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A B S T R A C T 

T h e Frémur is a 6 0 k m 2 ca t chmen t of Br i t tany w h e r e m a n y hydrau l ic w o r k s (dams, 

we i r s , g a u g i n g s t ruc tu res , etc.) have r e d u c e d t h e recru i tment by e lvers a n d g lass eels 

s ince at least 5 0 years . In 1992, an eel lift w a s bui l t on the ma in d a m (14 m h igh) and in 

1996 , t w o o ther d a m s (5 m h igh) loca ted d o w n s t r e a m w e r e e q u i p p e d w i th ee l passes to 

improve u p s t r e a m migra t ion . In 1995, be fore the cons t ruc t i on of the passes , ee l popu la t ion 

pa rame te rs (densi ty, b i omass a n d s ize d is t r ibu t ion) we re a s s e s s e d at the sca le of the 

w h o l e w a t e r s h e d by e lec t ro f ish ing ( remova l m e t h o d ) in 3 3 s ta t ions. T h e average b iomass 

w a s h igh (19 g /m 2 ) desp i te the n u m e r o u s phys ica l obs t ruc t ions . However , t he re w a s a n 

a c c u m u l a t i o n of ee l s d o w n s t r e a m m a n y hyd rau l i c w o r k s a n d v e r y l ow d e n s i t i e s 

immed ia te l y u p s t r e a m . Moreover , d o w n s t r e a m the first obs t ruc t ion , at 2 km f rom t h e sea, 

the popu la t i on is d o m i n a t e d by boot lace ee ls a n d e lvers (< 100 m m ) , w h e r e a s th is size 

c lass is absen t in u p s t r e a m reaches . T h e s e resu l ts sugges t tha t t he s tand ing capac i ty of 

t he w a t e r s h e d is not r eached a n d that the popu la t i on cou ld be e n h a n c e d in the nex t years 

by the recent ly insta l led eel passes . 

K e y - w o r d s : Anguilla anguilla, b i o m a s s , s ize d is t r ibut ion, hydrau l ic work , stock 

m a n a g e m e n t . 

D I S T R I B U T I O N S P A T I A L E D ' U N E P O P U L A T I O N D ' A N G U I L L E 

(ANGUILLA ANGUILLA L.) D A N S U N P E T I T B A S S I N V E R S A N T D U N O R D D E LA 

B R E T A G N E ( F R A N C E ) . C O N S É Q U E N C E S D ' A M É N A G E M E N T S H Y D R A U L I Q U E S . 

R É S U M É 

Le Frémur es t un bass in versant cô t ie r de B re tagne de 60 k m 2 c o m p o r t a n t de 

n o m b r e u x a m é n a g e m e n t s hydrau l iques (ba r rages , c h a u s s é e s de mou l i n , s ta t ions de 

j a u g e a g e , etc. ) ayant fo r temen t rédui t l 'accessib i l i té par les c ive l les depu i s au moins 

c i nquan te a n s . En 1992 , un a s c e n s e u r à angu i l l es a é té instal lé sur le pr inc ipa l bar rage 
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( 14 m d e hau t ) , puis en 1996 deux au t res obstac les (5 m de haut) ont é té a m é n a g é s p lus 

e n ava l pou r res taurer la l ibre c i rcu la t ion des angu i l les dans le bass in versant . En 1995, 

a v a n t l ' a m é n a g e m e n t d e s passes , l ' abondance et la s t ructure de la popu la t ion sont 

e s t i m é e s à l 'échel le du bass in ve rsan t par p ê c h e é lec t r ique dans 33 s tat ions (mé thode 

d ' é p u i s e m e n t des s tocks ) . La b i o m a s s e moyenne apparaî t é levée (19 g /m 2 ) ma lg ré la 

p r é s e n c e d e s obs tac les à la m ig ra t ion . Toutefois, on note une accumu la t i on d 'angu i l les en 

ava l d e n o m b r e u x a m é n a g e m e n t s hydrau l iques et de t rès faibles a b o n d a n c e s en a m o n t 

d e c e s d e r n i e r s . De plus, à l 'aval du premier obs tac le , à 2 k m de l 'estuaire, la popu la t ion 

es t d o m i n é e par les ind iv idus de m o i n s de 100 m m , a lors que cet te c lasse de tai l le est 

q u a s i m e n t a b s e n t e en amon t . C e s résul tats suggè ren t que le potent ie l d 'accue i l du bass in 

v e r s a n t n 'est sans d o u t e pas at te int et que les b i omasses m o y e n n e s pour ra ien t a u g m e n t e r 

a v e c l 'amél io ra t ion d e s cond i t i ons de migrat ion g râce aux passes à po issons . 

M o t s - c l é s : Anguilla anguilla, b i o m a s s e , s t r uc tu re d e ta i l le , a m é n a g e m e n t 

h y d r a u l i q u e , ges t ion d e s s tocks . 

