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RÉSUIVIÉ ( traduit par les éd i teurs) 

Les réponses des popu la t ions de po issons aux a l térat ions d e déb i t sont assez peu 
souvent cor rectement prédi tes à part i r des s imulat ions phys iques d'habitat . Actuel lement , les 
éva luat ions de débit réservé son t basées sur des ana lyses d e l 'habitat phys ique, qui sont 
supposées avoir une inf luence sur ces populat ions. Cela condui t au d i l e m m e en matière d e 
déterminat ion de ces débi ts : comb ien d 'espèces et de s tades faut-i l ana lyser et commen t 
pondérer leur impor tance respect ive ? Dans certa ins cours d 'eau , les s imulat ions d'habitat 
p h y s i q u e i ssues de P H A B S I M (Phys i ca l Hab i ta t S imu la t i on ) p o u r les p o i s s o n s les p lus 
courants montrent une sur face pondérée uti le insensible ou m a x i m u m à fa ib le débi t . Or, les 
débi ts m o y e n s à for ts débi ts son t indub i tab lement impor tants pour d i f férentes ra isons, tel les 
que le recrutement des espèces in féodées à la plaine al luviale, le ne t toyage d u fond d u lit, les 
en t rées de mat iè re o rgan ique et la p roduc t ion d e s inver tébrés ben th iques . La densi té , la 
d ivers i té et la p roduc t i on d e s i nsec tes a q u a t i q u e s d a n s d i f fé ren ts t y p e s d e c o u r s d 'eau 
m o n t r e n t des va r i a t i ons spa t i a l es et i n t e rannue l l es c o n s i d é r a b l e s , s o u v e n t d i r e c t e m e n t 
rel iables aux débi ts. De m ê m e , la c ro issance et le succès de pr ise de nourr i ture des poissons 
v a r i e n t en f o n c t i o n d e l ' a b o n d a n c e d e s p r o i e s . Un m o d è l e d e c h a î n e t r o p h i q u e a é t é 
d é v e l o p p é pour é tud ie r l ' in f luence de la nour r i tu re d e b a s e ( i nsec tes a q u a t i q u e s , proies 
cons t i tuées par les po issons de pet i te tai l le e t écrev isses) s u r la p roduc t ion des po issons 
prédateurs clé (Black bass à pet i te bouche , Micropterus dolomieu, Rock bass , Ambloplites 
rupestris, et Poisson chat à tête p late, Pylodictis olivaris) dans un grand cours d'eau à régime 
t h e r m i q u e c h a u d . L 'ana lyse d u m o d è l e i nd ique que la p r o d u c t i o n d e s po i ssons est t rès 
d é p e n d a n t e de la d i spon ib i l i t é d e s p ro ies , en par t i cu l ie r les i n s e c t e s a q u a t i q u e s et les 
écrev isses. A partir des ana lyses du modè le et de la revue des é tudes sur la product ion des 
insectes et les succès de cap tu re des pro ies par les po issons , je fa is l 'hypothèse que les 
réduct ions de débi t pendan t la sa ison de cro issance sont de nature à d im inuer la product ion 
d ' insectes et, par là m ê m e , d'al térer ind i rectement la product ion de po issons pêchables. Les 
est imat ions de débit à réserver et les recherches assoc iées devra ient s ' intéresser (1) à un 
plus large éventai l d 'espèces, en part icul ier les plus sensib les, (2) à des ana lyses d e l'habitat 
à une échel le méd iane plus appropr iée , (3) aux effets indirects des débi ts sur la structure 
t roph ique, (4) à des tests et des amél iora t ions des cr i tères de pré fé rence d'habitat, e t (5) à la 
mise en oeuvre d e modè les indiv idus cent rés pour évaluer di f férents rég imes des débi ts. 

F O O D W E B I N F L U E N C E S O N F I S H P O P U L A T I O N R E S P O N S E S 
T O I N S T R E A M F L O W . 

S U M M A R Y 

Fish popu la t ion r e s p o n s e s to c h a n g e s in s t r e a m f l o w h a v e s e l d o m been correct iy 
fo recas ted f rom phys ica l habi ta t p réd ic t ions . Yet, pract ica l i ns t ream f low assessmen ts rely 
o n a n a l y s e s of p h y s i c a l h a b i t a t d y n a m i c s , w h i c h a r e p r e s u m e d t o i n f l u e n c e f i s h 
popu la t ions . This leads to the ins t ream f low d i l e m m a : h o w m a n y spec ies a n d life s tages to 
ana lyze a n d how to we igh t t he impor tance of e a c h . In s o m e s t r eams , P H A B S I M (Physical 
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Hab i ta t S imu la t ion) ana l yses for c o m m o n warmwa te r f i shes indicate that we igh ted usab le 
a r e a is e i ther insens i t ive or m a x i m i z e d at low f lows. However , ave rage to high f lows are 
u n d o u b t e d i y i m p o r t a n t fo r a va r i e t y of reasons , s u c h as r e c r u i t m e n t of f l oodp la in t ree 
spec ies , s t r e a m b e d s c o u r i n g , o rgan ic matter inputs, and benth ic inver tebrate p roduc t ion . 
D e n s i t y , d i v e r s i t y , a n d p r o d u c t i o n of a q u a t i c i n s e c t s in a v a r i e t y of s t r e a m s s h o w 
cons idé rab le annua l a n d spat ia l va r ia t ion , often direct iy a t t r ibutab le to s t reamf low. Simi lar ly, 
g r o w t h a n d fo rag ing s u c c e s s of f i shes varies due to prey a b u n d a n c e . A food w e b mode l 
w a s d e v e l o p e d to inves t iga te the inf luence of the f ood base (aquat ic insects, smal l prey 
f i shes , a n d crayf ish) o n p roduc t ion of key predatory f i shes (sma l lmou th bass Micropterus 
dolomieu, rock bass Ambloplites rupestris, and f la thead cat f ish Pylodictis olivaris) in a large 
w a r m w a t e r s t r eam. Ana lys i s of t he mode l sugges ted that the p roduc t ion and y ie ld of the 
f i shes w e r e s t rong ly d é p e n d e n t on the bo t tom-up in f luence of prey, pr imar i ly aquat ic insects 
a n d c ray f i sh . F rom m o d e l ana l yses and review of s tud ies o n insect product ion and fo rag ing 
s u c c e s s of f i s h , I h y p o t h e s i z e tha t d e c r e a s e s in f l o w d u r i n g t h e g r o w i n g s e a s o n m a y 
d e c r e a s e insect p roduc t ion a n d , thereby, indirectiy d e p r e s s sport f ish p roduc t ion . Pract ical 
i n s t r e a m f l o w a s s e s s m e n t s a n d resea rch s h o u l d a d d r e s s (1) b r o a d e r a r r a y of t a x a , 
e s p e c i a l l y s u s p e c t e d s e n s i t i v e s p e c i e s , ( 2 ) a p p r o p r i a t e n e s s of m e s o - s c a l e h a b i t a t 
a n a l y s e s , (3) i nd i rec t e f f ec t s of f l ow o n the t roph ic s t r u c t u r e , (4) r i go rous t es t i ng a n d 
r e f i n e m e n t of hab i ta t su i tab i l i t y c r i te r ia , and (5) e f f icacy of i nd i v i dua l -based m o d e l s fo r 
eva lua t i ng a l te rnat ive f low rég imes . 

