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RÉSUMÉ ( t raduit par les éd i teurs) 

S i tuée a u s u d de l 'Ang le ter re , la r iv ière A l len est c o n s i d é r é e c o m m e un e x e m p l e 
t y p i q u e d e c o u r s d ' e a u c a l c a i r e s , a v e c u n e répu ta t i on h i s t o r i q u e d e r i v iè re à t ru i te e t 
s a u m o n d e t rès b o n n e qual i té . D e s réduc t ions s igni f icat ives des popu la t i ons de sa lmon idés 
ont suiv i les p remiè res ut i l isat ions des eaux sou te r ra ines d a n s le bass in hyd rog raph ique de 
la r iv ière A l len , en 1946 . Cec i a condu i t l 'Autori té d e Riv ière d e la Rég ion du Wessex à 
en t rep rendre des é tudes sur l 'hydro log ie , la b io logie et les pêche r ies . D a n s ce con tex te , 
l 'Institut d 'Hydro log ie é tud ie p lus par t i cu l iè rement l'effet d e la réduc t ion de débi t sur l 'habitat 
p o t e n t i e l d e s s a l m o n i d é s . L ' é t u d e fa i t a p p e l à la m é t h o d e d e s m i c r o h a b i t a t s ( IF IM) 
( B O V E E , 1982) , et à son m o d u l e de s imu la t ion de l 'habitat ( P H A B S I M ) . Ce t te s imula t ion 
r é s u l t e d u c o u p l a g e e n t r e d o n n é e s b i o l o g i q u e s r e l a t i v e s à d i f f é r e n t s s t a d e s d e 
d é v e l o p p e m e n t d e la t ru i te et d u s a u m o n e t d o n n é e s p h y s i q u e s , d e f a ç o n à a n a l y s e r 
l 'habitat d ispon ib le ( S P U : su r face p o n d é r é e uti le) en fonc t ion des déb i t s . Les cou rbes d e 
d i s p o n i b i l i t é o n t é t é d é v e l o p p é e s p a r l e N R A d e la r é g i o n W e s s e x p a r p l o n g é e 
subaqua t i que et pêche d a n s d i f férents cou rs d 'eau ca lca i res c o m p a r a b l e s à la r iv ière Al len. 
L 'évolut ion de la réduct ion d 'habi ta t , en fonc t ion du débi t , a é té s imu lée par rappor t à u n e 
sér ie t e m p o r e l l e de v a l e u r s m o y e n n e s h y d r o l o g i q u e s h i s to r i ques et r e c o n s t i t u é e s . C e s 
résul tats sont é tud iés sous la f o r m e d e c o u r b e s d 'habi ta ts c l assées . El les d é m o n t r e n t l'effet 
d e la réduc t ion d e déb i t pou r c h a q u e c l asse d 'âge et ont pe rm is d 'aborder une négoc ia t ion 
sur la b a s e d 'une d iminut ion de 50 % des p ré lèvemen ts . 

USING THE IFIM TO MODEL SALMONID FISH HABITAT 
IN THE RIVER ALLEN, ENGLAND. 

ABSTRACT 

T h e River A l l en , s i tuated in sou the rn Eng land , is regarded as a c lass ic examp le of a 
cha lk s t ream and histor ical ly has a réputa t ion as a h igh qual i ty t rou t and s a l m o n fishery. 
S ign i f icant réduct ions in sa lmon id popu la t ions have been o b s e r v e d , fo l low ing the start of 
g r o u n d w a t e r a b s t r a c t i o n w i t h i n t h e A l l e n c a t c h m e n t in 1 9 4 6 . T h i s h a s p r o m p t e d t h e 
Na t iona l R ivers Author i ty W e s s e x Rég ion to in i t ia le de ta i l ed hyd ro iog i ca l , b io log ica l a n d 
f isher ies s tud ies to invest igate the perce ived p rob lem. Wi th in t hèse s tud ies the Insti tute of 
H y d r o l o g y w a s c o m m i s s i o n e d to i n v e s t i g a t e t h e e f fec t of t h e a b s t r a c t i o n r é g i m e u p o n 
sa lmon id habi tat avai labi l i ty ( J O H N S O N et al., 1993) . 

