
Bull. Fr. Pêche Piscic. (1995) 337/338/339 : 93-99 — 9 3 — 

B. H U G U E N Y (1) , H. P E R S A T (1) , J .L. B A G L I N I È R E (2 ) , P. B O Ë T (3) , G . C A R R E L (4) , 
J . M . O L I V I E R (1) , D. P A U G Y (6) , D. P O N T (5) , K. T R A O R É (7) 

(1) Eco log ie des eaux d o u c e s et d e s g rands f l euves , Un ivers i té C laude Be rna rd , 4 3 Bd d u 
11 N o v e m b r e 1918, 6 9 6 2 2 V i l l eu rbanne C e d e x , F rance . 

(2) INRA, 6 5 rue de Sa in t Br ieuc, 3 5 0 4 2 R e n n e s C e d e x , F rance . 
(3) C E M A G R E F , Div is ion Qual i té des Eaux, 14 avenue d e Sa in t -Mandé , 75012 Paris, France. 
(4) C E M A G R E F , D i v i s i o n H y d r o b i o l o g i e , B P 3 1 , Le T h o l o n e t , 1 3 6 1 2 A i x - e n - P r o v e n c e 

C e d e x 1 , F rance . 
(5) L a b o r a t o i r e d ' E c o l o g i e d e s S y s t è m e s F l u v i a u x , 1 rue d e P a r m e n t i e r , 1 3 2 0 0 A r l es , 

F rance . 
(6) O R S T O M , D E C , 2 1 3 rue La Fayet te , 7 5 4 8 0 Par is C e d e x 10, F rance . 
(7) I D E S S A , D é p a r t e m e n t P isc ico le , B.P. 6 3 3 , B o u a k é , Cô te d ' Ivo i re. 

R É S U M É 

La var iab i l i té à long t e r m e de 18 p e u p l e m e n t s d e po i ssons a é té é tud iée dans d e s 
r iv ières f r ança i ses et oues t a f r ica ines. Les p r inc ipaux résu l ta ts sont les su ivants : 

(1) Le coef f i c ien t d e var ia t ion (CV) d e la r i chesse spéc i f i que , le C V de l ' abondance 
to ta le et le C V m o y e n d e s e s p è c e s cons t i tu t i ves d u p e u p l e m e n t a u g m e n t e n t avec la du rée 
de l 'é tude. 

(2) Se lon la c lass i f ica t ion p roposée par G R O S S M A N et al. (1990) basée s u r le C V 
m o y e n d e l ' a b o n d a n c e d e s e s p è c e s , t o u s les p e u p l e m e n t s é t u d i é s r e n t r e n t d a n s la 
c a t é g o r i e d e s p e u p l e m e n t s à f o r t e s f l u c t u a t i o n s i n t e r a n n u e l l e s . C e p e n d a n t c e r t a i n e s 
popu la t ions ( les s a l m o n i d é s en B re tagne par e x e m p l e ) p résen ten t une fa ib le var iabi l i té d e 
leur dens i té . 

(3) D a n s le R h ô n e , les p e u p l e m e n t s don t les popu la t i ons man i fes ten t une g rande 
var iab i l i té i n t e r a n n u e l l e son t c e u x p r é s e n t a n t le p l us g r a n d taux d e r e n o u v e l l e m e n t e n 
e s p è c e s . C e résul tat es t en acco rd avec l 'hypothèse d e H O R W I T Z (1978 , "ex terminat ion 
hypo thes is " ) . 

M o t s - c l é s : p e u p l e m e n t , e x t i n c t i o n l o c a l e , t u r n o v e r e n e s p è c e s , l o n g t e r m e , 
var iabi l i té in te rannue l le . 

L O N G - T E R M V A R I A B I L I T Y IN R I V E R I N E F I S H A S S E M B L A G E S : R E S U L T S F R O M 
F R E N C H A N D W E S T A F R I C A N R I V E R S . 

S U M M A R Y 

Long - te rm var iabi l i ty of s o m e c o m m u n i t y p a r a m e t e r s w a s s tud ied in 18 r iver ine f ish 
a s s e m b l a g e s loca ted in F rance a n d Wes t Af r ica . Sa l ien t resu l ts a re : 

(1) Coe f f i c i en t of va r i a t i on (CV) of s p e c i e s r i c h n e s s , C V of to ta l a b u n d a n c e and 
ave rage C V of popu la t i on a b u n d a n c e for a s s e m b l a g e m e m b e r s i nc reased wi th s tudy t ime 
span . 