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

In e v e r y i n s t r e a m f l o w a s s e s s m e n t , t h e f u n d a m e n t a l q u e s t i o n is t h e e f f ec t of 
a l t e rna t i ve f l o w s on r e s o u r c e qua l i t y - on t h i s po in t t he re is no d e b a t e . T h e r e is m o r e 
d e b a t e o v e r w h a t r e s o u r c e s a re cons idered a n d h o w to m e a s u r e resource qual i ty . T h e 
qua l i t y of t h e hab i ta t for f i shes is f requent ly m e a s u r e d by w e i g h t e d usab le a rea ( W U A ) 
ind ices w i th t h e Ins t ream F low Incrémenta l Me thodo logy ( IF IM) . T h e re l iance on we igh ted 
usab le a r e a for " favored" f ish spec ies for trade-off ana l yses , such as desc r ibed by F A R G O 
( 1 9 9 1 ) f o r h y d r o p o w e r l i c e n s e rev iew , ra ises s e r i o u s d o u b t o v e r o u r e f f e c t i v e n e s s in 
p ro tec t i ng the env i ronmen t . In eve ry instream f low a s s e s s m e n t w e impl ic i t ly ask ourse lves : 
" W h a t is t h e m o s t i m p o r t a n t l i m i t i n g fac tor a n d w i l l it b e i n f l u e n c e d by a c h a n g e in 
s t r eamf l ow ?" It may b e su i tab le l iv ing space (a local var iab le ) , as desc r ibed by the phys ica l 
charac te r i s t i cs of dep th , veloci ty , subs t ra te , or cover. But w h a t if it is f ood or o ther rég iona l 
va r iab les ? Fac tors o ther t han f l ow rég ime (water qual i ty, energy, biot ic interact ions) can 
exp la in subs tan t ia l var ia t ion in aquat ic biota. 

T w e n t y - n i n e y e a r s a g o , C H A P M A N ( 1 9 6 6 ) s u g g e s t e d tha t bo th f o o d a n d s p a c e 
d e t e r m i n e d dens i t ies of s t r eam sa lmon ids in s u m m e r and that space w a s more cr i t ical in 
w in te r . N u m e r o u s s t u d i e s d o n e s i n c e that t i m e h a v e s u p p o r t e d t h è s e ear ly no t i ons of 
ter r i to r ia l s ize r e q u i r e m e n t s a n d , to s o m e ex ten t , its d e p e n d e n c e on f ood ( G R A N T a n d 
K R A M E R , 1 9 9 0 ; T I T U S , 1990) . O n e could a r g u e tha t t he mic rohab i ta t requ i rements for 
f i sh aIso d e s c r i b e habi ta t for thei r f ood base, y e t this is on ly t rue for f i shes that f eed in the 
s a m e p l a c e t h a t t h e i r p r e y l i ve a n d grow. ^ / lany of o u r f a v o r e d g a m e f i s h e s s e l e c t 
m ic rohab i ta t s tha t a re c lose to , but very différent f r om , the microhab i ta ts whe re thei r p rey 
are p r o d u c e d ( J O W E T T , 1992 ; A A D L A N D , 1993) . Fu r the rmore , migra tory r iver ine f ishes 
d é p e n d o n la rge-sca le var iab les tha t dé te rmine suitabi l i ty of local env i ronmen ts , s u c h as 
bar r ie rs , d i s t ance to sea , a n d river grad ient ( M c D O W A L L , 1993) . 

In th is p a p e r I p l ace the s t r e a m fish in the c o n t e x t of the i r f ood w e b and rev iew 
s tud ies tha t a d d r e s s t w o ques t i ons . First, is the re év idence that the inver tebrate prey base 
for f i shes responds to ins t ream f low ? Second, is there év idence that f ood l imits the g r o w t h , 
p roduct iv i ty , or surv iva l of s t r e a m f i shes ? A f te r rev iew ing récent l i terature, I t hen m a k e 
s u g g e s t i o n s for pract ica l i ns t ream f low assessments a n d fu ture research d i rect ions. 

T H E D I L E M M A O F I N S T R E A M F L O W A S S E S S M E N T 

At the ear ly s tages of i ns t ream f low assessmen ts , w e ail s t rugg le wi th the ques t ion 
" W h i c h f ish spec ies shou ld w e f ocus on ?" and normal ly se lec t one or a few favo red g a m e 
f i sh . T h e a r g u m e n t s in suppo r t for th is focus on the f ish a re of ten repeated : (1) habi tat 
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requ i rements are wel l k n o w n ; (2) f ish are c lose ly re la ted to m a n a g e m e n t ob jec t i ves ; a n d 
(3) it w o u l d be cost ly to s tudy too many spec ies . However , t he e x p e c t e d cost sav ings c a n 
be offset by the cos t of bad déc i s ions ( C A I R N S , 1986) . In the a rena of ins t ream f low, thèse 
costs may be u n n e c e s s a r y p o w e r losses or l imits on wa te r w i t hd rawa i , or f ishery o r other 
ecosys tem losses. IF IM and P H A B S I M (Phys ica l Habi ta t S imu la t ion Sys tem) , as current ly 
u s e d ( N E S T L E R et al., 1 9 8 9 ) , a r e i n t e n d e d to p r o v i d e a d v i c e t o m a n a g e r s on t h e 
c o n s é q u e n c e s of a l te rna t ive f low rég imes. However , in d i ve rse c o m m u n i t i e s the o u t c o m e 
may be h ighiy sens i t i ve to the spec ies and life s tages se lec ted for s tudy ( L E O N A R D a n d 
O R T H , 1988) . A b r o a d e n i n g of env i ronmen ta l e th ics is n e e d e d to protect r iver ine spec ies 
and e c o s y s t e m s be fo re they b e c o m e e n d a n g e r e d ( H U G H E S and N O S S , 1992) . 