T h e s tudy used the Ins t ream F low Incrémenta l Me thodo logy ( IFIM) ( B O V E E , 1982), 
imp lemen ted us ing the Phys ica l Habi ta t S imu la t ion ( P H A B S I M ) m o d e l . P H A B S I M hydraul ic 
mode l s imula t ion resul ts we re c o m b i n e d w i th habi tat sui tabi l i ty da ta for l i fe -s tages of t rout 
a n d s a l m o n to deve lop habi tat (we igh ted usab le area) vs d ischarge re la t ionsh ips . Habitat 
sui tabi l i ty ind ices w e r e d e v e l o p e d by Nat iona l R ivers Author i ty (NRA) W e s s e x Rég ion staff 
by snorke l l ing a n d wad ing in a n u m b e r of cha lk s t reams s imi lar in cha rac te r to the A l len. 

To a s s e s s the impac t of g r o u n d w a t e r abs t rac t ion u p o n hab i ta t avai labi l i ty, we igh ted 
usab le a rea vs d ischarge re la t ionsh ips w e r e c o m b i n e d w i th a t w e n t y year t ime sér ies of 
m e a n month ly "h is tor ical" a n d "na tu ra l i sed" f lows . T h e resul t ing t ime sér ies of histor ical a n d 
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natural isée! we igh ted usab le a reas w e r e ana lysed us ing a s tanda rd durat ion curve p rog ram. 
T h è s e hab i ta t du ra t ion cun /es demons t ra te t h e ef fect of the abs t rac t ion upon the avai labi l i ty 
of hab i ta t fo r each spec ies l i fe-stage cons idered . T h e resul ts p rov ided by this analys is we re 
u s e d to negot ia te a p r o p o s e d 5 0 % réduct ion in the levels of abst rac t ion wi th in the Al len 
c a t c h m e n t . 

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

T h e River Al len is a cha lk s t ream si tuated in the sou th of Eng land . It r ises near the 
v i l l age o f W i m b o r n e S t G i les , Dorse t , f rom t h e U p p e r Cha lk , a n aqui fer wh i ch cove rs the 
ma jo r i t y of t he 178 km^ A l len c a t c h m e n t (Fig. 1). T h e length of the r iver f rom its perenn ia l 
s o u r c e t o its con f l uence wi th the River Stour is 18 k m , but af ter a high winter rainfall season 
it m a y e x t e n d to 2 3 k m . T h e o b s e r v e d 95 p e r c e n t i l e ( 0 9 5 ) f l o w a n d m e a n f l ow at t h e 
Lover ly Mi l l f l ow gaug ing stat ion (1970-1981) a r e 0 .176 and 1.0 c u m e c s respect ively. 

In 1946 g r o u n d w a t e r abs t rac t ion for pub l ic water supp ly (RWS) was ini t iated us ing 
Cha l k b o r e h o l e s in the r iver va l ley a t Stanbr idge Mil l . Initially, l i censed abst rac t ions were 
l i m i t e d t o 2 . 9 M I / d , b u t in 1 9 7 0 t h e l i c e n s e d m a x i m u m a b s t r a c t i o n w a s i n c r e a s e d to 
1 3 . 1 M I / d . S u b s e q u e n t l y , 3 s t r e a m a u g m e n t a t i o n b o r e h o l e s h a v e b e e n c o n s t r u c t e d a n d 
abs t rac t i on at S tanbr idge Mil l i nc reased to i ts cur rent l i censed limit of 25MI /d ( N E W M A N 
a n d S Y M O N D S (1991)) . Resu l ts p roduced f rom a ca t chmen t g roundwate r mode l conc luded 
t h a t e v e n w i t h ac t i ve s t r e a m a u g m e n t a t i o n , t he 0 9 5 f l o w s at t he r iver f l ow g a u g e s at 
Love r l ey Mil l a n d Wa l fo rd Mill w e r e reduced by 4 0 % and 45 % respect ive ly at m a x i m u m 
a b s t r a c t i o n l eve ls . T h e R i ve r A l l e n has b e e n i den t i f i ed a s o n e of t h e top 4 0 r i ve rs in 
E n g l a n d a n d Wa les su f fe r ing f r om unacceptab ly low f lows (NRA, 1993) . 