(2) Wi th in G R O S S M A N et al. c lass i f icat ion s c h e m e (1990) , wh i ch is based o n the 
a v e r a g e C V o f p o p u l a t i o n a b u n d a n c e , a i l o f t h e a s s e m b l a g e s s t u d i e d s h o w h igh 
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f l u c t u a t i o n s th i rough tinne. H o w e v e r , s o m e ind iv idua l popu la t i ons (suc f i as s a l m o n i d s in 
B r i t t any s t r e a m s ) d isp layed low dens i ty variabi l i ty t f i rough t ime. 

(3) In thie river R h ô n e , a s s e m b l a g e s in wh ich popu la t ions d isp lay h igh year - to -year 
c h a n g e s in a b u n d a n c e are t hose hav ing a h igh spec ies turnover. Th is resuit suppor ts the 
" e x t e r m i n a t i o n hypo thes is " ( H O R W I T Z , 1978). 

K e y - w o r d s : c o m m u n i t y , loca l ex t inc t ion hypo thes i s , spec ies tu rnover , l ong - t e rm , 
i n t e r a n n u a l var iabi l i ty. 

I N T R O D U C T I O N 

S C H O E N E R (1987) r ecogn i zed seven a x e s of con t roversy in c o m m u n i t y eco logy : 
u n p a t t e r n e d vs pa t t e rned , r a n d o m vs n o n - r a n d o m , phys ica l vs b io log i ca l , in te rac t i ve vs 
non - i n te rac t i ve , dens i ty i ndependen t vs densi ty dépenden t , non equi l ibr ia l vs equi l ibr ia l and 
s t ochas t i c v s determin is t ic . S o m e of t hèse axes are over lapp ing and severa l a re p rominen t 
in f r e s h w a t e r f ish c o m m u n i t y s tud ies . For ins tance, after ana lys ing da ta f rom a su rvey of a 
s t r e a m f ish c o m m u n i t y ove r a 16 yea rs per iod, G R O S S M A N et al. (1982) conc luded to the 
e x i s t e n c e of s tochast ic s t r eam f ish a s s e m b l a g e s in wh ich spec ies a b u n d a n c e rank ings do 
no t r e m a i n c o n s t a n t f r o m y e a r to y e a r desp i te t empo ra l l y s tab le hab i ta t s t ruc tu re . Th is 
c o n c l u s i o n has been c h a l l e n g e d o n m a n y g rounds (see ré fé rences in G R O S S M A N et al. 
[ 1990 ] ) a n d m o s t of the axes l is ted a b o v e have been invo lved in the d e b a t e . 

T h è s e con t rovers ies h a v e mot i va ted simi lar s tud ies on f reshwate r f ish a s s e m b l a g e s , 
r e v i e w e d by G R O S S M A N et al. (1990) . However , ail such s tud ies have been loca ted in 
N o r t h A m e r i c a . To g i ve a b roade r overv iew of the topic w e ana l ysed da ta f rom long term 
s t u d i e s c o n d u c t e d on r iver ine f ish c o m m u n i t i e s located in Europe a n d Af r ica . Us ing thèse 
d a t a w e t e s t e d the fo l l ow ing h y p o t h è s e s . 

H y p o t h e s i s 1 - T h e r e is a p o s i t i v e r e l a t i o n s h i p b e t w e e n i n d i c e s of i n t e r a n n u a l 
c o m m u n i t y var iabi l i ty a n d s tudy t ime span . At the popu la t ion level , mo re t ime m e a n s more 
va r ia t i on ( P I M M , 1991) , a n d the s a m e should b e true for c o m m u n i t y pa rame te rs . 

Hypo thes i s 2 - T h e r e is a néga t i ve relat ionship b e t w e e n spec ies r i chness and m e a n 
p o p u l a t i o n var iabi l i ty of c o m m u n i t y m e m b e r s . As ind icated by theore t ica l w o r k s a n d f ield 
s t u d i e s , p o p u l a t i o n p e r s i s t e n c e of a popu la t ion is inverse ly re la ted to var iab i l i t y ( P I M M , 
1 9 9 1 ) , s o tha t hab i ta ts in w h i c h popu la t i ons d isp lay h igh t e m p o r a l var iab i l i ty s h o u l d be 
s u b j e c t to h igh ext inc t ion rates tha t reduce spec ies r ichness and inc rease spec ies turnover. 
F o l l o w i n g H O R W I T Z (1978) w e cal l th is hypothes is the "ex terminat ion hypo thes is " . 

