resulting in 
diminished lakewater transparency for longer 
periods. This evolution should keep the prolifera­
tion of Hydrodictyon down. As an alternative, 
aquaculture of these algae is being planned. The har­
vest of these algae will be an appropriate method 
to restrain the hypereutrophication (Laurent 1976). 
Fish farming in floating nets could also be develo­
ped using herbivorous species able to eat dry 
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Hydrodictyon i n c o r p o r a t e d i n t o a n a r t i f i c i a l d i e t . 

T h e p u r p o s e o f t h i s p r o g r a m m e is t o t a k e a d v a n ­

t a g e o f t h e w a t e r s f r o m t h e c o o l i n g t o w e r s . I t c a n 

b e i m p l e m e n t e d t a k i n g all t h e e n v i r o n m e n t a l i s s u e s 

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

o f t h e w a t e r q u a l i t y , t h e q u a l i t a t i v e a n d q u a n t i t a ­

t i v e v a r i a t i o n s o f t h e t r o p h i c c h a i n . 
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