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(1) In land F isher ies Inst i tute, R iver F isher ies Labora tory , Redu ta Zbil< 5, 80 -761 G d a n s k , 

Po logne . 

(2) Inst i tut Nat iona l de la Reche rche A g r o n o m i q u e ( INRA) , S ta t ion d 'Hyd rob io log ie , BP 3, 

6 4 3 1 0 Sa in t -Pée-sur -N ive l le , F rance . 

R É S U M É 

La réponse d e juvén i les de s a u m o n aux fo r tes ba isses de n iveau carac tér is t iques d e 
l 'é t iage n 'est p a s b ien c o n n u e . T ro is e x p é r i e n c e s on t é té m e n é e s en f in d 'é té dans un 
ru i sseau art i f ic iel compor tan t d e s sé r i es d e 3 b ie fs (10 m x 3 m ) cons t i tués d ' amon t en a v a l 
d e s é q u e n c e s d 'habi tat radier, plat, p ro fond . E n e a u p ro fonde , les t a c o n s n e réag issent p a s 
a u x ba i sses d e n iveau et d e débi t . D a n s les e a u x peu p ro fondes , ils rédu isent leur act iv i té, 
en part icul ier a l imenta i re , et dans des cond i t i ons cr i t iques, une par t ie de la popu la t ion se 
d é p l a c e v e r s la p lus p r o c h e z o n e p r o f o n d e . Les a u t r e s s ' en fou i ssen t d a n s le subs t ra t . 
A p r è s la m o n t é e du débi t , une part ie d e s déva lan t s re tourne d a n s l 'habitat radier. 

I N F L U E N C E O F D E W A T E R I N G O N M O V E M E N T S A N D D I S T R I B U T I O N OF 
S A L M O N PARR {SALMO SALAR L.) IN R E L A T I O N T O HABITAT C H A R A C T E R I S T I C S 

IN A N E X P E R I M E N T A L S T R E A M . 

A B S T R A C T 

T h e response of At lant ic s a l m o n parr to ma jo r dec reases in wa te r levels , typ ica l of 
s u m m e r l ow f l o w s , is no t we l l d o c u m e n t e d . T h r e e e x p e r i m e n t s w e r e c o n d u c t e d in a n 
art i f ic ial s t r e a m d e s i g n e d wi th s é q u e n c e s of riff le, f lat, and poo l habi ta t , e a c h habitat in a 
sec t ion 10 m long by 3 m w ide . In d e e p e r water , par r d id not respond to wa te r leve l or f l ow 
d e c r e a s e . In s h a l l o w wa te r , t h e y r e d u c e d ac t i v i t y , p a r t i c u l a r l y f e e d i n g , a n d i n c r i t i ca l 
cond i t i ons a por t ion of the popu la t ion m o v e d into deepe r water . T h e rema inde r of the par r 
bu r i ed t h e m s e l v e s into the g rave l . A f te r f l ow i nc rease , s o m e of the d o w n s t r e a m mov ing 
pa r r re tu rned to the riffle habi ta t . 

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

In S p r i n g , af ter é m e r g e n c e f r o m the r e d d , f ry of A t lan t i c s a l m o n (SaImo salar L.) 
d i spe rse in the nursery habi ta t . Th i s d i spe rsa i , w h i c h m a y be ex tens i ve , lasts fo r a f e w 
w e e k s , bu t af ter ear ly d i spers ion the s a l m o n j uvén i l es a re s u p p o s e d to be seden ta ry at 
leas t unt i l O c t o b e r ( S A U N D E R S & G E E , 1969 ; B E A L L et al., 1994a) . C h a n g e s in w a t e r 
cond i t i ons of ten occur dur ing the s u m m e r m o n t h s , usua l ly w i th a per iod of low f l ows in m id 
to la te s u m m e r . R e d u c e d f l o w s resu i t in l o w e r c u r r e n t v e l o c i t y a n d d e p t h , d e c r e a s e d 
avai lab i l i ty of habi ta t and h igher t e m p é r a t u r e s . A c c o r d i n g to B I N N S & E I S E R M A N (1979), if 
t h e a v e r a g e la te s u m m e r s t r e a m f l o w fa l ls b e l o w 10-15 % of t he yea r l y a v e r a g e , t rou t 
p o p u l a t i o n s c a n n o t b e s u p p o r t e d . O c c a s i o n n a l l y in s t r e a m s w i t h d e n s e p o p u l a t i o n s of 
sa lmon ids , there may be brief but dras t ic d e c r e a s e s of d i scha rge wh i ch c a u s e dewa te r i ng 
of riff les a n d reduce the s t r eam to a s u c c e s s i o n of i so la ted pools . 