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

T h e Frémur (F igure 1) is a sma l l river of nor thern Br i t tany (France) wh i ch o p e n s into 

t h e C h a n n e l next to Sa in t -Ma lo . Its ca tchment covers abou t 60 k m 2 and the overal l length 

of t h e r iver a n d its t r ibu tar ies is 4 5 k m , compr is ing 17 km for the main s t r eam. T h e s lope 

v a r i e s b e t w e e n 0.1 % a n d 2 % for an average of 0.6 %. Desp i te its smal l s ize, the Frémur 

p r o v i d e s for a w ide range of hab i ta ts f rom h igh veloc i ty s t reams of the t rout z o n e to lent ic 

w a t e r s of t h e b ream z o n e in d o w n s t r e a m areas , m a n m a d e ponds a n d reservo i rs , 

w e t l a n d s , e tc . The to ta l ex tent of wa te r is rough ly 50 ha a m o n g wh ich 5 ha of runn ing 

w a t e r s ( s t reams) a n d 45 ha of stil l waters (ponds and reservo i rs) There fo re , th is r iver 

a p p e a r s to be representa t ive of sma l l coasta l c a t c h m e n t s of Wes te rn France. 

Th i s natura l continuum h a s been d is turbed by several hydraul ic w o r k s wh i ch reduce 

t h e a v e r a g e velocity, i nc rease the depths a n d have conduc ted the c o m m u n i t y to be 

d o m i n a t e d by lentic wa te r spec ies of the b r e a m zone . T h e s e works a lso pena l i ze eel 

m i g r a t i o n s a n d reduce rec ru i tmen t by elvers a n d by ye l low eels . Abou t 12 f lavour mil l we i rs 

w e r e bui l t du r ing the X V t h cen tu ry but nowadays on ly 3 remain . More recent ly, at the 

b e g i n n i n g of t he century , a 4 m h igh d a m was built at 2 km f rom the river m o u t h to p rov ide 

t h e counc i l w i th d r i nkab le water. Dur ing Wor ld W a r II, several 5 m high conc re te d a m s 

w e r e a l so bui l t for s t ra teg ic reasons , a single o n e rema ins nowadays . In 1 9 9 1 , a 3 mi l l ion m 3 

c a p a c i t y reservo i r w a s c rea ted to p rov ide Sa in t -Malo for d r inkab le water : the 14 m h igh d a m 

of Bo is Jo l i w a s e q u i p p e d wi th an eel lift to pe rm i t e lvers to migra te ups t ream. 

In 1 9 9 3 , a sho r t su rvey by the local f i shery author i ty s h o w e d that on ly 2 to 3 000 

e l ve rs w e n t past t he Bo is Jol i d a m using this lift. T h e resul t ing recru i tment indice 

(50 e l ve rs / km 2 / yea r ) is abou t 10 t imes lower than those of s imi lar c a t c h m e n t s in Bri t tany, 

for i n s t a n c e the rec ru i tmen t is 563 e lvers /km 2 / year in the A r g u e n o n , a ne ighbour ing river 

( L E G A U L T , 1994) . Th i s abno rma l l y low recru i tment indice w a s possib ly d u e to 2 we i rs 

l oca ted d o w n s t r e a m the Bo is Jol i ee l lift. There fo re , both these obs tac les w e r e e q u i p p e d 

w i t h e lver passes in 1996 . 

A n in teres t ing ques t ion rose f r om this s i tuat ion : w h a t are the ef fects of th is k ind of 

e q u i p m e n t on the d y n a m i c s a n d the eco logy of eel popu la t ions at the sca le of w h o l e 

c a t c h m e n t s ? If severa l su rveys of e lver or ee l recru i tment are now avai lab le ( J E L L Y M A N , 

1 9 7 7 ; M O R I A R T Y , 1986 ; L E G A U L T , 1994 ; G A S C U E L et ai, 1995 ; M A R T I N , 1995 ; 

e tc . ) o n l y a few s t u d i e s have re la ted r ec ru i tmen t t r ends to p o p u l a t i o n d y n a m i c s 
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Sectors 

Reservo i r 

Electrof ishings'^ 
Fyke nets 
Obstruct ions 
(see Tab le I) 

Figure 1 
Geograpliic location of Frémur's watershed, sampling stations and obstructions 
to upstream migration. 

Figure 1 
Situation géographique du bassin versant du Frémur, emplacement des stations 
de pêche et des obstacles à la migration anadrome. 

( V O L L E S T A D a n d J O N S O N , 1 9 8 8 ) a n d n o n e a i m e d t o c o n d u c t a l o n g - t e r m s u r v e y o f the 
e f f e c t s o f m i g r a t i o n w a y s r e s t o r a t i o n o n t h e d y n a m i c s o f a n e e l p o p u l a t i o n at t h e s c a l e of a 
w h o l e c a t c h m e n t . S u c h p r o g r a m m e s t a r t e d in 1 9 9 5 o n t h e Frémur a n d is st i l l c o n d u c t e d by 
F i s h - P a s s c o m p a n y a n d t h e U n i v e r s i t y o f R e n n e s 1 . 

T h e p u r p o s e o f t h i s p a p e r is t o d e s c r i b e t h e c h a r a c t e r i s t i c s o f t h e e e l p o p u l a t i o n 
( s i z e s t r u c t u r e , d e n s i t y a n d b i o m a s s ) in t h e Frémur's c a t c h m e n t , b e f o r e t h e i n s t a l l a t i o n of 
e l v e r p a s s e s o n t h e d a m s . S p e c i a l e m p h a s i s is g i v e n t o a n a l y s e t h e e f f e c t s o f h a b i t a t , of 
t h e d i s t a n c e f r o m t h e s e a a n d o f h y d r a u l i c w o r k s o n t h e s p a t i a l d i s t r i b u t i o n o f the 
p o p u l a t i o n . 
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M A T E R I A L A N D M E T H O D S 

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

G e n e r a l detai ls w e r e ind ica ted in the In t roduc t ion . In the descr ip t ion hereaf ter , we 

d i s t i ngu i sh u p s t r e a m s ta t ions (> 8 k m from t h e sea) f rom d o w n s t r e a m sta t ions (< 8 km 

f r o m t h e s e a ) . 