N R A f i s h e r i e s d a t a i n c l u d i n g records of c a t c h e s a n d s t o c k i n g p r e - d a t i n g 1 9 7 0 , 
c o m b i n e d w i th data on the qual i ty of ne ighbour ing r ivers, demons t ra ted a signi f icant c h a n g e 
fo l l ow ing the inc reased abs t rac t ions . There have been pers is tent compla in ts f rom an act ive 
R iver A s s o c i a t i o n a b o u t dec l in ing s tandards of a once exce l len t sa lmon id f ishery. T h è s e 
w e r e s u p p o r t e d by records show ing the décl ine in the n u m b e r s of f ish caught on Gaun ts 
Water , w i th in t h e ca tchmen t , f r om over 250 in 1965 and 1966 to less than 100 in 1973 (SIR 
R I C H A R D G L Y N ( 1 9 7 6 ) in N E W M A N a n d S Y M O N D S ( 1 9 9 1 ) ) . In 1 9 9 2 t h e N R A 
c o m m i s s i o n e d the Inst i tute of Hyd ro logy to apply the IFIM at two s tudy si tes on the A l len to 
i nves t iga te t h e effects of t he abs t rac t ions upon habi tat avai labi l i ty for t rout and sa lmon . T h e 
resu l ts of th is s tudy w o u l d then be u s e d to help the fo rmula t ion of an Act ion RIan to p ropose 
m i t i ga t ion m e a s u r e s . T h e IFIM w a s imp lemen ted us ing the R H A B S I M mode l deve loped by 
t h e U.S.Rish & Wi ld i i fe Serv i ce . 

IF IM S T U D Y A R E A A N D P H A B S I M M O D E L C A L I B R A T I O N 

A p p r o p r i a t e s i tes for the IFIM s tudy were se lec ted by v isual ly survey ing the reaches 
of the A l l e n , though t to be impac ted by abst ract ion, f rom the r iver bank. A n assessmen t of 
t he d is t r ibu t ion of d i f férent habi ta t t ypes présent wi th in th is a rea resu l ted in the ident i f icat ion 
of t w o s tudy reaches , s o m e 4 0 0 m apar t , for IF IM app l ica t ion , as shown in F igure 1 . T h e 
u p s t r e a m si te w a s se lec ted b e c a u s e it conta ined a g o o d représenta t ion of the var ie ty of 
hab i ta t t y p e s présent w i th in the sec to r of river u n d e r examina t ion . T h e d o w n s t r e a m site is in 
a r each t hough t , on the bas is of d i scharge m e a s u r e m e n t s m a d e by the N R A , to be mos t 
i m p a c t e d by the abs t rac t ions . 

A t e a c h s i te a représenta t i ve reach was c h o s e n to enab le the samp l ing of all of the 
essen t i a l f ea tu res of t he di f férent habi ta t types présent . T ransec ts were p laced at intervais 
a l o n g e a c h reach to s a m p l e the ava i lab le habitats and to sat isfy the da ta requ i rements of 
t h e R H A B S I M m o d e l s . T h e u p s t r e a m study r e a c h c o n s i s t e d of 12 t r a n s e c t s a n d t h e 
d o w n s t r e a m 8 wi th the a v e r a g e inter- t ransect d i s tance be ing 11.5 m. P H A B S I M cal ibrat ion 
da ta w e r e t hen co l lec ted f r om e a c h s tudy reach in the m a n n e r r e c o m m e n d e d in J O H N S O N 
et al. ( 1 9 9 4 ) . O n the u p s t r e a m s i te t h r e e sets of f l ow ca l ib ra t ion da ta w e r e o b t a i n e d at 
d i s c h a r g e s of 0 .73 , 0 . 39 a n d 0 .51 c u m e c s . O n t h e d o w n s t r e a m s i te t h è s e d a t a w e r e 
o b t a i n e d at d i scharges of 0 .89, 0.51 a n d 0.19 c u m e c s . 
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Catchment Boundary 
• Groundwater Abstraction Point 