Reac t i ons of s a l m o n parr to t h è s e c h a n g e s are not wel l d o c u m e n t e d . L I N D R O T H 
(1955) no ted tha t sa lmon id f ry t e n d e d to m o v e d o w n s t r e a m after a d e c r e a s e in water f low. 
S A U N D E R S & G E E (1969) o b s e r v e d the m o v e m e n t of parr into the neares t poo l dur ing a 
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low f l ow pe r i od , and thieir re turn to the riffle after f low increase, but th is c o n c e r n e d on ly 
t h r e e ind iv idua ls , T h e ob jec t ive of th is study w a s to assess the m o v e m e n t s of parr dur ing or 
f o l l ow ing a severe d r o p in d i scharge in semi-natura l cond i t ions . 

2 . M A T E R I A L A N D M E T H O D S 

T h r e e e x p e r i m e n t s w e r e c o n d u c t e d in the con t ro l l ed - f l ow s t r e a m c h a n n e l of t h e 
I N R A expé r imen ta l s ta t ion on Lapi txur i Brook in sou thwes t France near St Pée sur Nivel le 
( s e e B E A L L & MARTY, 1 9 8 3 a for déta i ls) . E a c h expe r imen t w a s pe r fo rmed in a sér ies of 
t h r e e 1 0 - m l ong by 3 -m w i d e sec t i ons of t h e c h a n n e l . A t the d o w n s t r e a m e n d of e a c h 
s é q u e n c e , w a t e r w a s i m p o u n d e d so that d e p t h i n c r e a s e d f r o m t h e u p s t r e a m to t h e 
d o w n s t r e a m sec t ion . T h e uppe rmos t , sha l lowest sec t ion (1) co r responded to riffle habi ta t , 
t he m i d d i e sec t i on (2) to f lat , a n d the d o w n s t r e a m sec t ion (3) to poo l . S u b s t r a t e in al l 
s e c t i o n s c o m p r i s e d r iver g rave l 1-8 c m in d i ame te r . T h e c h a n n e l b e d w a s leve l led w i t h 
r akes to p rov ide an h o m o g e n o u s habi ta t within each sec t ion , wh ich we re separa ted by t w o 
m o d i f i e d W o l f e t r a p s ( B E A L L & M A R T Y , 1 9 8 3 b ) . D e p t h s c o u l d be m a n i p u l a t e d a n d 
i m p o u n d m e n t s lowered by remov ing boards a t the d o w n s t r e a m end of the th i rd sec t ion . 
D i s c h a r g e w a s regulated by an in take valve, a l though préc ise contro l w a s not techn ica l ly 
p o s s i b l e . B e c a u s e of i n take f l ow var ia t ions , on ly a gêne ra i t r e n d cou ld b e m a i n t a i n e d . 
W a t e r l eve l s a t a g a u g e p l a c e d at t he u p s t r e a m e n d of t he c h a n n e l a n d d e p t h s w e r e 
r e c o r d e d dai ly at 10 :00 h. A sér ies of 3 0 out f low m e a s u r e m e n t s at di f férent water levels 
r e c o r d e d at t he gauge gene ra ted t w o régress ion mode l s be tween f low (Q, l.s"') a n d wa te r 
leve l ( H , cm) : 

Q 1 = 0 .175H - 6 .48 for H < 56 c m (r2 = 0 .27 , p = 1.43, n = 21) 

0 2 = 10 .463H - 578 .8 for H > 56 c m (r^ = 0.92, p = 0 . 0 0 0 1 , n = 9) 

C u r r e n t ve loc i t ies in t he d i f férent sec t ions at va r ious wa te r levels w e r e ca l cu la ted 
f r o m t h è s e m o d e l s . H o w e v e r , a t v e r y low w a t e r d e p t h s in t h e r i f f les, c a l c u l a t e d w a t e r 
ve l oc i t i e s i n c r e a s e d ve ry rapidiy. Th is was f o u n d to be unrea l is t ic b e c a u s e mos t of t he 
w a t e r f l o w e d th rough the grave l subs t ra te , so t h è s e da ta we re not inc luded in the ana lyses . 
M i n i m u m a n d m a x i m u m w a t e r t e m p é r a t u r e s w e r e r e c o r d e d c o n t i n u o u s i y w i th a J u l e s 
R i c h a r d t h e r m o g r a p h (Argenteu i l , F rance) , wi th the p robe p laced in the grave l of a sec t ion 
jus t b e l o w t h e expé r imen ta l z o n e . 