In m y d isser ta t ion resea rch , admi t ted iy of shor t du ra t i on , I ident i f ied 130 un ique t axa 
of benth ic inver tebra tes and 2 8 spec ies of f ish in G lover C reek , O k i a h o m a ( O R T H et al., 
1982 ; O R T H a n d M A U G H A N , 1984) , wh i ch is typ ica l of spec ies r i chness for t empe ra te 
s t reams . Th is d ivers i ty of inver tebra tes leads to a stabi l i ty of the f o o d b a s e for f i shes a n d 
the m a i n t e n a n c e of s o m e w e l l - k n o w n a n d s o m e l e s s - w e l l - k n o w n e c o s y s t e m p rocesses . 
B e y o n d the i r f ood v a l u e the re a re o ther v a l u e s in p r e s e r v i n g hab i ta t for t hèse an ima i s , 
v a l u e s tha t a re no t d é p e n d e n t o n use by h u m a n s . I a m not s u g g e s t i n g tha t in rout ine 
ins t ream f low a s s e s s m e n t s tha t w e shou ld s tudy 158 spec ies intensely. However , w e must 
recogn ize the d ivers i ty of eco log ica l requ i rements a n d the key b io log ica l in te rac t ions when 
se lect ing s tudy ques t i ons for t hèse assessmen ts . 

If w e focus on on ly one c o m p o n e n t of t he life requ is i tes of a spec ies (i.e., habi tat o r 
food) , t hen w e a s s u m e that the o ther wi l l neve r be in shor t supply . IS ' there év idence to 
suppor t th is a s s u m p t i o n ? I a m cer ta in the re a re n u m e r o u s e x a m p l e s w h e r e P H A B S I M 
a n a l y s e s of f a v o r e d f i s h s p e c i e s h a s r e s u l t e d in o p t i m u m f l o w s t h a t a p p e a r to b e 
unrea l i s t i ca l l y low. T h e r e a re e x a m p l e s w h e r e w e i g h t e d u s a b l e a r e a a l one w a s a poo r 
predic tor of f ish popu la t ion dens i t y ( L O A R et al., 1985 ; I R V I N E et al., 1987 ; S C O T T a n d 
S H I R V E L L , 1987 ; W I L E Y et al., 1987) a n d o the rs w h e r e w e i g h t e d usab le a rea at a critical 
s t a g e w a s a g o o d p r e d i c t o r of y e a r - c l a s s s t r e n g t h ( B O V E E , 1 9 8 8 ; N E H R I N G a n d 
A N D E R S O N , 1 9 9 3 ; B O V E E et al., 1 9 9 4 ) . T h e r e a r e a l s o n u m e r o u s e x a m p l e s t o 
demons t ra te impor tance of s t reamf low on recru i tment of r ipar ian végé ta t ion ( S T R O M B E R G 
a n d P A T T E N , 1 9 9 1 ; N I L S S O N et al., 1 9 9 1 ) a n d e v e n t u a l l y l a r g e w o o d y d é b r i s , 
inver tebra te a s s e m b l a g e s , a n d channe l s t ructure ( P E T T S , 1984) . T h e impor tan t conc lus ion 
d r a w n f r o m t h è s e s t u d i e s is t ha t w e m u s t no t unc r i t i ca l l y a c c e p t t h e a s s u m p t i o n tha t 
phys ica l habi tat on a local sca le is the l imit ing fac tor for s t r e a m f i sh , nor unwi t t ing ly relay 
that not ion to water m a n a g e r s . T h e ins t ream f low d i l e m m a is hav ing to c h o o s e be tween (1) 
rely ing on a few we l l - s tud ied f ishes and be ing uncer ta in abou t the e c o s y s t e m funct ions that 
a re imp l i c i t l y i g n o r e d o r (2) e x a m i n i n g n u m e r o u s f i s h , i n v e r t e b r a t e , a n d p lan t habi ta t 
requ i rements and be ing uncer ta in about how to in terpret a n d we igh t e a c h c o m p o n e n t . 

As an e x a m p l e of the potent ia l d i l e m m a , cons ide r t he N e w River in West Vi rg in ia, 
wh ich suppor ts th i r ty - two f ish spec ies , an ar ray of insect , mo l lusc , and d e c a p o d fauna , a n d 
a no tab le spor t a n d i nve r t eb ra te bai t (c ray f i sh) f i she r i es ( N I E L S E N a n d O R T H , 1988 ; 
L O B B a n d O R T H , 1991 ; R O E L L a n d O R T H , 1994) . H a w k s Nes t Hydroe lec t r i c Project 
( F é d é r a l E n e r g y R e g u l a t o r y C o m m i s s i o n N o . 2 5 1 2 ) d i v e r t s w a t e r (up to 283 m^/sec) 
th rough a tunne l bypass ing a 8 .5 -km reach of river. A m i n i m u m re lease of 0.7 m V s e c in the 
bypass reach had not ex t i rpa ted the ent i re f ish f auna , yet t he n u m b e r s a n d qua l i t y of t he 
f ish ing w e r e d e p r e s s e d . Ana lys is of we igh ted usab le a r e a v e r s u s d i scha rge relat ions for 
severa l f i shes ind ica ted that l iv ing space w a s m a x i m i z e d for m o s t f i shes at f lows w e l l below 
the 65 m V s e c ( S e p t e m b e r m é d i a n , aquat ic base f low) r e c o m m e n d e d by t h e U.S. F ish a n d 
Wi ld i i fe S e n / i c e . Th i s ana l ys i s , a n d o the rs l ike it, requ i res t h e a s s u m p t i o n that f ish a re 
l imi ted on ly by the a m o u n t of su i tab le l iv ing s p a c e and tha t f ood is not l imit ing the growth 
a n d su rv i va l of t h e f i sh a n d no t e x p e c t e d to c h a n g e w i t h a l t e r n a t i v e f l o w s . A fur ther 
c o m p l i c a t i o n is tha t hab i t a t ava i l ab i l i t y for c e r t a i n f i sh s p e c i e s in s o m e c h a n n e l types 
(sensu R O S G E N , 1994) does not c h a n g e d ramat ica l l y w i th s t r e a m f low ( L E O N A R D a n d 
O R T H , 1988 ; P U S E Y a n d A R T H I N G T O N , 1991) . To m a k e a s s e s s m e n t s based o n habitat 
avai lab le to f ish a lone s e e m s p repos te rous . 