M E T H O D S 

W e a s s e m b l e d da ta f r o m unpub l i shed long te rm s tud ies of r iver ine f ish commun i t i es 
a t 18 local i t ies ail l oca ted in la rge r ivers (table I) : th ree located in the r iver Se ine (France) , 
11 l o c a t e d in the r iver R h ô n e (F rance ) , and four in the r ivers B a n d a m a , S a s s a n d r a and 
C o m o e in Ivory Coas t (wes t A f r i ca) . To be inc luded, a s tudy had to e n c o m p a s s at least f ive 
y e a r s of da ta . This is t he m i n i m u m t ime span cons ide red in s imi lar s tud ies ( G R O S S M A N et 
al., 1 9 9 0 ) . AH thèse local i t ies a re located in the ma in r iver c h a n n e l (r iver w id th > 3 0 m, 
d e p t h > 1 m) except local i t ies 12 a n d 14 wh i ch are s ide a rms . R iver s e g m e n t s s a m p l e d 
r a n g e d f r o m 5 0 0 to abou t 2 0 0 0 m, bu t for mos t local i t ies exac t length is not ava i lab le . Most 
of t h e F r e n c h local i t ies s a m p l e d a re highiy mod i f i ed by m a n , espec ia l l y in t he r iver Rhône 
( F R U G E T , 1992) . T h è s e m o d i f i c a t i o n s affect habi ta t s t ruc ture ( channe l i za t i on ) a n d river 
f l ow ( u p s t r e a m d a m , b y - p a s s e d sect ions) . C o m m u n i t i e s w e r e s a m p l e d e a c h year, at the 
s a m e pe r i od (spr ing for F rench r ivers and w in te r for Af r ican r ivers) to cance l out seasona l 
va r i a t i on a n d to reduce the ca tch of young-of - the-year . In French r ivers f ish w e r e s a m p l e d 
by e lec t ro f i sh ing acco rd ing to t w o p rocédures . In the first ( con t inuous samp l i ng , tab le I), a 
s a m p l e is cons t i tu ted of the f ish c a u g h t dur ing a cons tan t t ime (20 min) of un in ter rupted 
e l e c t r o f i s h i n g w i th in t h e local i ty . In t h e s e c o n d p r o c é d u r e (po in t s a m p l i n g , t ab le I), the 
loca l i ty is s a m p l e d at cons tan t n u m b e r of po in ts (25, P E R S A T & C O P P (1990)) . In west 
A f r i ca , expé r imen ta l f i sh ing w a s ca r r ied out us ing sets of gill nets 25 mete rs long and two 
m e t e r s d e e p with va r i ous m e s h s izes (15, 2 0 , 25, 30 , and 40 m m ) du r ing t w o consécu t i ve 
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Tableau I : Carac té r i s t iques d e s local i tés é t u d i é e s . 

Table I : Charac te r is t i cs of the local i t ies s t u d i e d . 

Code River 

1 Comoe (Ivory Coast) 
2 Comoe (Ivory Coast) 
3 Bandama (Ivory Coast) 
4 Sassandra (Ivory Coast) 
5 Rtiône (France) 
6 Rhône (France) 
7 Rhône (France) 
8 Rhône (France) 
9 Rhône (France) 

1 0 Rhône (France) 
1 1 Rhône (France) 
1 2 Rhône (France) 
1 3 Rhône (France) 
1 4 Rhône (France) 
1 5 Rhône (France) 
1 6 Seine (France) 
1 7 Seine (France) 
1 8 Seine (France) 

Distance 
from source 

(km) 

ca 250 
ca 450 
ca 250 
ca 300 
ca 550 
ca 550 
ca 550 
ca 550 
ca 650 
ca 650 
ca 650 
ca 450 
ca 450 
ca 450 
ca 450 
ca 250 
ca 250 
ca 250 

River flow 

natural 
natural 
natural 
natural 
se mi natural 
semi natural 
semi natural 
regulated 
semi natural 
regulated 
regulated 
semi natural 
semi natural 
semi natural 
semi natural 
natural 
regulated 
regulated 

River bed 

large pool 
large pool 
large pool 
large pool 
channelized 
réservoir 
réservoir 
natural 
réservoir 
channelized 
channelized 
natural (side arm) 
natural 
natural (side arm) 
natural 
natural 
natural 
channelized 

Sampling 

gill nets 
gill nets 
gill nets 
gill nets 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 
electrofishing 