2 . 1 . E x p e r i m e n t s 1A a n d 1 B 

T h è s e t w o exper iments we re conducted s imul taneous iy be tween 13 and 27 Augus t 
1991 in t w o success ive séquences of habitat, w h e r e e a c h séquence w a s c o m p o s e d of three 
sec t ions . T h e goa l w a s to assess the migrat ion of parr in response to drast ical ly decreas ing 
w a t e r leve ls . T w o assumpt ions we re m a d e : (1) the number of fish remain ing after 5 days 
c o r r e s p o n d e d to the capac i ty of the sect ions even w h e n they could migrate only downs t ream 
a n d (2) m ig ra t ion dur ing changes in water levels was the resuit of thèse changes on ly 

A l l s e c t i o n s for bo th e x p e r i m e n t s were s t o c k e d w i th 100 At lant ic s a l m o n par r per 
sec t ion (3 .5-3 .6 ind.m 2, m e a n length 60 .7 mm, range 50-81 mm) . Those parr had e m e r g e d 
f r om o the r sec t ions of the channe l w h e r e they had reared on natural food until they were 
c a p t u r e d w i th e lect rof ish ing gear a few days pr ior to the exper iment . T h e densi ty was based 
on the n u m b e r of parr found at cap ture . Initial dens i t ies of parr in the exper iments we re high 
w h e n c o m p a r e d with data f rom natural env i ronments ( E G G L I S H A W & S H A C K L E Y , 1977 : 
up to 3.1 individuals.m-2 ; B E A L L etal., 1994a : 0 .4 i n d . m ^ in the Lapitxuri brook in October ) . 
A n e x p e r i m e n t w a s run in the channe l in a smal l enc losure , f rom émergence in Apri l to the 
e n d of A u g u s t 1 9 9 1 . Final dens i ty of 50 -70 m m parr w a s 8 i n d . m ^ (BEALL , unpub l i shed 
resu l ts ) . Th i s h igh carry ing capac i ty of the channe l w a s a l lowed by an abundant food supp ly 
a n d favo rab le env i ronmenta l cond i t ions (BEALL etal., 1994b) . 

Du r i ng a 3-d acc l ima t ion per iod , par r mov ing d o w n s t r e a m f rom any of the 10-m long 
sec t i ons w e r e cap tu red in t raps a n d returned t o their respect ive habitat . T h e expe r imen t 
b e g a n o n 16 Augus t (day 1), w h e n parr captured in t raps were re leased in the ad jacen t 
d o w n s t r e a m s e c t i o n , e x c e p t t h o s e m o v i n g f r o m t h e th i rd sec t ion w h i c h w e r e r e m o v e d . 
D i s c h a r g e w a s abou t 40 l.s ^ Total bo t tom sur face a rea , ave rage depth (4 m e a s u r e m e n t s 
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Tab leau I : C o n d i t i o n s ini t ia les d a n s les b ie fs d e s e x p é r i e n c e s 1A et 1 B : s u r f a c e s 
( A ) , m o y e n n e s d e s p r o f o n d e u r s ( D ) e t d e s v i t e s s e s d u c o u r a n t (V) ; 
v a l e u r s e x t r ê m e s ent re p a r e n t h è s e s . 

Tab le I : Init ial cond i t ions in s e c t i o n s of E x p e r i m e n t s 1A a n d 1 8 : a r e a s (A) , mean 
d e p t h (D) a n d cur rent ve loc i ty (V ) ; r a n g e s of v a l u e s in p a r e n t h è s e s . 