X Flow Gauging Station 
• Stream Support Discharge 

O PHABSIM Study Site 

Figure 1 : La r ivière A l len d a n s s o n bass in versant . Loca l isa t ion d e s s ta t ions d'étude 
de l 'habitat par la m é t h o d e P H A B S I M . 

F igure 1 : T h e River A l len c a t c h m e n t a n d locat ion of P H A B S I M s tudy s i tes . 
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O v e r t h e p e r i o d t h a t t h e a b o v e work w a s c a r r i e d o u t , s o m e g r o w t h of a q u a t i c 
v é g é t a t i o n , d o m i n a t e d by Ranuncuius, occur red. In o rde r to ass is t the hydraul ic mode l l ing 
p r o c é d u r e , s o m e cu t t ing of th is végéta t ion w a s under taken on the downs t ream site, in the 
m a n n e r tha t w o u l d norma l l y b e used o n the nver for ang l ing pu rposes , pr ior to the s e c o n d 
se t of f low obse rva t i ons . 

T h e P H A B S I M hydrau l i c m o d e l s were ca l ib ra ted us ing da ta co l lected at each of the 
t h r e e m e a s u r e d ca l ib ra t ion f l ows . W a t e r sur face pro f i les w e r e s imu la ted us ing the W S P 
s t e p - b a c k w a t e r m o d e l . S ta r t ing va lues for water sur face é léva t ions at the d o w n s t r e a m limit 
o f t h e s i t e w e r e s i m u l a t e d u s i n g t h e IFG4 s t a g e - d i s c h a r g e r é g r e s s i o n m o d e l . P o i n t 
ve loc i t i es a c r o s s ind iv idua l t ransec ts were s imu la ted us ing a s ing le- f low IFG4 cal ibrat ion 
b a s e d o n o b s e r v a t i o n s m a d e a t t h e h ighes t of t h e t h r e e o b s e r v e d c a l i b r a t i o n f l o w s . 
C a l i b r a t e d hyd rau l i c m o d e l s w e r e u s e d to s i m u l a t e w a t e r d e p t h s a n d ve loc i t ies o v e r a 
r a n g e of d i scha rges (0.1 to 3.9 c u m e c s ) des igned to cover the ex t rêmes of the histor ical 
a n d na tu ra l i sed m e a n mon th l y f low records used in the subséquen t t ime sér ies ana lyses . 

T A R G E T S P E C I E S A N D H A B I T A T SUITABIL ITY DATA 

B r o w n t rout {SaImo trutta, L. 1758) and s a l m o n (SaImo salar, L. 1758) are the two 
m o s t vu l né rab le f ish spec ies on the A l l en . Most of the conce rns vo i ced over the Al len relate 
to t h e r e d u c e d sport for t rout ang le rs a n d to t h e déc l ine in its s ta tus as a b reed ing a rea for 
m i g r a t o r y s a l m o n a n d b r o w n t r o u t . In o r d e r to a s s e s s t h e i m p a c t of t h e h i s t o r i c a l 
g r o u n d w a t e r p u m p i n g rég ime upon the availabil i ty of phys ica l habi ta t to l i fe-stages of thèse 
s p e c i e s the fo l low ing spec ies l i fe-s tages were se lec ted for the IFIM mode l l ing exerc ise: 