(point sampling) 
(point sampling) 
(point sampling) 
(point sampling) 
(continuous) 
(continuous) 
(continuous) 
(point sampling) 
(point sampling) 
(point sampling) 
(point sampling) 
(continuous) 
(continuous) 
(continuous) 

nights ( L É V Ê Q U E et al., 1988) . Resu l ts are e x p r e s s e d as ca tch per unit effort, w h i c h is t he 
n u m b e r of f i sh c a u g h t in 100 m^ of net per day. T h è s e p r o c é d u r e s do not p r o v i d e t r ue 
es t imâ tes of f ish dens i ty but, rather, ind ices of a b u n d a n c e w h i c h are p robab ly sub ject to 
s o m e u n k n o w n s a m p l i n g error . H o w e v e r , fo r c o n v e n i e n c e , t h è s e i nd i ces wi l l b e ca l led 
a b u n d a n c e f r om n o w o n . W e have reason to be l ieve tha t o b s e r v e d long t e rm changes in 
o u r t i m e sér ies a re mo re than random no ise . For i ns tance s y n c h r o n o u s c h a n g e s in spec ies 
a b u n d a n c e w e r e o b s e r v e d b e t w e e n l o c a l i t i e s 6 a n d 7 ( s a m p l e d i n d e p e n d e n t l y w i t h 
e lec t ro f i sh ing ) a n d b e t w e e n local i t ies 1 a n d 2 ( s a m p l e d i n d e p e n d e n t l y us ing gi l l nets) . 
T h è s e resul ts a re u n e x p e c t e d if w e a s s u m e that s a m p l i n g er ror is the ma jo r c o m p o n e n t of 
year - to -year c h a n g e s o b s e r v e d in our da ta . 

For e a c h da ta set w e c o m p u t e d the m e a n va lue for t h e coef f i c ien t of var ia t ion of 
popu la t ion a b u n d a n c e for a s s e m b l a g e m e m b e r s ( M C V ) . O n l y spec ies p résen t in a t least 
hal f of t h e s u r v e y e d y e a r s w e r e i n c l u d e d . T h e ra t i ona le f o r t h i s index of v a r i a t i o n w a s 
p resen ted by G R O S S M A N et al. (1990) . Coef f i c ien ts of var ia t ion of tota l a b u n d a n c e (CVA) 
a n d spec ies r i chness (CVS) aIso we re c o m p u t e d . 

To test if MCV, CVA a n d C V S inc rease w i th t h e s tudy t ime s p a n , w e c o m p u t e d thèse 
ind ices for the f irst f ive yea rs of each t ime sér ies ( reduced va lues) to c o m p a r e w i th those 
c o m p u t e d f r o m c o m p l è t e t ime sér ies ( comp lè te va lues ) . C o m p l è t e va lues are expec ted to 
b e h igher t han the reduced va lues if t he s tudy t ime s p a n has a pos i t ive ef fect on c o m m u n i t y 
v a r i a b i l i t y t h r o u g h t i m e ( H y p o t h e s i s I ) . F o r e a c h o f t h e t h r e e v a r i a b l e s s t u d i e d w e 
c o m p u t e d t h e n u m b e r of l oca l i t i es in w h i c h c o m p l è t e v a l u e s a r e h i g h e r t h a n r e d u c e d 
va lues . Unde r Ho , w e expec t that th is n u m b e r w o u l d rep resen t f i f ty percent of the local i t ies 
a n d m o r e t h a n fifty pe rcen t under H 1 . A s there a re 14 local i t ies for wh ich m o r e t h a n f ive 
yea rs of da ta are ava i lab le ( table II), th is e x p e c t e d n u m b e r is 7. A pa i red s i gned rank test 
w a s u s e d to a s s e s s the stat is t ical s ign i f i cance of the resui t . 

C o m m u n i t i e s ana l ysed are loca ted in d i f férent r ivers a n d in di f férent habi ta ts . For th is 
reason w e d id not expec t spec ies r ichness to be d i rec t iy c o m p a r a b l e a m o n g local i t ies. To 
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T a b l e a u II : C a r a c t é r i s t i q u e s d e s p e u p l e m e n t s é t u d i é s . L e s l o c a l i t é s s o n t 
n u m é r o t é e s c o m m e d a n s le tab leau I. 

T a b l e II : Charac te r is t ics of t h e f ish a s s e m b l a g e s s tud ied . Local i t ies are n u m b e r e d 
a s in tab le I. 