E x p e r i m e n t l A E x p e r i m e n t I B 

Sec t i on A , m2 D , c m V , c m . s - ' A , D , c m V , c m . S" 

1 27 .8 1 2 ( 8 - 1 6 ) 9.5 28 .2 9 ( 4 - 1 1 ) 12.6 

2 28 .0 33 ( 2 9 - 4 6 ) 3.2 27.5 32 ( 2 6 - 4 5 ) 3.3 

3 28 .4 50 ( 4 3 - 7 2 ) 2.0 27 .5 4 9 ( 3 9 - 7 0 ) 2.1 

t a k e n on 10 t r a n s e c t s in e a c h sec t i on ) a n d a v e r a g e cu r ren t ve loc i t y ( d i s c h a r g e / c r o s s -
sect ion) a re s h o w n in Table I. S tar t ing on day 6, wa te r level d e c r e a s e d p rogress ive ly over 
the s u b s é q u e n t 7 d a y s unti l ail sec t ions w e r e d e w a t e r e d . C o m p l è t e dewa te r i ng occu r red 
dur ing the last night of the exper imen t , due to the dif f iculty to contro l low f l ows at t h e intake 
va lve a n d t o d e c r e a s e in t h e s t ream d i scha rge . T raps we re c h e c k e d every m o r n i n g , and ai l 
v is ib le f ish w e r e recove red manua l l y on the last day. 

2.2 . E x p e r i m e n t 2 

T h e a i m of th is exper imen t w a s to mon i to r t he m o v e m e n t s of parr dur ing dec reas ing 
a n d s u b s é q u e n t i n c r e a s i n g w a t e r l eve ls . It w a s c o n d u c t e d b e t w e e n 2 9 A u g u s t and 2 4 
S e p t e m b e r in t h e s a m e sect ions as Expe r imen t 1A, w i th the s a m e initial cond i t i ons , except 
tha t d i s c h a r g e a n d wa te r ve loc i t ies we re lower (15 l . s ' a n d 1.1-5.1 c m . s \ respect ive ly ) . 
Sec t ions we re s tocked wi th sa lmon parr cap tu red by e lec t ro f ish ing in the Lap i txur i brook 
(average length = 70 .5 m m , range 49 -94 ) . In the riff le, 84 (3.0 individuals.m-2), a n d in t h e 
flat a n d poo l , 110 ind iv idua ls per sec t ion (4.0 ind .m 2) vvere re leased . Dur ing the f i rst 3 d a y s 
o f a c c l i m a t i o n , f i s h w e r e t r a p p e d a n d r e t u r n e d t o t h e i r r e s p e c t i v e s e c t i o n s as i n 
expe r imen t s 1A and 1B. T h e expe r imen t s ta r ted on first S e p t e m b e r (day 1), w h e n t rapped 
pa r r w e r e r e l e a s e d in the d o w n s t r e a m s e c t i o n . W a t e r l eve l s w e r e l o w e r e d fo r 4 d a y s 
s tar t ing on day 8. O n day 1 1 , t he riffle, but not t he flat a n d poo l , w a s d e w a t e r e d . Levels 
w e r e i nc reased aga in on day 13 for 3 days , a n d t h e n rema ined cons tan t unti l the e n d of t h e 
expe r imen t . O n day 13, t raps at the e n d of t he riffle a n d flat sec t ions we re r e m o v e d to a l low 
par r t o m ig ra te u p s t r e a m . T raps in the poo l w e r e ma in ta i ned a n d v is i ted eve ry morn ing . A t 
the e n d of the exper imen t , ail sec t ions we re c l o s e d off wi th sc reens a n d e lec t ro f i shed. T h e 
n u m b e r of f ish in each sect ion w a s es t ima ted f rom cap tu res in 4 to 5 success i ve runs ove r 
a two day pe r iod , unti l no mo re f ish w e r e caugh t . Con t ro l of the t raps in the subséquen t 
days , a n d a last run of e lect rof ish ing ind ica ted that f ish ing ef f ic iency w a s c lose to 1 0 0 %. 