B r o w n t rout 

— adul t (> 2 7 c m ) 
— juveni le / f ry (<13cm) 
— s p a w n i n g 

At lan t ic S a l m o n 

— adul t (<14cm) 
— s p a w n i n g 

A t w o y e a r pe r iod of obse rva t i ons of f ish spec ies in Dorset chalk s t reams by staff 
f r o m N R A W e s s e x rég i on fac i l i t a ted t h e p roduc t ion of hab i ta t su i tab i l i ty c u r v e s for l i fe-
s t a g e s of b r o w n t rout a n d s a l m o n . B O V E E (1986) de f ines ca tégor ies of habi tat suitabi l i ty 
c u r v e s a c c o r d i n g to t h e m e t h o d s used in their cons t ruc t ion , rang ing f rom ca tegory I (curves 
d e v e l o p e d f r o m ex is t ing l i terature) to III (cun/es p r o d u c e d by f ie ld su rvey w o r k wh i ch a re 
a d j u s t e d to accoun t for the avai labi l i ty of habitats at t he t ime and p lace of sampl ing) . The 
c u r v e s p r o d u c e d were , in t he m a i n , Category II o r "ut i l isat ion" cun /es . Curves for subst ra te 
w e r e a d j u s t e d f o r a v a i l a b i l i t y of h a b i t a t and a r e t h u s C a t e g o r y I I I . Fo r t h e adu l t a n d 
juven i le / f r y l i fe -s tages the t ransferab i l i ty of the Ca tego ry II cu rves shou ld be good as the 
s o u r c e s t r e a m s w e r e c h o s e n t o b e s im i l a r in s i z e a n d c h a r a c t e r to t h e A l l e n a n d 
o b s e r v a t i o n s w e r e m a d e w h i l e f l o w s w e r e well above " low leve ls" , over a g o o d range of 
hab i ta t t y p e s . S a l m o n a n d t rout w e r e l iv ing in sympa t r y in the s t reams , as wou ld b e the 
c a s e na tura l l y on the A l l en . T h è s e da ta a re clearly p ré férab le to the Category I curves used 
p rev ious i y in U K research a n d l end cons idérab le we igh t to the f ind ings of th is assessmen t . 
T h è s e da ta a re s h o w n in F igure 2 be low. 

W E I G H T E D U S A B L E A R E A v s D I S C H A R G E C O M P U T A T I O N S 

T h e compu ta t i on of w e i g h t e d usab le area ( W U A ) for t he se lec ted s tudy reaches w a s 
ca r r ied ou t us ing the HABTAT mode l , w i th in PHABSIM, us ing the p rocédures recommended 
in M I L H O U S et al. (1984 &1989) . Wi th in the HABTAT mode l the amoun t of W U A avai lable at 
e a c h of t h e s imu la t ion d ischarges is b a s e d on t h e s u m m a t i o n of indiv idual "cel l" va lues of 
W U A ove r a computa t iona l gr id de f ined, in this case , by da ta points spaced across the study 
t r ansec t s d e s c r i b e d a b o v e . Ce l l va lues of the mic rohab i ta t var iab les dep th , mean co lumn 
ve loc i t y a n d subs t ra te type w e r e p r o d u c e d as ou tpu t f r o m hydrau l ic mode l s imula t ions at 
e a c h of the requ i red f l ows . A t each f low level, individual cel l suitabi l i t ies were ca lcu lated for 
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Figure 2 : Ind ices d e p r é f é r e n c e s d 'habi ta t pour d i f férents s t a d e s de d é v e l o p p e m e n t 

d e la t rui te e t d u s a u m o n . 

F igure 2 : Habi tat sui tabi l i ty ind ices for l i fe -stages of t rout a n d s a l m o n . 

each target species life-stage by Computing a 'Composite Suitability Factor" (CSF) (MILHOUS 
et al. (1989)) using the HSI data described above. Cell WUAs were then calculated by 
multiplying each cell area by its CSF. Total WUA within the reach (in m^/lOOOm), available to 
a given target species life-stage at a given flow, was calculated by summing the individual cell 
WUA values and multiplying the resuit by 1000 divided by the total length of the study reach. 
This procédure was carried out at each of the simulated flows to give the WUA vs discharge 
functions for each target species life-stage as shown in Figure 3. 