T h e ave rage dep ths (e.g. ave rage m a x i m u m dep ths across a range of s t r eam 

s e c t i o n s ) r a n g e d f rom 45 c m (15 - 100 cm) in ups t ream reaches to 105 c m (30 - 150 cm) 

d o w n s t r e a m . 

T h e ave rage w id ths w e r e compr i sed b e t w e e n 2.5 m (0.5 - 4.5 m) ups t ream and 

2 .9 m (1.5 - 5.5 m) d o w n s t r e a m . 

W a t e r ve loc i ty (max ima l ve loc i ty across a s t ream sect ion) ranged be tween 0 a n d 

0 .30 m/s acco rd i ng to the r iver sec t ion . No s t rong wa te r veloc i ty inc rement w a s no ted f rom 

u p s t r e a m to d o w n s t r e a m reaches , probably d u e to the sho r tness of the r iver (17 km) , its 

m o r p h o l o g y (a l te rnat ing p la ins a n d s lopes) a n d to the success ion of hydraul ic wo rks . 

W a t e r w a s f resh (sal in i t ies c lose to zero) in all the samp led s ta t ions. Conduc t i v i t i es 

a v e r a g e d 4 1 0 us /cm a n d ranged f r om 300 to 530 us /cm. M a x i m u m conduc t i v i t i es we re 

a l w a y s o b s e r v e d at t he out le ts of s e w a g e plants. 

In 6 5 % of the s ta t ions s a m p l e d in the upper reaches of the ca tchmen t , subs t ra tum 

w a s d o m i n a t e d by gravel or by s a n d , and si l t in the o thers . Benea th the d a m of Pont ès 

O m n è s , t h e s u b s t r a t u m w a s ve ry si l ty due t o m u d f rom agr icu l ture or s e w a g e p lants , or 

c lay d e p o s i t s du r ing m a r i n e t ransgress ions in the mos t d o w n s t r e a m reaches. 

Vege ta t i on cover w a s ma in ly due to r ipar ian he lophytes and t rees. T h e r e w a s a 

s u c c e s s i o n of sec t ions f low ing t h rough wood lands , ma rshes , m e a d o w s or cu l tures (main ly 

c o r n ) p r o v o k i n g a ve ry h e t e r o g e n e o u s vegeta t ion cover. 

M a n y obs t ruc t i ons to eel migrat ion a r e p resent in the wa te rshed . The ma in o n e s 

( b a r r a g e s a n d wei rs ) a re d e s c r i b e d in the In t roduct ion. Minor w o r k s such as p ipes 

u n d e r r oads , wa te r f low g a u g i n g dev ice , br idge, etc. (see Table I) were a lso cons ide red as 

po ten t ia l t e m p o r a r y obs tac les to eel migrat ion. 

Ee l s a m p l i n g i n r u n n i n g w a t e r h a b i t a t s 

Elec t ro f i sh ings w e r e c o n d u c t e d in 30 m long s t ream sect ions de l im i ted by 3 m m 

m e s h s top nets . A « heron » ( L A M A R Q U E et al., 1978) appara tus w a s used and de l i ve red 

d i rec t cu r ren t (150 to 365 V a n d 0.8 to 6 A) . Acco rd ing to the width and the dep th of r iver 

s e c t i o n , f i sh ings w e r e e i ther c o n d u c t e d wad ing in the water or f rom a boat (0.09 % of the 

s ta t i ons ) . A s tanda rd i sed dep le t ion method ( F E U N T E U N , 1994 ; L A M B E R T e r a / . , 1994) 

w a s u s e d t o assess f ish a b u n d a n c e (number and g /m 2 ) us ing C A R L E a n d S T R U B (1978) 

es t ima to r . A total of 3 3 r iver sec t ions were samp led be tween the es tuary a n d s t r eams 

l oca ted 15 k m u p s t r e a m in Sep tember 1995 . In the deepes t habi ta ts (ponds a n d 

reservo i r s ) w e also u s e d unba i ted fyke nets (3 m m mesh ) , and the resul ts we re used to 

d e s c r i b e t h e popu la t ion s t ruc ture but were no t used for s tock assessmen t . 
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T a b l e I 

C h a r a c t e r i s t i c s o f h y d r a u l i c w o r k s o n t h e F r é m u r ' s w a t e r s h e d a n d e f f e c t s o n 
u p s t r e a m m i g r a t i o n . U : u n p a s s a b l e o b s t r u c t i o n ; T U : t e m p o r a r i l y u n p a s s a b l e 
o b s t r u c t i o n a n d P : p a s s a b l e o b s t r u c t i o n . 

T a b l e a u I 

C a r a c t é r i s t i q u e s d e s o u v r a g e s h y d r a u l i q u e s d u b a s s i n v e r s a n t d u F r é m u r e t 

e f f e t s s u r la m i g r a t i o n a n a d r o m e d e s a n g u i l l e s . U : o b s t a c l e i n f r a n c h i s s a b l e ; 

T U : t e m p o r a i r e m e n t i n f r a n c h i s s a b l e e t P : f r a n c h i s s a b l e . 