3. R E S U L T S 

3 . 1 . E x p e r i m e n t s 1A and 1 8 

At t h e e n d of t he expe r imen ts , n u m b e r s of par r r ecove red o n t h e subs t ra te we re 18, 
106 , 94 , a n d 8, 73 , 94 in riffles, f lats, and poo ls of exps . 1A & 1B, respect ive ly . O n l y 6 a n d 
10 f ish e m i g r a t e d d o w n s t r e a m f r om the poo ls . T h u s , 74 .7 and 61 .7 % of the par r w e r e 
recove red in the two expe r imen ts . O the r mor ta l i t ies cou ld not be co l lec ted because t hey 
w e r e h i dden in the subs t ra te . 
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F i g u r e 1 : E x p é r i e n c e 1A. a : t empéra tu res d e l'eau m i n i m a et m a x i m a . b : p r o f o n d e u r 
H e t v i t e s s e d u c o u r a n t V d a n s 3 b ie fs d u c h e n a l ( rad ie r : R ; p la t : F ; 
p r o f o n d : P ) . c : n o m b r e d e m i g r a n t s M c a p t u r é s d a n s les p i è g e s a v a l 
( • radier ; • plat ; 2<1 p ro fond) . 

F i g u r e 1 : C o n d i t i o n s in e x p e r i m e n t 1 A . a : m i n i m u m a n d m a x i m u m w a t e r 
t e m p é r a t u r e s , b : w a t e r level H a n d ve loc i ty V in 3 sec t ions of t h e c h a n n e l 
( r i f f le : R ; f la t : F ; p o o l : P ) . c : n u m b e r of m i g r a n t s M c a u g h t in t r a p s 
( • r i f f l e ; H f lat ; S I pool ) . 
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F i g u r e 2 : E x p é r i e n c e 1 B . a : p r o f o n d e u r H et v i t e s s e d u c o u r a n t V d a n s 3 b iefs d u 
c h e n a l , b : n o m b r e d e m i g r a n t s M c a p t u r é s d a n s l e s p i è g e s a v a l 
( • rad ier ; n p lat ; EJ p r o f o n d ) . 

F i g u r e 2 : C o n d i t i o n s in e x p e r i m e n t 1 8 . a : w a t e r l e v e l H a n d v e l o c i t y V in 3 
s e c t i o n s o f t h e c h a n n e l . b : n u m b e r of m i g r a n t s M c a u g h t i n t r a p s 
( • r i f f le ; • f lat ; S p o o l ) . 

Dur ing the first w e e k of tes ts , m i n i m u m a n d m a x i m u m wa te r t e m p é r a t u r e s rema ined 
r e l a t i v e l y c o n s t a n t , b e t w e e n 16 a n d 19 ° C , b u t s t a r t e d to i n c r e a s e a s w a t e r l eve l s 
d e c r e a s e d (F ig . 1a,b) . A sha rp r ise in m a x i m u m tempéra tu re w a s reco rded on the last d a y 
w h e n d e w a t e r i n g occu r red near the p robe , a n d an air t e m p é r a t u r e of 2 9 °C w a s noted. 
Pat te rns of m o v e m e n t s w e r e s imi lar in t he t w o expe r imen ts (F ig . 1c a n d 2b) . Dur ing the f i rst 
pe r i od , w h e n wa te r levels w e r e cons tan t (F ig . 1b a n d 2a) , f ish e m i g r a t e d in ra the r smal l 
n u m b e r s and main ly f rom riff les. M o v e m e n t s i nc reased rapidiy, espec ia l l y in exp . 1 A , after a 
s e v e r e réduc t ion in f low a n d d e p t h , bu t near ly all m ig ran ts w e r e f r o m riff les. In exp. 1A, 
w h e r e t h e r i f f le w a s d e w a t e r e d o n t h e l i t h d a y on ly , é m i g r a t i o n d e c r e a s e d but s t i l l 
o c c u r r e d . In e x p . 1 B , w h e r e a v e r a g e d e p t h of t h e r i f f le w a s at 0 a s e a r l y a s day 8, 
émig ra t ion s topped a lmos t comp le te l y b e c a u s e of t he lack of water . 