Code Maximum Total Mean CV of CV of CV of Relative species 

time number populations abundance species richness total abundance rictiness 
span of 
(yrs) species 5 yrs 10 yrs al! yrs 5 yrs ail yrs 5 yrs ai! yrs 5 yrs 10 yrs 

1 1 6 3 9 91 .1 1 15 .7 143.3 12.8 26 2 3 8 . 8 7 2 . 9 0 .61 0 .52 
2 1 7 4 0 9 1 . 0 1 1 1 1 130.3 12.1 2 1 6 4 2 . 7 5 8 . 5 0 .66 0 .55 
3 1 7 38 1 0 9 . 2 112 0 128 .0 25 .3 38 2 5 5 . 4 7 0 . 4 0 .55 0 .32 
4 1 3 34 8 6 . 8 1 4 3 . 2 154.5 14.3 19 .6 3 8 . 9 1 5 8 . 8 0 .61 0 .50 
5 1 0 2 0 8 4 . 0 9 2 . 8 92 8 14.4 2 0 . 6 4 8 . 7 6 2 . 5 0 .70 0 .55 
6 1 0 17 7 4 . 0 8 4 . 3 8 4 . 3 19.6 2 5 . 0 45 8 6 6 . 0 0 .65 0 .54 
7 1 0 2 0 7 4 . 9 1 0 2 . 3 102.3 15.8 2 2 . 6 47 .1 6 8 . 9 0 .59 0 .50 
8 1 0 2 0 8 7 . 4 89 8 8 9 . 8 14 .7 17 .7 3 7 . 0 7 0 . 2 0 .67 0 .56 
9 1 1 25 1 14 .0 112 7 112.1 34 .6 24 .7 4 5 . 7 3 3 . 4 0 .55 0 .48 

1 0 1 1 1 7 1 0 4 . 7 1 0 8 . 6 108.6 3 6 . 0 2 5 . 3 6 7 . 8 8 0 . 3 0 .60 0 .46 
1 1 1 5 21 1 13 .9 112 4 115.6 3 9 . 3 4 0 . 0 6 7 . 3 1 2 0 . 9 0 .41 0 .44 
1 2 5 2 6 1 0 7 . 8 107 .8 20 2 20 .2 8 7 . 6 8 7 , 6 0 .56 
1 3 5 24 8 4 . 5 8 4 . 5 2 4 . 2 24 .2 58 1 58 .1 0 .64 
1 4 5 2 3 9 7 . 0 9 7 . 0 17.7 1 7.7 4 3 . 0 4 3 . 0 0 .60 
1 5 5 26 8 9 . 2 8 9 . 2 32 .0 32 .0 4 1 . 4 41 .4 0 .57 
1 6 8 2 6 1 13 .2 9 9 . 5 7 .7 9.7 9 0 . 2 68 .1 0 .67 
1 7 8 2 3 9 1 . 9 91 .4 8 .7 13.4 69 4 67 .1 0 . 7 0 
1 8 8 24 8 6 . 8 9 8 . 4 11 .9 16 .9 4 5 . 7 5 0 . 2 0 .66 

c i r c u m v e n t th is p rob lem w e d e v i s e d a relat ive spec ies r ichness index, the rat io be tween 
m e a n s p e c i e s r ichness o b s e r v e d e a c h year in a commun i t y and the total n u m b e r of spec ies 
r e c o r d e d du r ing the study. A s it is s imi la r to Wh i t taker ' s coef f ic ient of be ta d ivers i ty wh i ch is 
t h e t o t a l s p e c i e s r i c h n e s s d i v i d e d by t h e m e a n s p e c i e s r i c h n e s s m i n u s o n e 
( f \ / IAGURRAN,1988 ) , our re lat ive spec ies r i chness index is aIso the inverse of a spec ies 
t u r n o v e r index . To cance l the poss ib le effect of t ime span , the re lat ionship b e t w e e n relat ive 
s p e c i e s r i chness index a n d M C V w a s assessed us ing the s a m e s tudy t ime s p a n for the 
loca l i t ies c o m p a r e d : f ive yea rs (ail local i t ies) or 10 years (11 local i t ies). Rela t ive spec ies 
i ndex a n d M C V were c o m p u t e d acco rd ing l y 