( F i g u r a i ) 
Func t ion 

Elevat ion 
(m) 

Length 
(m) 

Water dep th 
(cm) 

Veloci ty 
(m/s) 

E f fec ts on 
upst ream 
migra t ion 

A Disaffected tidal water mill 0 t o 4 - - 0 P U 
B Drinkable water reservoir 6 - 0 . 5 - 1 0 0 PU 
C Strategic dam 4 - 0.5 - 30 0 PU 
D Drinkable water reservoir 14 - 0 - 10 0 U 
E Gauging weir 1.2 - 2 - 5 0 0 PU 
F Disaffected mill weir 3 - 1 - 5 0 0 P U 
G Disaffected mill weir 2.5 - 1 - 50 0 PU 
H Bridge sill 0.2 12 3 - 4 0 0.2 p 
1 Bridqe sill 0.5 6 1 - 2 0 0.35 PU 
J Pipes under road 0.9 28 1 - 15 0.40 PU 

Da ta c o l l e c t e d 

Whateve r f ish ing m e t h o d , ee ls w e r e m e a s u r e d , w e i g h e d and re leased ou ts ide the 

s a m p l e d r iver sec t ion immed ia te l y af ter their cap ture . Severa l pa rame te rs w e r e m e a s u r e d 

to ana lyse eel d ist r ibut ion versus habi ta t cond i t ions : dep th , w id th , wa te r velocity, 

vege ta t ion cover, subs t ra tum. Cons ide r i ng the sha l lowness of the s t r e a m , capturabi l i ty 

w a s ve ry h igh (p = 0.70 on ave rage) . There fo re , the ef f ic iency of the m e t h o d appea red to 

be ve ry good for eel ( inc lud ing large ee ls) samp l i ng as it has been s t ressed in prev ious 

s tud ies (i.e. F E U N T E U N , 1994 ; L A M B E R T et al., 1994) . T h e ef f ic iency of the samp l ing 

m e t h o d w a s tes ted using fyke ne ts in still a n d d e e p wate rs , a n d c o n f i r m e d the scarci ty of 

ee ls larger than 7 6 0 m m in the ca t chmen t . 

R E S U L T S 

A b u n d a n c e 

A total of 1 080 ee ls w e r e c a p t u r e d a m o n g the 3 3 e lec t ro f i shed s ta t ions a n d the 5 

fyke net s ta t ions. The average a b u n d a n c e w a s 0.51 e e l / m 2 a n d 19 g / m 2 (F igure 2) . 

There fo re , in a pre l im inary ana lys is , the a b u n d a n c e of the Frémur 's eel popu la t ion seems 

ve ry h igh c o m p a r e d to o ther wes t E u r o p e a n ca t chmen ts but this is not very surpr is ing 

cons ide r i ng the sho r tness of the s tud ied river ( F E U N T E U N et al., 1992 ; F E U N T E U N , 

1994 ; M O R I A R T Y and D E K K E R , 1997) . Th i s shows the ef f ic iency of the eel lift, bu t also 

ind ica tes that t he d a m s loca ted d o w n s t r e a m are not total ly impassab le for e lvers despi te 

thei r charac ter is t i cs (see In t roduct ion a n d Table I). Never the less , the spat ia l d is t r ibut ion 

w a s ve ry he te rogeneous : 0 to 1.97 e e l s / m 2 a n d 0 to 55 g / m 2 acco rd ing to the s ta t i on , and 

w e d id not obse rve an ev ident d im inu t ion of a b u n d a n c e w i th the d is tance to the s e a which 

is usua l ly desc r i bed in longer r ivers (EL IE and R I G A U D , 1984 ; T Z E N G et al., 1995 ; etc.). 
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F i g u r e 2 
D e n s i t y a n d b i o m a s s o f e e l p o p u l a t i o n in t h e 3 3 e l e c t r o f i s h e d r i v e r s e c t i o n s 
a c c o r d i n g t o t h e d i s t a n c e f r o m t h e r iver m o u t h . 

F i g u r e 2 
D e n s i t é e t b i o m a s s e d e la p o p u l a t i o n d ' a n g u i l l e s d a n s l e s 3 3 s t a t i o n s 
é c h a n t i l l o n n é e s p a r p ê c h e é l e c t r i q u e e n f o n c t i o n d e la d i s t a n c e à l ' e s t u a i r e . 

W e a t temp ted to exp la in th is he te rogeneous d is t r ibut ion and especia l ly why s o m e 

pa r t s of t h e r iver con ta ined low or nil densi t ies and b i omass of ee ls by test ing t h e ef fects of 

severa l hab i ta t var iab les on popu la t ion character is t ics such as dep th , w id th , d is tance f rom 

the s e a , d i s tance f r om an obs t ruc t ion , subst ra tum, vegeta t ion cover (not p resen ted here) . 

N o s ign i f i can t relat ion w a s found . Never the less, par t of the explanat ion appea red by 

a n a l y s i n g ee l dens i t ies versus the d is tance to minor hydraul ic works like d ischarge 

m e a s u r i n g s t ruc tu res , sill of b r idges , e tc . In mos t s i tuat ions, w e obse rved a progress ive 

a c c u m u l a t i o n of ee ls f rom ups t ream a given obst ruc t ion to downs t ream the next one 

(Table II). B e t w e e n t w o obs t ruc t ions , habitat pa ramete rs a lso in f luenced eel d is t r ibut ion 

(i.e. sec to r 3, located far f r om obst ruct ions, con ta ined m a x i m u m eel dens i t ies) . T h e 

a v e r a g e b iomass immed ia te l y downs t ream the obst ruc t ions (< 400 m) is 24.3 g / m 2 

(0 .66 e e l / m 2 ) w h e r e a s it is mo re than three t i m e s lower immedia te ly ups t ream (< 400 m) . 