In the shor t - te rm, w e wil l not have the préd ic t ive capab i l i t y tha t w e désire t o aid in 
n e g o t i a t i n g a p p r o p r i a t e i n s t r e a m f l ow r é g i m e s . T h e r e f o r e , w e m u s t re ly on hyd ro log ie 
d e s c r i p t i o n s of s t r e a m f l o w (cf. H I L L et al., 1991 ) a s a s t a r t i n g po in t f o r n e g o t i a t i o n s . 
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H o w e v e r , as the U.S. popu la t ion con t inues to g row by abou t 3 mi l l ion peop le each year, the 
d e m a n d s for wa te r for p o w e r p roduc t i on and of f -s t ream uses wil l b e c o m e so acu te that 
f i she r ies a n d aquat ic sc ient is ts wi l l h a v e to m a k e more realist ic b io log ica l p réd ic t ions of the 
c o n s é q u e n c e s of o f f - s t r eam w a t e r u s e . To ass i s t in t hèse a s s e s s m e n t s , I s u g g e s t that 
s c i en t i s t s m a k e g rea te r use of t roph ic mode ls , i nd iv idua l -based m o d e l s , and the meso -
sca le leve l of ana lys is . 

T R O P H I C M O D E L S 

T w o s i m p l e v i e w s of t r o p h i c s t ruc tu re have d o m i n a t e d r écen t e c o l o g i c a l t heo ry 
( P O W E R , 1990 , 1992) . T h e produc t i v i t y (or "bo t tom-up" ) m o d e l p red ic ts that as p r imary 
p roduc t i v i t y of the e c o s y s t e m inc reases , the b i omass of lower t rophic levels increase and 
b i o m a s s e s of ail t rophic leve ls a re posit ively cor re la ted . T h e t o p - d o w n , or food -cha in , mode l 
p red i c t s tha t t he t o p - d o w n in f luence of top ca rn i vo res af fects a l te rnate t rophic levels and 
p o s i t i v e c o r r é l a t i o n s ex is t on l y b e t w e e n n o n - a d j a c e n t t r oph i c l eve l s . T h è s e v i e w s are 
e m b o d i e d in the env i ronmenta l s t ress model o f M E N G E and O L S O N (1990) , wh i ch predic ts 
tha t t h e o u t c o m e d é p e n d s on w h e t h e r the p rey or the c o n s u m e r s are more in f luenced by 
s t r e s s . If t h e c o n s u m e r is s t r e s s e d , the c o n s u m e r d é c l i n e s bu t t h e p r e y i n c r e a s e s . 
H o w e v e r , if t he prey is s t ressed m o r e , both p rey and c o n s u m e r t roph ic g roups will décl ine 
w i t h the s t ress . Thèse not ions have important impl icat ions for i ns t ream f low m a n a g e m e n t . 
First , to p red ic t the in f luence of f low changes , we must cons ider w h i c h t rophic g roups are 
m o s t a f f e c t e d by a p r o p o s e d f l o w change . S e c o n d , mon i t o r i ng a n d a s s e s s m e n t of the 
i m p a c t s of f l ow- re la ted s t ress a re mis lead ing if they rely on a s ing le t roph ic leve l . If w e 
f o c u s on ly on phys ica l hab i ta t in ins t ream f low assessmen ts , t hen w e a s s u m e that t rophic 
in te rac t ions ( food l imi tat ion or p rédat ion) will n o t limit the " favored" f ish popu la t ions . 

I N V E R T E B R A T E R E S P O N S E S T O F L O W 

D o e s t h e inver tebra te a s s e m b l a g e respond to c h a n g e s in s t r eam f low ? The re are 
m a n y e x a m p l e s w h e r e d ras t i c f l o w régu la t i on ( i .e. , hyd ro p e a k i n g ) c a u s e s déc l i nes in 
dens i t y a n d d ivers i ty of the inver tebra te fauna. I do not rev iew thèse s tud ies here. Rather, I 
c o n c e n t r a t e m o s t of m y r e v i e w o n t h e q u e s t i o n of m i n i m u m i n s t r e a m f l o w s . T h e 
d i s t u r b a n c e f r e q u e n c y due to s t o r m f lows in runoff s t r e a m s i nc reases the d ivers i ty and 
leads to inver tebra te a s s e m b l a g e s that are in a perpétua i state of recovery ( R E S H et al., 

1988 ; R E I C E et al., 1990) . Natura l exper imen ts demons t ra te ef fects of the ex t r ême f lows, 
e i t h e r h i g h or low o n i n v e r t e b r a t e a s s e m b l a g e s . S p e c i e s r i c h n e s s a n d d i v e r s i t y of 
i nve r teb ra tes in a nor thern Ca l i fo rn ia (U.S.A.) s t ream dec l ined in years of ex t rême drought 
or h igh ra ins in the we t s e a s o n a n d densit ies o f rheophi l ic inver tebra tes dec l ined in d rough t 
y e a r s ( M c E L R A V Y et al., 1989) . In ano ther natura l expehmen t , f ive- to- ten fo ld increases in 
m a x i m u m s u m m e r inver tebra te dens i t ies were observed in wet years ( S C H L O S S E R and 
E B E L , 1 9 8 9 ) ; i n c r e a s e s in b l a c k f i i e s and n e t - s p i n n i n g c a d d i s f i i e s w e r e a t t r i b u t e d to 
i n c r e a s e d ve loc i t y a n d o r g a n i c m a t t e r input. Cha rac te r i za t i on of t h e requ i red hydrau l i c 
cond i t i ons has been d o n e for severa l insects ( O S B O R N E and H E R R I C K S , 1987 ; G O R E , 

1989 ; W E T M O R E et al., 1990 ; J O W E T T et al., 1991) . Ne t -sp inn ing caddis f i ies a re more 
e f f i c ien t a t f o r a g i n g u n d e r ce r ta i n ve loc i ty c o n d i t i o n s ( G E O R G I A N a n d T H O R P , 1992) , 
w h i c h s u g g e s t s one m e c h a n i s m to part ial ly expla in obse rved var ia t ions . 