R E S U L T S 

C o m p u t e d MCV, CVA a n d C V S are p resen ted in table I I . Table II s h o w s that in 11 
loca l i t i es v a l u e s for M C V w e r e h igher when c o m p u t e d for the comp lè te sér ies (us ing ail 
a v a i l a b l e y e a r s ) t han for t h e r e d u c e d sér ies (5 yea rs ) . A c c o r d i n g to a one - ta i l ed pa i red 
s i g n e d r a n k tes t t h e o b s e r v e d v a l u e (11) is s i gn i f i can t l y (p = 0 .029 ) h i g h e r t h a n t h e 
e x p e c t e d o n e (7). For CVA a n d C V S , comp lè te va lues are h igher than reduced va lues in 12 
loca l i t ies (p = 0.007). Consequen t l y , t h e null hypo thes is ( commun i t y var iabi l i ty t h rough t ime 
is u n a f f e c t e d by t h e s t u d y t i m e s p a n ) can be re j ec ted a n d t h e a l t e r n a t i v e h y p o t h e s i s 
( c o m m u n i t y var iabi l i ty t h rough t ime increases wi th the s tudy t ime span) is a c c e p t e d . 

W h e n c o m p u t e d w i t h a t i m e s p a n of 5 y e a r s , a n é g a t i v e a n d s t a t i s t i c a l l y 
s i g n i f i c a n t re la t i onsh ip b e t w e e n M C V and the re la t i ve s p e c i e s r i c h n e s s w a s o b s e r v e d 
(R = - 0 . 5 3 9 , p = 0 . 0 1 0 , o n e - t a i l e d , n = 18, f r om d a t a in tab le II). T h i s is not so , w h e n a 
s t u d y t i m e of 10 y e a r s is u s e d (r = -0 .329 , p = 0 .162 , o n e - t a i l e d , n = 1 1 , f r o m da ta in 
t a b l e II). W h e n on ly the loca l i t ies f r o m the r iver R h ô n e are i n c l u d e d in t h e a n a l y s i s , t h e 
r e l a t i o n s h i p is s i gn i f i can t fo r b o t h 5 and 1 0 y e a r s (r = - 0 . 6 9 5 , p = 0 . 0 0 9 , o n e t a i l e d , 
n = 11 ; r = - 0 . 9 1 3 , p = 0 . 0 0 2 , o n e - t a i l e d , n = 7 ; respect ive ly , f r o m d a t a in t ab le II). 
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D I S C U S S I O N 

In our s tudy t h ree ind ices of c o m m u n i t y va r iab i l i t y (MCV, C V A , C V S ) i nc reased as 
w e i n c r e a s e d t h e n u m b e r of y e a r s i n c l u d e d in the i r c a l c u l a t i o n . PIfvlM (1991 ) f ound a 
s i m i l a r r e s u i t a t p o p u l a t i o n l e v e l f o r b i r d s a n d i n s e c t s . T h e d a t a p u b l i s h e d b y 
G R O S S M A N et al. ( 1 9 9 0 ) d o e s no t a l l o w t h e u s e of a p a i r e d rank t e s t w h i c h w o u l d 
e n a b l e a c o m p a r i s o n w i th our resu l ts . W e t e s t e d t h e h y p o t h e s i s tha t M C V i nc reases w i th 
s tudy t ime s p a n in the i r da ta set by us ing a r é g r e s s i o n ana l ys i s . Th is ana lys i s s h o w e d 
tha t M C V a n d s tudy t i m e s p a n w e r e pos i t i ve l y c o r r e l a t e d in the i r 10 m i d w e s t e m r iver 
a s s e m b l a g e s (r = 0 . 5 5 5 , p < 0 . 0 5 , o n e t a i l e d t e s t ) . T h è s e f i n d i n g s s u g g e s t tha t t h e 
p o p u l a t i o n s s t u d i e d by t h è s e a u t h o r s a n d t h o s e s t u d i e d by o u r s e l v e s d o not f l uc tua te 
w i th c o n s t a n t a m p l i t u d e a r o u n d a c o n s t a n t equ i l i b r i um po in t . If y e a r - t o - y e a r c h a n g e s in 
f ish p o p u l a t i o n s i ze a re d r i ven by e n v i r o n m e n t a l v a r i a t i o n , an exp lana t i on m a y rés ide in 
t h e r e d d e n e d s p e c t r a of m o s t e n v i r o n m e n t a l v a r i a b l e s ( P I M M , 1 9 9 1 ) . A n o t h e r 
e x p l a n a t i o n for s u c h a pa t te rn m a y be tha t m o s t of t he s p e c i e s s tud ied d isp lay s y s t e m a t i c 
t r e n d s in p o p u l a t i o n s i z e ( i n c r e a s i n g o r d e c r e a s i n g ) d u r i n g t h e p e r i o d i n v e s t i g a t e d 
( P I M M , 1991) . To be m o r e con f i den t w i th t h e resu l t s of th is p re l im ina ry s tudy, t h e nex t 
s tep wi l l b e to l ink c o m m u n i t y var iab i l i ty to e n v i r o n m e n t a l f ac to rs k n o w n to a f fec t va r ia t i on 
in p o p u l a t i o n s i ze in s t r e a m f i shes , s u c h as hyd ro l og i ca l var iab i l i t y ( B A Y L E Y & L l , 1992) 
or pos i t i on a l o n g the r iver s i ze g rad ien t ( O B E R D O R F F & P O R C H E R , 1992) . W h a t e v e r 
the u n d e r l y i n g p r o c e s s e s , our resu l ts l ead to the c o n c l u s i o n that , on the bas is of spec ies 
a b u n d a n c e ( M C V ) , s p e c i e s r i chness ( C V S ) a n d to ta l a b u n d a n c e (CVA) , it is di f f icul t to 
pos tu la te tha t f i sh c o m m u n i t i e s in t h e r ivers s t u d i e d r e m a i n s tab le t h r o u g h t i m e . It mus t 
be no ted tha t s u c h resu l ts a re u n e x p e c t e d if t h e y e a r - t o - y e a r c h a n g e s o b s e r v e d in t i m e 
sé r i es w e r e d u e on ly to s a m p l i n g error , as t h e r e is no reason to a s s u m e that s a m p l i n g 
e r ro r i n c reases t h r o u g h t ime . 