T h e d i f f e rence in dens i ty b e t w e e n ups t ream and d o w n s t r e a m reaches of phys ica l 

obs t ruc t i ons is stat ist ical ly s ign i f icant whatever the tes ted sect ion (T test , Table II). T h u s , 

w h o l e a r e a s , genera l ly (but not a lways) loca ted c lose ly (< 4 0 0 m ) ups t ream obs tac les , 

c o n t a i n e d low eel b i omass (0 to 5 g/m 2 ) desp i te apparen t l y sui table habitat cond i t ions 

s imi lar to t h o s e noted d o w n s t r e a m the obstruct ions. 
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T a b l e II 
C o m p a r i s o n o f ee l b i o m a s s u p s t r e a m a n d d o w n s t r e a m p h y s i c a l o b s t r u c t i o n s . T 
t e s t : S t u d e n t t t e s t o n i n d e p e n d e n t s a m p l e s . T t e s t p a i r e d : S t u d e n t t t e s t o n 
p a i r e d s a m p l e s . 

T a b l e a u II 
C o m p a r a i s o n d e s b i o m a s s e s d ' a n g u i l l e s e n a m o n t e t e n a v a l d e s o b s t a c l e s à la 
m i g r a t i o n . T t e s t : t e s t t d e S t u d e n t s u r é c h a n t i l l o n s i n d é p e n d a n t s . T t e s t p a i r e d : 
t e s t t d e S t u d e n t s u r é c h a n t i l l o n s a p p a r i é s . 

Biomass (g/m2) Density (nb/m 2) 
Sectors Downstream Upstream Downstream Upstream 
4vs5 26 7 0,33 0,10 

28 9 1,10 0,15 
16 5 0,30 0,10 

Mean 23,3 7,0 0,58 0,12 
T t e s t 0,01 0,08 
8vs9 33 9 0,73 0,31 

17 11 0,59 0,32 
Mean 25,0 10 0,66 0,32 
T t e s t 0,10 0,02 
10vs 11 21 10 0,53 0,30 

30 2 0,73 0,05 
Mean 25,50 6,00 0,63 0,18 
T t e s t 0,04 0,05 
Ail 
Mean 24,4 7,6 0,62 0,19 
SE 6,6 3,2 0,27 0,12 
T t e s t 0,00 0,00 

In order to test seasona l var ia t ions in the popu la t ion 's spat ia l d is t r ibu t ion , w e 

conduc ted a samp l i ng c a m p a i g n in March (unpub l i shed da ta ) . S imi lar concent ra t ions 

benea th obs t ruc t ions and d im inu t ion of b i omass ups t ream were o b s e r v e d . Therefore, it 

w a s a s s u m e d that eel d is t r ibut ion w a s fair ly s table th roughou t a year pe r iod . Th is is rather 

surpr is ing c o m p a r e d to o ther s tud ies (i.e. A D A M , 1997) in lakes w h e r e yel low ee ls were 

desc r i bed to m o v e f r om sha l l ow to d e e p a reas accord ing to the s e a s o n . Fur ther s tudies 

are now in p rogress to c lar i fy th is par t icu lar point . 

S i z e d i s t r i b u t i o n o f p o p u l a t i o n 

T h e obs t ruc t ion d a m s c a u s e to eel migra t ion is con f i rmed by the ana lys is of t h e size 

d is t r ibut ion of the popu la t ion (F igure 3 ) . At the sca le of the w h o l e w a t e r s h e d , s izes were 

compr i sed be tween 6 0 m m a n d 7 2 0 m m . Elvers of 6 0 - 8 0 m m w e r e str ic t ly con f ined to 

sec t ions located d o w n s t r e a m the obs t ruc t ion of Pont Avet . 
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F i g u r e 3 
S p a t i a l v a r i a t i o n o f t h e s t r u c t u r e o f t h e eel p o p u l a t i o n in 12 s a m p l e d s e c t o r s (Bj : 
f y k e n e t f i s h i n g s in t h e r e s e r v o i r o f B o i s J o l i ) . 

F i g u r e 3 
V a r i a t i o n s p a t i a l e d e la s t r u c t u r e d e t a i l l e d e s a n g u i l l e s c a p t u r é e s d a n s 12 
s e c t e u r s d e p ê c h e (Bj : p ê c h e s r é a l i s é e s a u x f i l e t s v e r v e u x d a n s la r e t e n u e d u 
B o i s J o l i ) . 
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Apa r t f r om t h e s e ve ry smal l e lvers (< 8 0 m m ) , eve ry s ize c lass s e e m e d to be 

d is t r ibuted t h roughou t the river, a l though ee ls of t he year (e.g. ee ls < 180 m m ) a r e scarce 

and main ly f ound in d o w n s t r e a m a reas (F igure 3) . However , the p resence of this s ize 

c lass in every s a m p l e d sec to rs ( inc lud ing ups t ream) s h o w s tha t ee ls are able to co lonize 

the w h o l e w a t e r s h e d wi th in a year. Th i s con f i rms o the r w o r k s desc r i b ing rapid co lon iza t ion 

of long r ivers w i th in a year. For ins tance, ee ls of t he yea r w e r e t r a p p e d in eel passes o n a 

t r ibutary of t he Loi re at m o r e than 2 5 0 km u p s t r e a m the e s t u a r y (LEGAULT, 1996) . T h i s 

sugges t s tha t no s t rong var ia t ion of the eel popu la t ion s t ruc tu re shou ld be expec ted in the 