3.2 . E x p e r i m e n t 2 

At the e n d of the exper imen t , n u m b e r s cap tu red by e lec t ro f ish ing w e r e 19, 116, a n d 
108 . Tak ing into accoun t 2 7 f ish wh i ch had em ig ra ted d o w n s t r e a m f r om the poo l , mortal i ty 
a m o u n t e d to 11.2 %. 
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F i g u r e 3 : E x p é r i e n c e 2 . a : t e m p é r a t u r e s m i n i m a e t m a x i m a . b : p r o f o n d e u r H e t 
v i t e s s e V d a n s 3 b i e f s d u c h e n a l , c : n o m b r e d e p o i s s o n s r e s t a n t d a n s l e s 
b i e f s j u s q u ' a u r e t r a i t d e s p ièges l e 1 3 è m e j o u r (R) ; • : r é s i d e n t s c a p t u r é s 
p a r p ê c h e é l e c t r i q u e e n f i n d ' e x p é r i e n c e . 

F i g u r e 3 : C o n d i t i o n s i n e x p e r i m e n t 2 . a : m i n i m u m a n d m a x i m u m w a t e r 
t e m p é r a t u r e s , b : w a t e r l e v e l H a n d v e l o c i t y V in 3 s e c t i o n s o f t h e c h a n n e l . 
c : n u m b e r o f f i s h r e m a i n i n g in s e c t i o n s u n t i l r e m o v a l o f t r a p s o n d a y 13 
(R) ; • : r é s i d e n t s c a p t u r e d b y e l e c t r o f i s h i n g a t t h e e n d o f t h e e x p e r i m e n t . 
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W a t e r t e m p é r a t u r e s r e m a i n e d c o n s t a n t d u r i n g tine d u r a t i o n of t f i e e x p e r i m e n t 
( m a x i m u m tempéra tu re = 20 ± 1 °C, F ig. 3a) . TInere w a s an inc rease in wa te r ve loc i t y over 
4 d a y s and an in tense m ig ra t i on , ma in l y f r o m thie riff le, du r i ng t h e f i rst t w o d a y s of t h e 
e x p e r i m e n t (F ig . 3b ,c ) . Es t ima ted n u m b e r s of f ish in sec t ions c h a n g e d s i gn i f i can t l y 4 7 , 
144 , a n d 105 par r in t he r i f f le, f la t , a n d p o o l , r espec t i ve l y . T h e n t h e ra te of m i g r a t i o n 
d e c r e a s e d g radua l l y , i n c r e a s e d s l igh t i y d u r i n g l o w e r i n g of t he w a t e r l eve l , a n d s t o p p e d 
a l m o s t c o m p l e t e l y in ail s e c t i o n s a f te r d e w a t e r i n g of t he rif f le. At t h e b e g i n n i n g of t h e 
s e c o n d phase of the exper imen t ( increase of t he wa te r level) , the es t ima ted n u m b e r s of f ish 
in success i ve sec t ions were 10, 155 a n d 122 . At the e n d , n u m b e r s of parr had dec reased 
in the flat and poo l sec t ions , but sl ight iy i nc reased in t h e riffle (Fig. 3c) . 

M e a n lengths of f ish at t he beg inn ing (L - 70.5 m m , n - 100) a n d e n d (riff le : L l = 
68 .1 m m , n = 19 ; f lat : L2 = 6 8 . 7 m m , n = 5 0 ; poo l : L3 = 7 4 . 2 m m , n = 5 0 ) of t h e 
expe r imen t we re di f férent at the 1 % level ( A N O V A , F = 4 .03) . T h e D u n c a n mu l t i p le range 
test ind ica ted that , at the e n d , parr f rom the poo l w e r e s igni f icant ly larger t han f ish f rom t h e 
riff le a n d f lat s e c t i o n s , but not f r o m the a v e r a g e l eng th of f i sh at t h e b e g i n n i n g of t h e 
expe r imen t . 

4. D I S C U S S I O N 

In ai l t he e x p e r i m e n t s m o v e m e n t s w e r e m a i n l y f r o m r i f f les to f l a t s , so tha t t h e 
n u m b e r s of s a l m o n dec reased in riffles and i nc reased in f lats. Sma l l m ig ra t ions f r o m flats to 
poo ls we re ba lanced by émig ra t ion out of t he expé r imen ta l reaches . T h e n u m b e r o f fish in 
poo ls var ied little dur ing the expe r imen ts . D e c r e a s e in dens i ty in the riffles dur ing t h e first 5 
d a y s of expe r imen ts 1A a n d 1B in c o m p a r i s o n wi th exper imen t 2 w a s sma l l (15 a n d 23 % 
vs . 69 % ) . Fish d id not respond wi th i nc reased m o v e m e n t s to smal l c h a n g e s in w a t e r levels 
in a n y exper imen t . A s t rong d e c r e a s e c a u s e d large m o v e m e n t s f r o m rif f les, but a I so f r om 
f lats unti l dewa te r i ng of riff les. 