A c c o r d i n g to t h e " e x t e r m i n a t i o n h y p o t h e s i s " ( H O R W I T Z , 1 9 7 8 ) t h e m o r e t h a t 
p o p u l a t i o n s f l u c t u a t e t h r o u g h t i m e , t h e m o r e f r é q u e n t a r e e x t i n c t i o n s w i t h i n t h e 
c o m m u n i t y , e i ther b a l a n c e d or not by i m m i g r a t i o n of n e w ind iv idua ls ; th is resul ts in a h igh 
s p e c i e s t u rnove r ( low spec ies r i chness re la t ive to the co lon is t pool s ize) . Th i s scéna r io is 
c o n c o r d a n t w i t h t h e v i e w t h a t r i v e r f i s h c o m m u n i t i e s a t t h e l o c a l s c a l e a r e o p e n 
c o m m u n i t i e s a n d d é p e n d a n t on fac tors o p e r a t i n g on a larger spat ia l sca le s u c h a s spec ies 
poo l s ize a n d d i s tance f r o m a co lon iza t ion s o u r c e ( D E T E N B E C K et al., 1992 ; O S B O R N E 
& W I L E Y 1 9 9 2 ; H U G U E N Y & P A U G Y , 1 9 9 5 ) . W i t h i n t h e r iver R h ô n e , our resu l t s (a 
néga t i ve re la t ionsh ip b e t w e e n re lat ive s p e c i e s r i chness index a n d M C V ) w o u l d s e e m to 
a g r é e w i t h t h i s h y p o t h e s i s , b u t t h e y a r e e q u i v o c a l if o t h e r r i ve rs a re i n c l u d e d in t h e 
ana lys i s . Th is d i s c r e p a n c y m a y resui t f r o m t h e ef fect of m e r g e d fac to rs w h e n r ivers having 
d i f f é ren t h y d r o l o g i c a l f e a t u r e s a n d d i f f é ren t f a u n a a r e i n c l u d e d in the s a m e a n a l y s i s . 
Un fo r tuna te ly , w e do not have e n o u g h da ta to test t he "ex te rm ina t i on hypo thes i s " in e a c h 
r iver separa te ly , w i th the excep t i on of t he r iver R h ô n e . If ou r resul ts a re not a s a m p l i n g 
ar t i fact d u e to s p e c i e s p résen t in low n u m b e r s tha t a re not s a m p l e d (pseudo-ex t i nc t i ons ) , 
t hey s u g g e s t tha t ex t inc t ion a n d co lon i za t i on at loca l sca les a re impor tan t p rocesses in 
s h a p i n g f ish c o m m u n i t i e s in the r iver R h ô n e a n d that e n v i r o n m e n t a l fac to rs l ead ing to high 
t e m p o r a l var iab i l i ty in popu la t ions s ize are key c o m p o n e n t s in exp la in ing spec ies r i chness 
of loca l f i sh c o m m u n i t i e s in th is r i ve r Howeve r , no c l ea r re la t ionsh ip w a s f o u n d b e t w e e n 
s p e c i e s r i c h n e s s at t h e loca l s c a l e a n d t e m p o r a l v a r i a b i l i t y of p h y s i c o - c h e m i c a l a n d 
hyd ro log i ca l va r i ab les in f ish c o m m u n i t i e s w i th in t h e r iver R h ô n e ( P E R S A T et ai, 1994). 
Obv ious iy , as e m p h a s i z e d by P E R S A T et al. ( 1994 ) , m o r e s tud ies a re n e e d e d , ma in ly to 
de f ine the op t ima l spa t ia l sca le at w h i c h the t e m p o r a l var iab i l i t y of o p e n c o m m u n i t i e s such 
as t hose e n c o u n t e r e d in ou r s tudy s h o u l d be c o n s i d e r e d . 