In add i t i on to c rea t ing mo re phys ica l habitat , h igher f low br ings in more f ood (organic 
mat te r ) fo r ail i nver tebra te co l lec to rs . Ch i ronomid g rowth in a low-grad ien t , coas ta l p la in 
s t r e a m w a s s t rong ly in f luenced by f low and assoc ia ted organ ic mat ter inputs ( H A U E R and 
B E N K E , 1 9 9 1 ) . T h e qua l i t y a n d quan t i t y of f o o d for i n v e r t e b r a t e s d é p e n d o n f l o w a n d 
p rox im i t y to ups t ream sou rces ( M O R I N and P E T E R S , 1988 ; M E Y E R , 1990). There fore , a 
l a n d s c a p e p e r s p e c t i v e fo r a q u a t i c c o m m u n i t i e s ( S C H L O S S E R , 1991 ) is an i m p o r t a n t 
cons i dé ra t i on in ins t ream f low assessmen ts . 

T h e i n v e r t e b r a t e c o m m u n i t y is s e n s i t i v e t o c h a n g e s in s t r e a m f l o w a n d , 
consequen t l y , food w e b s c h a n g e in response to f low ( P O W E R , 1990 ; S T R A N G E et al., 
1 9 9 2 ; C L O S S a n d L A K E , 1 9 9 4 ) . H o w e v e r , t h e r e h a v e b e e n f e w a t t e m p t s to m a k e 
p r é d i c t i o n s of i n v e r t e b r a t e c o m m u n i t y r e s p o n s e s t o f l o w c h a n g e s b e f o r e t h e y occur . 
Ar t i f ic ia l f low inc reases can d ramat ica l l y increase insect dens i t ies . Af ter 24 days , s t ream 
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c h a n n e l s w i th d o u b l e d f l o w h a d over t h ree t i m e s t h e dens i t y of i nsec ts , espec ia l l y net -
sp inn ing cadd is f i ies (Hydropsyche) ; Ch i ronomidae , b lackf i ies , a n d mayf l ies also inc reased 
( S C H L O S S E R a n d E B E L , 1989) . O n a m u c h larger sca le , an inc rease in m i n i m u m f low 
f rom 3 to 142 m^/sec be low a large peak ing hydroe lec t r i c d a m resu l ted in 100- fo ld increase 
in s u m m e r i n v e r t e b r a t e d e n s i t i e s , m o s t l y c h i r o n o m i d s a n d t h e n e t - s p i n n i n g cadd i s f i y , 
Cheumatopsyche ( W E I S B E R G et al., 1990) . A less d rama t i c réduc t ion in the f requency of 
h igh f l o w s a n d l o w f l o w s b e l o w h y d r o e l e c t r i c d a m s c a n resu i t in m a j o r i n c r e a s e s in 
inver tebrate dens i t ies ( M O R G A N etal., 1991) . 

FISH - I N V E R T E B R A T E R E L A T I O N S 

In th is sec t ion I exp lo re the nature of the év i dence that the inver tebra te p rey base 
l im i ts g r o w t h , p r o d u c t i v i t y , a n d s u r v i v a l of s t r e a m f i s h e s . A f t e r m i n i m u m f l o w s w e r e 
e s t a b l i s h e d b e l o w C o n o w i n g o D a m ( S u s q u e h a n n a R i v e r ) , t h e d r a m a t i c i n c r e a s e s in 
inver tebrate dens i t ies resu l ted in h igher s t o m a c h fu l lness m e a s u r e s and bet ter f i sh growth 
and cond i t ion ( W E I S B E R G a n d B U R T O N , 1993) . In th is case , it is not k n o w n whether the 
f ish popu la t ions i nc reased . In a long- te rm s tudy un re la ted to s t reamf low, W A T E R S (1982) 
o b s e r v e d a p o s i t i v e c o r r é l a t i o n b e t w e e n p r o d u c t i o n , y e a r - c l a s s s t r e n g t h , a n d 
p r o d u c t i o n / b i o m a s s r a t i o of b r o o k c h a r r (Salvelinus fontinalis) and p r o d u c t i o n o f 
Gammarus, its pr inc ipa l prey. Th is sugges ts a s t rong b o t t o m - u p in f luence for t h i s t ightiy 
c o u p l e d p reda to r -p rey s y s t e m . In mo re spec ies - r i ch s t r e a m c o m m u n i t i e s , B O W L B Y a n d 
R O F F ( 1 9 8 6 ) o b s e r v e d s t r o n g h a b i t a t a n d t o p - d o w n i n f l u e n c e s , b u t n o b o t t o m - u p 
in f luences on t roph ic s t ruc ture in t empera te s t reams . T h e spat ia l d is t r ibut ions of b iomass 
a n d n u m b e r s of i n v e r t e b r a t e s a n d f ish w e r e c o m p l e m e n t a r y ; i nve r teb ra tes d o m i n a t e d 
riffles and f ish d o m i n a t e d poo ls . 