F rémur acco rd ing so le ly to the d is tance f r om the s e a . Neve r the less , s t rong popu la t ion 

s t ruc tu re spat ia l var ia t ion occu r red (Table III) : sec tor 1 is s ign i f icant ly di f ferent f r o m all t he 

o ther sec to rs d u e the h igh p ropor t ion (44 % ) of 8 0 - 1 0 0 m m s ize c lasses . The sector of 

Bois Jol i a lso s ign i f icant ly di f fers f rom all t he o the rs b e c a u s e of t he h igh propor t ion of 

larger s ize c l asses ; p robab ly d u e to a comb ina t i on of hab i ta t cond i t i ons ( lake vs running 

water ) and the f i sh ing dev ice (fyke net vs e lect r ic f i sh ing) . T h e h o m o g e n e i t y of t he o ther 

sec to rs is h igher (S iD c o m p r i s e d be tween 10 and 3 ) . 

Th i s sugges t s a concen t ra t i on of e lvers b e n e a t h th is d a m unti l they attain a 

suf f ic ient s ize to d isp lay op t ima l c l imb ing behav iou r a n d unti l favourab le hydraul ic cond i t ions 

occur enab l ing to pass over it. T h e n , the e lvers a t tempt to co lon i ze the w h o l e wa te rshed a n d 

the popu la t ion s t ruc tu re t e n d s to b e c o m e less h e t e r o g e n e o u s . 

T h e i r regular bu t p rog ress ive m e a n s ize inc rease of t h e ee ls in re lat ion to d is tance 

f rom the s e a is t hough t to be c a u s e d by the 10 obs t ruc t i ons wh i ch interfere on the 

migra t ion d y n a m i c s . 

T a b l e III 
P a i r e d c o m p a r i s o n o f l e n g t h f r e q u e n c y d i s t r i b u t i o n o f e e l s c a u g h t in t h e 12 
d i f f e r e n t s e c t o r s . K o l m o g o r o v S m i r n o v t e s t f o r i n d e p e n d e n t s a m p l e s . N b SiD : 
n u m b e r o f s i g n i f i c a n t d i f f e r e n c e s (99 % ) . 

T a b l e a u III 
C o m p a r a i s o n d e u x à d e u x d e s f r é q u e n c e s d e t a i l l e d ' a n g u i l l e s o b s e r v é e s d a n s 
les 12 s e c t e u r s d ' i n t e r v e n t i o n . T e s t d e K o l m o g o r o v S m i r n o v p o u r é c h a n t i l l o n s 
i n d é p e n d a n t s . N b S i D : n o m b r e d e d i f f é r e n c e s s i g n i f i c a t i v e s a v e c l e s a u t r e s 
s e c t e u r s a u s e u i l d e 9 9 % . 

Sector 1 2 3 4 S 6 7 8 9 10 11 Bj 

1 1,000 
2 0,000 1,000 
3 0,000 0,004 1,000 
4 0,000 0,022 0,001 1,000 
5 0,000 0,012 0,412 0,156 1,000 
6 0,000 0,002 0,010 0,003 0,002 1,000 
7 0,000 0,020 0,000 0,001 0,000 0,000 1,000 
8 0,000 0,010 0,382 0,324 0,427 0,026 0,000 1,000 
9 0,000 0,049 0,000 0,018 0,007 0,000 0,009 0,017 1,000 
10 0,000 0,189 0,374 0,667 0,903 0,040 0,002 0,372 0,019 1,000 
11 0,000 0,230 0,005 0,207 0,084 0,002 0,039 0,096 0,325 0,039 
Bj 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 

1,000 

Nb SID 11 5 8 7 6 10 9 4 6 3 4 11 
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C O N C L U S I O N S - R E S E A R C H A N D M A N A G E M E N T P E R S P E C T I V E S 

Desp i t e the p r e s e n c e of severa l hydraul ic works wh ich reduce accessib i l i ty to 

u p s t r e a m z o n e s , the eel popu la t ion of the Frémur 's ca tchment is very dense c o m p a r e d to 

o t h e r E u r o p e a n and French waters . Th i s shows the ef f ic iency of the eel lift cons t ruc ted on 

t h e 14 m h igh d a m of Bo is Jo l i , but it a lso shows that even impor tan t obs t ruc t ions such as 

w e i r s a r e passab le for e lvers under cer ta in hydraul ic cond i t ions and main ly for s ize c lasses 

c o m p r i s e d b e t w e e n 100 a n d 150 m m . The impor tan t concent ra t ion of ee ls d o w n s t r e a m 

seve ra l hyd rau l i c w o r k s ind ica tes that co lon izat ion of the ca t chmen t is reduced on the 