In summer , s a l m o n parr prêter sha l l ow wate r habi ta t , w i th dep ths b e t w e e n 1 0 and 5 0 
c m ( K E E N L E Y S I D E , 1962 ; S Y M O N S & H E L A N D , 1 9 7 8 ; M O R A N T Z et al., 1987) a n d 
m o d e r a t e cur rent ve loc i t ies of 5-15 c m . s ^ ( M O R A N T Z et al., 1987 ; H U N T I N G F O R D et al., 
1988) . T h u s , init ial cond i t ions in ail e x p e r i m e n t s w e r e near ly op t ima l excep t wa te r ve loc i t ies 
in poo ls . In r i f f les, m a n y s p e c i e s of j u v é n i l e s a l m o n i d s a re in c o n t a c t w i th the subs t ra te 
( M A S O N , 1969) . In deeper p laces wi th s lower f low they are of ten d is t r ibu ted th roughou t t he 
w a t e r c o l u m n ( H A R T M A N , 1 9 6 3 ; M A S O N , 1 9 6 9 ) a n d c h a n g e t h e i r b e h a v i o u r f r o m 
terr i tor ia l to schoo l ing ( K A L L E B E R G , 1958 ; C A M P B E L L et al., 1984) . Dens i t y of fish c a n 
thus be m u c h h igher ( G R A N T & K R A M E R , 1990) . T h e présent s tudy suppor t s th is idea . 
Dens i t i es in r i f f les d e c r e a s e d , but i n c r e a s e d in the neares t d e e p e r sec t i ons , u p to 5 .64 
ind iv idua ls .m 2. Parr in deep sec t ions w e r e o b s e r v e d s w i m m i n g in smal l schoo ls . 

B r o w n t r o u t ( S . trutta) p a r r d i d n o t m i g r a t e in r e s p o n s e t o f l o w v a r i a t i o n s in 
H E G G E N E S (1988) exper iments . T h e s a m e w a s repor ted for ra inbow t rout (Oncorhynchus 
mykiss) by C A M P B E L L et al (1984) a n d IRV INE (1987) . In the présent s tudy émig ra t ion 
occu r red only after drast ic dec reases in wa te r levels a n d main ly f r om sec t ions w h i c h w e r e 
d e w a t e r e d . But e v e n then , h igh p ropor t ions of f ish s tayed and d ied (expe r imen ts 1A a n d 
1B). Observa t ions made s imu l taneous iy in the enc losure dur ing the d e c r e a s e in water level 
ind ica ted that parr reduced their activity, h id in the subst ra te and e v e n bur ied themse lves to 
a dep th of severa l cen t imeters . They re turned to the subst ra te sur face as wa te r f l ow c a m e 
back to no rma l , but none w a s o b s e r v e d to migra te . 

Ana lys is of g row th in e x p e r i m e n t 2 p rov i ded add i t iona l in fo rmat ion . If w e a s s u m e tha t 
g r o w t h rate of par r in the Lap i t xuh b rook is s imi la r to tha t in t he c h a n n e l , t h e n we c a n 
es t ima te , on the bas is of da ta by B E A L L et al. (1994b) , the length wh ich par r shou ld have 
ach ieved at the end of the expe r imen t (76.5 m m ) . T h e obse rved m e a n length of f i sh in the 
poo l (74 .2 m m ) d o e s not d i f fer f r o m the e x p e c t e d v a l u e , bu t bo th a re la rger than t h e 
o b s e r v e d lengths in the riffle and flat sec t ions . Moreover , there w a s no s ign i f icant growth in 
t hèse two sec t ions , in spi te of the a d é q u a t e food supply. O n e exp lana t ion w o u l d b e that t he 
la rger f ish f rom the riffle a n d f lat sec t i ons m o v e d in to the d e e p e r hab i ta t of the poo l , a s a 
resu i t of m i c r o h a b i t a t p r é f é r e n c e s ( S Y M O N S & H E L A N D , 1 9 7 8 ) . H o w e v e r , b e c a u s e 
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