W i t h i n t h e c l a s s i f i c a t i o n s c h e m e p r o p o s e d by G R O S S M A N et al. ( 1 9 9 0 ) , o u r 
c o m m u n i t i e s are c o n s i d e r e d h ighiy f luc tua t ing ( M C V > 75) . T h è s e va lues are compa rab le 
to t h o s e repo r ted by G R O S S M A N et al. ( 1990) for 10 m i d w e s t e m s t r e a m s of t h e USA 
( M C V rang ing f r om 70 to 135) . Desp i te a var ie ty of s a m p l i n g t echn iques u s e d and habi tats 
s u r v e y e d , h igh iy f luc tua t ing popu la t ions a p p e a r to be the no rm rather than the except ion in 
r iver f ish c o m m u n i t i e s . Unfor tunate ly , it is not poss ib le w i th our da ta to c o m p a r e the effects 
of s a m p l i n g m e t h o d (g i l l ne t s vs e l e c t r o f i s h i n g ) , c l i m a t e ( t e m p e r a t e v s t r o p i c a l ) a n d 
an th ropogen i c s t ress because they a re in a la rge ex tent c o n f o u n d e d . 
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C o m p a r e d w i th C V v a l u e s repo r ted for t e m p e r a t e b i rds ( P I M M , 1 9 9 1 , f igure 5.2), 
r a n g i n g f r o m 10 to 7 0 , r iver ine f ish popu la t ions are more var iab le th rough t ime , m u c h more 
l i ke o r g a n i s m s k n o w n to h a v e h igh i y f l uc tua t ing p o p u l a t i o n s , s u c h as i nsec ts or sma l l 
m a m m a l s , in wh ich C V of popu la t i on s ize is f requen t l y above 50 ( P I M M , 1 9 9 1 , f igures 4 .4 
a n d 4 .5 ) . L o w var iabi l i ty (CV < 50) in popu la t ion s ize has been repor ted for s o m e sa lmon id 
p o p u l a t i o n s in the UK a n d t h e U S A ( B A Y L E Y & L l , 1992) . In t h e r iver Scor f f , a sma l l 
B r i t t any s t r e a m , sa lmon id a n d assoc ia ted spec ies aIso d isp layed relat ively l imi ted year - to -
y e a r c h a n g e s in dens i ty (CV ca . 6 0 , unpub l i shed resul ts) . BAYLEY & Ll (1992) we re ab le to 
l ink th is low var iabi l i ty to sma l l in te rannua l c h a n g e s in d ischarge in the local i t ies su r veyed , 
a n d th is p robab l y aIso ho lds for Br i t tany s t reams. 

R e s u l t s p r e s e n t e d he re m a y h a v e grea t impl ica t ions in mon i to r i ng f r e s h w a t e r f ish 
c o m m u n i t i e s b e c a u s e it a p p e a r s un i ike ly that a ré fé rence c o m m u n i t y c a n be de f i ned for 
o n e p l a c e t h rough t ime , at least in t e r m s of its spec ies a b u n d a n c e . Th is po in t has a Iso been 
e m p h a s i z e d b y G R O S S M A N et al. ( 1990 ) . O u r s t u d y s u g g e s t s a Iso t h a t i n s i g h t in to 
u n d e r s t a n d i n g hver ine f ish c o m m u n i t y dynam ics wil l be p rov ided by b r o a d e n i n g the spat ia l 
s c a l e of i nves t i ga t i on . Th i s b r o a d e n i n g shou ld he lp to ident i fy rég iona l f ac to rs a f fec t ing 
s p e c i e s a b u n d a n c e s a n d loca l i zed sou rces of co lon iza t ion . 
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