F rémur . T h e co lon iza t ion of the c a t c h m e n t is ma in ly due to smal le r ind iv iduals : most of 

t h e w o r k s a re impassab le for ee ls that exceed 180-200 m m . Consequen t l y , the spat ia l 

d i s t r i bu t i on is very a g g r e g a t e d , w h i c h suggests a concen t ra t ion in the most sui table 

hab i t a t s and /o r immed ia te l y d o w n s t r e a m obst ruc t ions a n d less favourab le s i tes rema in 

u n o c c u p i e d by eels . Unfor tunate ly , no signi f icant d i f ferences we re o b s e r v e d be tween 

cha rac te r i s t i c s of s ta t ions wi th a n d wi thout ee l s and our a t tempt to def ine eel habi tat 

su i tab i l i t y index has to be pu rsued on a wider range of samp les . S u c h invest igat ion has 

s c a r c e l y b e e n c o n d u c t e d ye t ( K L E I N - B R E T E L E R , 1997) . So, a l t hough h igh average 

a b u n d a n c e s w e r e r eco rded at the sca le of the wa te rshed , the eel s tock of Frémur 's 

c a t c h m e n t c o u l d p r o b a b l y be e n h a n c e d u n d e r n o r m a l r e c r u i t m e n t c o n d i t i o n s . In 

S e p t e m b e r 1 9 9 6 , ee l p a s s e s w e r e f ixed on the two ma in obs t ruc t ions located at less than 

5 k m f r o m t h e sea a n d the re la t ions between recru i tment and popu la t ion pa rame te rs wil l 

t h u s be a s s e s s e d . 

A m e a n te rm s tudy has n o w s tar ted a n d wil l be conduc ted at least until 1999 to 

a n a l y s e t h e c o n s e q u e n c e of t hese dev i ces on eel popu la t ion d y n a m i c s a n d eco logy at the 

s c a l e of t he who le ca t chmen t . To a t ta in such goals , several expe r imen ta l dev ices have 

b e e n ins ta l l ed : an e lver t rap a n d a si lver eel t rap were built on the d a m of Pont ès O m n è s 

a t 4 k m f r o m the s e a . T h e y w e r e careful ly des igned to cap tu re every ascend ing and 

d e s c e n d i n g mig ra t ing ee l . The re fo re , dai ly surveys conduc ted th roughou t the year shou ld 

e n a b l e us to d e t e r m i n e s e a s o n a l a n d yearly f luc tua t ions of m igra to ry f luxes. T h e latter wi l l 

be re la ted to biotic and abiot ic fac tors such as tempera tu re , water f low, popu la t ion and 

c o m m u n i t y pa rame te r s , etc. Each year, a popula t ion assessmen t , c o n d u c t e d at the sca le 

of t h e w a t e r s h e d us ing e lect r ic f i sh ing in running sha l low wa te rs a n d fyke nets in d e e p stil l 

hab i t a t s ( p o n d s and reservo i rs ) shou ld also permi t us to assess the ef fects of the dev ices 

o n r e c r u i t m e n t and popu la t i on character is t ics (density, b iomass , age a n d s ize d is t r ibut ion, 

mo r t a l i t y , e s c a p e m e n t t o w a r d s t h e sea, e tc . ) a n d spa t ia l d i s t r i bu t i on ( f i sh -hab i ta t 

re la t i onsh ip ) . Each year, 5 0 0 to 1 0 0 0 ee ls wil l be marked wi th PIT tags . Th is w o r k a ims to 

p r o v i d e for in fo rmat ion abou t life h is tory of the recaptured eels , e i ther du r i ng the f ish ings or 

in t h e s i lver eel t raps . Ef fects of env i ronmenta l events on g rowth , spat ia l d is t r ibut ion, 

m i g r a t i o n d y n a m i c s a n d phys io logy wil l thus be ana lysed . 

T h i s su rvey cou ld p rov ide for a moni tor ing me thodo logy wh i ch ough t to be used in 

severa l w a t e r s h e d s d is t r ibu ted at t he range of the European eel popu la t ion . Bes ide the 

sc ien t i f i c in fo rmat ion it w o u l d p rov ide for, such a mon i to r ing cou ld be n e c e s s a r y wi th in the 

ve ry nex t y e a r s as a rel iable da ta s o u r c e for a susta inable m a n a g e m e n t of the s tock of th is 

dec l i n i ng spec ies ( F O N T E N E L L E e r a / . , 1997 ; M O R I A R T Y and D E K K E R , 1997) . 

A C K N O W L E D G E M E N T S 

T h i s s tudy w a s f u n d e d by the Minist ry of Env i ronment , the A g e n c e de l 'Eau Loire 

B r e t a g n e , the Reg iona l Counc i l of Brittany, the Conse i l Supé r i eu r de la Pêche and the 

Fédé ra t i on D é p a r t e m e n t a l e d e s Assoc ia t ions Ag réées de P ê c h e et de Protect ion des 

M i l i eux A q u a t i q u e s d' I l le et V i la ine. Special thanks to M. V E R D I E R , the Pres ident of the 

lat ter ins t i tu t ion . 



Bull. Fr. Pêche Piscic. (1998) 349:129-139 — 139 — 

R E F E R E N C E S 

A D A M G. , 1997 . L'anguil le e u r o p é e n n e (Anguilla anguilla L. 1758) : d y n a m i q u e d e la s o u s -

popu la t ion du lac de Grand -L ieu e n re lat ion avec les fac teurs env i r onnemen taux et 

an th rop iques . T h è s e Univers i té de Tou louse 3, 2 9 9 p. 

C A R L E F.L., S T R U B M.R., 1978. A n e w m e t h o d for es t ima t ing popu la t ion s ize f r o m 

remova l da ta . Biometrics, 34, 6 2 1 - 6 3 0 . 