In expé r imen ta l s t r e a m s tud ies , f ish a re l ikely to r e s p o n d to c h a n g e s in product iv i ty a t 
the base of the f o o d w e b ( W A R R E N et al., 1964) . In con t ras t natura l popu la t ions o f stream 
f ish a re h ighiy var iab le ( G R O S S M A N et al., 1990) a n d the coef f ic ient of var ia t ion (CV) in 
a b u n d a n c e is pos i t ive ly co r re la ted wi th the C V of d i scha rge ( B A Y L E Y and L l , 1992) . I mus t 
ask w h e t h e r t h e d i s t u r b a n c e e f fec ts s u p p r e s s f i sh d e n s i t i e s s u c h tha t hab i ta t a n d f o o d 
levels dur ing in te rven ing per iods are not ma jor l imi tat ions on g rowth a n d surv iva l . If suitable 
hab i ta ts are not sa tu ra ted w e shou idn ' t expec t a d e n s i t y - d e p e n d e n t response t h a t wou ld 
l imit popu la t ion s ize ( G R A N T a n d K R A M E R , 1990) . Cur ren t theory of sa lmon id popu la t ion 
régulat ion predic ts that yea r -c lass s ize is set in the m o n t h s after é m e r g e n c e , but the t ime 
taken to regu la te n u m b e r s dec reases wi th h igh ini t ial popu la t i on dens i t y ( T I T U S , 1990). 
The re fo re , the habi ta t and f ood cond i t ions dur ing th is ear ly t ime per iod w h e n numbers a re 
regu la ted shou ld be cr i t ical va r iab les for popu la t ion success . 

L o n g - t e r m emp i r i ca l s tud ies p rov ide é v i d e n c e tha t hab i ta t in s o m e key l ife s tages c a n 
limit popu la t ion a b u n d a n c e . Trout recru i tment in C o l o r a d o s t r e a m s w a s h ighiy dépenden t 
o n d i s c h a r g e a n d w e i g h t e d u s a b l e a r e a d u r i n g e a r l y l i f e s t a g e s ( N E H R I N G a n d 
A N D E R S O N , 1 9 9 3 ) . R e c r u i t m e n t of s m a l l m o u t h b a s s a n d rock b a s s w a s m o s t h igh iy 
co r re l a t ed w i th m e a s u r e s of hab i ta t ava i l ab le fo r t h e a g e - 0 f i sh ( B O V E E et al.. 1994) . 
H o w e v e r , e m p i r i c i s m c a n n o t d i s c r i m i n a t e b e t w e e n t h e m u l t i p l e c a u s e s ( r e f u g e f r o m 
p réda t i on , f ood p roduc t i on a n d i n c r e a s e d f o rag ing e f f i c iency) tha t a re re la ted t o habitat 
m e a s u r e s . T h e relat ive impor tance of biot ic a n d ab io t ic va r iab les in in f luenc ing variabi l i ty in 
s t r e a m f i sh p o p u l a t i o n s s h i f t s in s p a c e a n d t i m e ( J E N N I N G S a n d P H I L I R R , 1994 ) . 
The re fo re , the ef fect of biot ic var iab les is con t ingen t on past s tochas t ic fac tors . 

A ma jo r d i l e m m a in i n s t r e a m f l ow a s s e s s m e n t s is o u r i m m a t u r e capab i l i t i es fo r 
c o n s i d e r i n g t h e ind i rec t e f fec ts of f low on mu l t i p l e t r o p h i c l eve ls . S e v e r a l i n d e p e n d e n t 
s tud ies o n product iv i ty of t h e N e w River, W e s t V i rg in ia , U S A , w e r e in tegra ted into a mode l 
of e n e r g y f low t h r o u g h t h e c o m m u n i t y ( R O E L L a n d O R T H , 1994 ) . S t r o n g t roph ic l inks 
e x i s t e d b e t w e e n t h r e e c a r n i v o r o u s f i s h e s ( s m a l l m o u t h b a s s , r ock b a s s , a n d f l a t head 
cat f ish) and c ray f i sh , s m a l l e r f i sh , and aqua t i c i nsec ts ( R O E L L a n d O R T H , 1993) . T h e 
hab i ta ts that suppo r t the insect p roduc t iv i t y a re a r e a s w i th pe rcep t ib le cur rent . Crayf ish 
p roduc t ion w a s s e v e n t imes h igher and he l lg rammi te (Corydalus cornutus) p roduct ion w a s 
twen ty t imes h igher in sha l low, fas t -cur rent hab i ta ts t han in n e a r b y poo ls , yet t h e f ishes 
tended to be mo re genera l l y d is t r ibuted ( L O B B a n d O R T H , 1991) . A t y o u n g life s tages the 
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m a y t i i e s (Ephemerop te ra ) a re m a j o r energy sou rces for s m a l l m o u t h b a s s ( E A S T O N a n d 
O R T H , 1992) . The energy f low m o d e l descr ibes the commun i t y wi th 13 componen ts (Table I) 
l i n k e d w i t h n o n - l i n e a r f e e d i n g ra te f u n c t i o n s . M o n t e C a r l o s i m u l a t i o n s , in w h i c h input 
p a r a m e t e r s w e r e r a n d o m l y v a r i e d , w e r e u s e d to s u g g e s t w h i c h p r o c e s s e s w e r e m o s t 
impor tan t in de termin ing b i omass of each component . Most of the var iat ion in b iomass at the 
e n d o f s i m u l a t i o n s c o u l d b e a t t r i b u t e d to v a r i a t i o n in p a r a m e t e r s t h a t d e s c r i b e d t h e 
c o n s u m p t i o n of prey by e a c h componen t . The top-down inf luence w a s less important than 
b o t t o m - u p i n f l u e n c e s , b u t w a s n e v e r t h e l e s s impo r t an t fo r t h e v e r y s t r o n g t r o p h i c l inks 
(c ray f ish- f i sh interact ions) . B a s e d o n th is model , changes in insect or c ray f ish product ion, 
w h i c h a r e h ighiy f low a n d habi ta t dépendent , w o u l d resuit in s igni f icant effects o n b iomass of 
t he f ish c o m p o n e n t s . Yet an ins t ream f low assessment based on physica l habitat for f ishes 
w o u l d no t capture t hèse potent ia l ef fects. Further, the mode l predicts comp lex responses to 
i n v e r t e b r a t e déc l i nes ( e .g . , no t e v e r y CARNIVORE d e c l i n e d d u e to i n v e r t e b r a t e déc l i nes ) , 
p r e s u m a b l y d u e to c h a n g e s in compét i t i ve pressures (Table I). 