EL IE P., R I G A U D C , 1984 . É tude de la popu la t ion d 'angu i l les de l 'estuaire et du bass in ver­

sant de la V i la ine : pêcher ie , b io log ie , éco log ie . E x a m e n par t icu l ier de l ' impact du 

ba r rage d 'Arza l sur la migra t ion a n a d r o m e . R a p p o r t C E M A G R E F , 174 p. 

F E U N T E U N E., R I G A U D C , ELIE P., 1992 . Le mara i s d o u x e n d i g u é de Bourgneuf -

M a c h e c o u l : p rem ie rs é l émen ts de c o n n a i s s a n c e d u p e u p l e m e n t p isc ico le ; relat ion 

i ch tyo faune-hab i ta t ; m ise en év i dence de p r o b l è m e s ma jeu rs de g e s t i o n . Revue 

des Sciences de l'Eau, 5 (4), 5 0 9 - 5 2 7 . 

F E U N T E U N E., 1994 . Le peup lemen t p isc ico le du mara i s l i t toral e n d i g u é de Bourgneuf -

M a c h e c o u l (France, Lo i re -A t lan t ique) . A p p r o c h e m é t h o d o l o g i q u e pour une ana lyse 

quant i ta t i ve de la d is t r ibut ion spat ia le du p e u p l e m e n t p isc ico le et de la d y n a m i q u e 

de c e r t a i n e s de s e s popu la t ions . T h è s e Un ivers i té de R e n n e s I, 2 4 0 p. + annexes . 

F O N T E N E L L E G. , F E U N T E U N E., B R I A N D C , 1997 . French repor t . In M O R I A R T Y C. 

a n d D E K K E R W. (eds) , M a n a g e m e n t of E u r o p e a n eel f i sher ies , Irish Fish. Bull., 15, 

7 5 - 8 1 . 

G A S C U E L D., F E U N T E U N E., F O N T E N E L L E G. , 1995 . S e a s o n a l d y n a m i c s of es tuar ine 

migra t ion in g lass ee ls (Anguilla anguilla). Aquat. Living Ressources, 8 (2), 123-

133. 

J E L L Y M A N D.J., 1977 . S u m m e r ups t ream mig ra t ion of j uven i le f reshwate r ee ls in N e w 

Z e l a n d . N. Z. J. Mar. Freshwater Res., 11 (1), 61 - 7 1 . 

K L E I N - B R E T E L E R J . , 1997 . In E IFAC/ ICES w o r k i n g g roup o n ee l . I jmu iden , 23-27 

S e p t e m b e r 1996, EIFAC occas iona l p a p e r N° 33 , 18 p. 

L A M A R Q U E P.J., A R I G N O N J . , G O S S E T C , 1978 . C o m p a r a i s o n d e s appare i l s de pêche à 

l 'é lectr ic i té E P M C et H é r o n . Bull. Fr. Pêche Piscic., 270, 2 2 3 - 2 3 6 . 

L A M B E R T P., F E U N T E U N E.T R I G A U D O , 1994 . Eel s tudy in f reshwa te r m a r s h e s . First 
ana lys i s of ca tch probabi l i ty o b s e r v e d du r i ng e lect r ic f i sh ing opera t ions . Bull. Fr. 
Pêche Piscic, 335 (4), 111 -122 . 

L E G A U L T A., 1994 . E tude pré l imina i re du rec ru temen t f luv ia l de l 'angui l le. Bull. Fr. Pêche 

Piscic, 335 (4), 33 -42 . 

L E G A U L T A., 1996. Co lon iza t i on d y n a m i c s of a c a t c h m e n t a rea by ee l . Charac te r i sa t ion 

of m ig ra t ing popu la t i ons in a f ree a c c e s s river. In L E C L E R C et al. (1996) , 

P r o c e e d i n g s of the s e c o n d IAHR o n hab i ta ts hydrau l ics , ecohydrau l i cs , 2 0 0 , 89-98. 

M A R T I N M.H. , 1995 . T h e ef fects of t empe ra tu re , r iver f low, and t idal cyc les on t h e onset 

of g lass ee l a n d e lver migra t ion into f resh wa te r in the A m e r i c a n ee l . J. Fish Biol., 

46, 8 9 1 - 9 0 2 . 

M O R I A R T Y C , 1986. R iver ine migrat ion of y o u n g ee ls Anguilla anguilla (L. ) . Fisheries 

Research, 4, 43 -58 . 

M O R I A R T Y C , D E K K E R W., (eds) , 1997 . M a n a g e m e n t of E u r o p e a n eel f i sher ies . Irish 

Fish. Bull., 15, 108 p. 

T Z E N G W . N . , C H E N G P.W., L IN F Y , 1 9 9 5 . R e l a t i v e a b u n d a n c e , sex ra t i o and 

popu la t i on s t ruc tu re of the J a p a n e s e eel Anguilla japonica in the Tanshu i River 

s y s t e m of no r the rn Ta iwan . J. Fish Biol., 46, 1 8 3 - 2 0 1 . 

V O L L E S T A D L.A., J O N S O N B., 1988. A 13-year s tudy of popu la t ion d y n a m i c s and growth 

of t he E u r o p e a n eel (Anguilla anguilla) in a N o r v e g i a n r iver : ev idence for densi ty 

d e p e n d a n t mortal i ty , a n d deve lopmen t of a m o d e l for p red ic t ing y ie ld . J. Anim. 

Ecoi, 57 (3), 9 8 3 - 9 9 7 . 