In o the r river Systems the f ood w e b inf luence v ia compét i t ion or p réda t ion m a y p lay 
a n equa l l y impor tan t rôle w i th s t r eamf low in the recovery of e n d a n g e r e d f ishes. Int roduct ion 
o f t r o u t a n d o the r n o n - n a t i v e f i s h e s in the u p p e r C o l o r a d o R i ve r b a s i n m a y l imi t t h e 
r e c o v e r y of e n d a n g e r e d f i shes rega rd iess of t h e f lows prov ided to mee t the habi tat needs 
of e n d a n g e r e d f ish ( S T A N F O R D , 1994) . 

I N D I V I D U A L - B A S E D M O D E L S 

So lu t i on of the i ns t ream f low d i l e m m a requ i res fur ther es t ima t ion v ia s imu la t ion of t he 
p e r f o r m a n c e of ta rget c o m p o n e n t s . T h e most récent techn ica l d e v e l o p m e n t in i ns t ream 
f l o w a s s e s s m e n t is t h e u s e o f i n d i v i d u a l - b a s e d m o d e l s fo r s t r e a m f i s h . T h e m o d e l 
d e v e l o p e d fo r s m a l l m o u t h bass expl ic i t ly descr ibes the dai ly p rocesses of fo rag ing , g row th , 
su r v i va l , m o v e m e n t , a n d rep roduc t i on on an ind iv idual f ish bas is ( J A G E R et al., 1993) . T h e 
c u r r e n t v e r s i o n of t h e m o d e l u s e s t i m e sér ies da ta fo r da i ly t e m p é r a t u r e a n d t rad i t iona l 
R H A B S I M desc r i p t i ons of t h e spa t ia l mosaic of hydrau l ic a n d c h a n n e l charac te r i s t i cs of 
h a b i t a t . T h e t r a d i t i o n a l o u t p u t of R H A B S I M , w e i g h t e d u s a b l e a r e a , is r e p l a c e d w i t h a 
m e c h a n i s t i c popu la t ion m o d e l . T h e ind iv idua l -based mode l i ng a p p r o a c h dér i ves popu la t ion 
a t t r i bu tes as é m e r g e n t p roper t ies of t he status of each of t he ind iv idual f i sh . Indiv idual f ish 
c a n r e s p o n d to the d y n a m i c and he te rogeneous s t ream habitat . 

T h e r e a r e four r e a s o n s for concen t ra t i ng o n th is a l te rnat ive a p p r o a c h for i ns t ream 
f l o w a s s e s s m e n t . Prev ious t e c h n i q u e s for recommend ing ins t ream f lows have been diff icult 
o r i m p o s s i b l e to tes t o r re f i ne . T h e r e f o r e , i m p r o v e m e n t s in i n s t r e a m f l o w a s s e s s m e n t 
k n o w l e d g e h a v e been s low. S e c o n d , behav iora l responses , s u c h as re -nes t ing by ma ie or 
f e m a l e s m a l l m o u t h b a s s or re fuge -seek ing behav io rs , must be incorpora ted into ins t ream 
f l ow a s s e s s m e n t s tha t a d d r e s s f luc tua t ing f lows. Th i rd , the spat ia l a n d t empo ra l var ia t ion in 
t h e i m p o r t a n c e of f ood or s p a c e as l imit ing fac to rs can only be a d d r e s s e d by measu r ing 
c o n s u m p t i v e d e m a n d a n d p rey supp ly a n d rep len ishment , as we l l a s t h e s i ze -dependen t 
s p a c e r e q u i r e m e n t s . F ina l ly , if hab i t a t bo t t l enecks tha t l imi t p o p u l a t i o n a b u n d a n c e a re 
iden t i f i ed , th is a p p r o a c h wi l l be m o r e usefui f o r test ing and dev i s ing mi t iga t ion s t ra tég ies 
t ha t r e c o g n i z e and t ake a d v a n t a g e of the un ique indiv idual a t t r ibutes a n d capabi l i t ies of the 
f i s h . D e s p i t e i ts a d v a n t a g e s , t h e i n d i v i d u a l - b a s e d m o d e l i n g a p p r o a c h is st i l l a s i ng le 
s p e c i e s a p p r o a c h wi th s ign i f icant da ta requ i rements . 

M E S O - S C A L E A N A L Y S E S 

Curren t l y , da ta r e q u i r e m e n t s fo r a n ind iv idua l -based a p p r o a c h a re b e y o n d the scope 
of u n d e r s t a n d i n g for p rac t i ca l i n s t r e a m flow a s s e s s m e n t o n s o m e s p e c i e s . Yet, re l iab le 
a d v i c e m u s t b e p rov ided to m a n a g e r s today Rather t han a d d r e s s the n e e d s of spec ies 
ind iv idua l l y v i a IFIM or i nd i v idua l -based mode ls , a l ternat ive m e t h o d s are n e e d e d to serve 
a s c o n c e p t u a l b r idges b e t w e e n the t w o . One a p p r o a c h is a gu i ld - leve l hab i ta t ana lys i s . 
V A D A S ( 1 9 9 4 ) deve loped hab i ta t sui tabi l i ty cr i ter ia for s e v e n gui lds of s t ream f ishes a n d 
f o u n d t h a t h a b i t a t u s e at a g u i l d l eve l was m o r e p r e d i c t a b l e t h a n p a s t s p e c i e s - l e v e l 
a s s e s s m e n t s . P réd i c t i ons of hab i t a t u s e we re m o r e p r e d i c t a b l e a c r o s s s tudy s i tes a n d 
y e a r s for t h e fou r rheophi l ic gu i lds t han for the t h r e e l imnophi l ic gu i lds . 
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Biomass 

g m" 

Percent change due to 

10% loss of aquatic 

insect production 

Aquatic Insects 

Crayfish (âge 1-2) 

Hellgrammites (âge 1-2) 

Prey fishes 

SmaUmouth Bass 

âge 0 

âge 1 

âge 2+ 

Rock Bass 

âge 0 

âge 1 

âge 2+ 

Flathead catfish 

âge 0 

âge 1-3 

âge 4+ 

34.10 

4.63 

1.83 

0.44 

0.57 

0.60 

1.06 

0.42 

0.33 

0.63 

0.09 

0.27 

0.18 

+ 11 

-15 

-88 

-15 

-24 

-23 

-24 

-19 

0 

-21 

-6 

+81 

Tableau I : B i o m a s s e a n n u e l l e m o y e n n e ( p o i d s s e c ) d e 13 c o m p a r t i m e n t s d ' u n 
m o d è l e d e f lux d 'énerg ie pour la N e w River et préd ic t ion d e l 'effet dû à 
u n e p e r t e d e 1 0 % d e la p r o d u c t i o n d ' i n s e c t e s a q u a t i q u e s ( d ' a p r è s 
R O E L L , 1 9 8 9 ) . 

Table I : M e a n a n n u a l b i o m a s s (wet w e i g h t ) of th i r teen c o m p o n e n t s of a n energy 
f l o w m o d e l fo r t h e N e w R i v e r a n d p r e d i c t e d e f f e c t s of a 10 % loss of 
aquat ic insect p roduc t ion ( f rom R O E L L , 1989) . 
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In o rde r to a d o p t a m o r e ecosys tem-o r i en ted a p p r o a c h for pract ica l i ns t ream f low 
a s s e s s m e n t s , b i o l og i s t s s h o u l d f o c u s more a t ten t i on on d e s c r i b i n g c r i t i ca l e c o s y s t e m 
f u n c t i o n s a n d how they d e p e n d on f l ow-dependen t habi tat types . Mos t p rev ious research 
h a s f o c u s e d o n s t ructura l e l e m e n t s of commun i t i es -- wha t a re the spec ies in each habi tat 
? H o w e v e r , a p icture s h o u l d n o w b e emerg ing that permi ts us to desc r ibe the a s s e m b l a g e s 
of m a n y s p e c i e s tha t u s e s im i la r hab i ta ts , mesohab i ta t s , a n d m ic rohab i ta ts . In F igure 1 , 
a v a i l a b l e mesohab i t a t s a re dep i c ted in two d i m e n s i o n s for s impl ic i ty a l though the or ig inal 
d e s c r i p t i o n s a r e mu l t i -d imens iona l ( L O B B and O R T H , 1991 ; A A D L A N D , 1993 ; R A B E N I 
a n d J A C O B S O N , 1993a , 1993b) . T h e s e and other a p p r o a c h e s m a y be used to s impl i fy 
a n a l y s e s fo r d ive rse c o m m u n i t i e s a n d protect t h e divers i ty of aqua t i c hab i ta ts ( G O R E e ra / . , 
1992 ) . T h e cha l l enge for fu tu re research is to con t inue to de f ine e c o s y s t e m p rocesses that 
d e p e n d o n t h e s e mesohab i t a t s s o w e c a n begin to deve lop a matr ix of e c o s y s t e m func t ions 
by m e s o h a b i t a t . Th is in fo rmat ion w o u l d comp lemen t our current spec ies -hab i ta t assoc ia t ion 
d a t a . T h i s a p p r o a c h cou ld be app l ied t oday as a s imp le and pract ica l w a y to pro tec t aqua t i c 
e c o s y s t e m s a n d their biot ic resou rces in a cost-ef fect ive manner . 

VELOCITY (cm/s) 

Figure 1 : Po lygones décr ivant les types communs de mésohabi ta ts dans les 
ruisseaux (adapté de LOBB et ORTH, 1991; AADLAND, 1993 : RABENI et 
JACOBSON, 1993b). 

Figure 1 : Polygons describing common mesohabitat types in streams (adapted from 
LOBB and ORTH, 1991 ; AADLAND, 1993 ; RABENI and JACOBSON, 1993b). 

CONCLUSIONS 

Today, w e possess bet ter techn ica l capabi l i t ies to protect cr i t ical s t r eam habi ta ts in 
t h e f a c e o f w a t e r r e s o u r c e d e v e l o p m e n t than we eve r h a d in t h e pas t . T h e c o n t i n u e d 
d i s a g r e e m e n t ove r t echno log ies for ins t ream f low assessmen ts , s u c h as the Ins t ream Flow 
I n c r e m e n t a l M e t h o d o l o g y ( I F I M ) , is no t un l i ke c o n t r o v e r s i e s o v e r a p p l i c a t i o n of o t h e r 
c o m p l e x t echno log ies ( L A M B , 1989) . O u r debates shou ld con t inue so that w e improve the 
k n o w l e d g e on wh ich w e b a s e dec i s ions about wa te r a l locat ion and f low re leases . 
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F u t u r e r e s e a r c h a n d p r a c t i c a l i n s t r e a m f l o w a s s e s s m e n t s s h o u l d a d d r e s s t h e 
fo l lowing issues : 

1 . A b roader a r ray of t axa shou ld be c o n s i d e r e d in a s s e s s m e n t s a n d researchers 
must con t inue to exp lo re the comp lex in ter re la t ionsh ips a m o n g unre la ted o r g a n i s m s . 

2 . Ins t ream f low a s s e s s m e n t s shou ld concen t ra te on the suspec ted sens i t ive spec ies 
or gu i lds of o r g a n i s m s . S o m e pat terns have e m e r g e d f r om past research on sensit iv i t ies to 
f low régu la t ion . 

3. I ns t r eam f l ow a s s e s s m e n t s c a n b e s imp l i f i ed a n d , p e r h a p s , y ie ld m o r e robust 
préd ic t ions if t hey focus on pred ic t ing the d ivers i ty a n d a b u n d a n c e of hab i ta ts . Research on 
the ef f icacy of meso -sca le ana l yses can prov ide m o r e g u i d a n c e in th is regard . 

4 . R e s e a r c h is n e e d e d to m o r e c lear ly d e m o n s t r a t e the ind i rect e f fec ts of flow in 
a l ter ing food w e b s . 

5. Hab i t a t su i tab i l i t y c r i te r ia m u s t b e m o r e r i go rous i y t e s t e d a n d l i nked t o s o m e 
m e a s u r e s of i n d i v i d u a l f i t n e s s ( e . g . , f e e d i n g s u c c e s s , K W A K et al., 1 9 9 2 ; H I L L a n d 
G R O S S M A N , 1993) . 

6 . I n d i v i d u a l - b a s e d m o d e l s o f fe r o n e a v e n u e fo r e x p l o r i n g t h e po ten t i a l ind i rect 
ef fects of f l ow a l téra t ion as wel l as the c o m p e n s a t o r y r e s p o n s e s that may mi t igate for f l ow 
a l téra t ions. 
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