HABITAT T I M E S E R I E S A N A L Y S I S 

In order to assess the effects of the historical abstraction régime upon the variation of 
available habitat area over time, weighted usable area vs discharge relationships at the two 
study sites were coupled with time séries of mean monthly "historical" and "naturalised 
flows". Naturalised flows were produced as output from a linked catchment groundwater-
surface water model. The resulting historical and naturalised mean monthly flow records for 
the period 1970 to 1992 were combined with the WUA vs discharge output given above to 
procjuce time séries of historical and naturalised available habitat at both study sites, for 
each of the target species life-stages under considération. 

The habitat (WUA) time séries produced above were then analysed using a 
standard duration curve program. The réduction in yearly levels of habitat duration for ail 
of the target species life-stages indicated that the impact of the abstractions was greater 
at the downstream site, and that the most impacted target species life-stage considered 
was fry/juvenile trout. Historical and naturalised flow duration curves and the 
corresponding fry/juvenile trout habitat (WUA) duration curves at the downstream study 
site are shown in Figure 4 . 
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F i g u r e 3 : Sur faces P o n d é r é e s Ut i les (WUA) en fonct ion d u débi t (avec D/S : s tat ion 
ava l ; U/S : s ta t ion a m o n t ) . 

F i g u r e s : P H A B S I M W e i g h t e d U s a b l e A r e a ( W U A ) v s d i s c h a r g e r e s u l t s ( D / S : 
d o w n s t r e a m sta t ion ; U/S : upst ream sect ion) . 

In o rde r to invest igate s e a s o n a l var iat ion in the impact of the abst rac t ions , habi tat 
t i m e sé r i es s imu la t ions w e r e repea ted on a seasonal bas is . S imu la t ions we re carr ied out for 
t h e s u m m e r ( A p r i l - S e p t e m b e r ) a n d w i n t e r ( O c t o b e r - M a r c h ) p e r i o d s ( s i m u l a t i o n s fo r 
s p a w n i n g l i fe -s tages w e r e c o n d u c t e d for winter m o n t h s on ly ) . F ry / juven i le t rout hab i ta t 
( W U A ) du ra t i on cu rves for the t w o per iods are s h o w n in Figure 5. Resu l ts indicate that the 
i m p a c t of abs t rac t ion is a lmos t ent i re ly conf ined to the s u m m e r mon ths wi th réduct ions in 
W U A ava i l ab le to target spec ies fo r t he winter m o n t h s on ly b e c o m i n g s igni f icant a b o v e the 
9 0 pe rcen t i l e e x c e e d a n c e level . 
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Figure 4 : S ta t ion ava l : c o u r b e s d e s d u r é e s d 'hab i ta t c l a s s é e s ( W U A ) d e s s tades 
a l e v i n s e t j u v é n i l e s d e t r u i t e s c o r r e s p o n d a n t à d e s d é b i t s n a t u r e l s e t 
reconst i tués . 

F igure 4 : D o w n s t r e a m s i t e : h i s t o r i c a l a n d n a t u r a l i s e d f l o w a n d f r y / j u v e n i l e t r o u t 
habi tat ( W U A ) dura t ion c u r v e s . 

For the f ry / juveni le l i fe-s tage of t rout , fur ther f low scéna r i os w i th 25 , 50 a n d 75 % 
réduct ions in the h is tor ica l abs t rac t ion rég ime w e r e a l so m o d e l l e d t o ass is t the NRA w i t h 
the p roduc t ion of r e c o m m e n d a t i o n s for mi t igat ion p rocédu res . T h e résu l tant s u m m e r W U A 
durat ion cu rves at the d o w n s t r e a m site for the t h ree f low scéna r ios (h istor ical , natura l ised 
a n d 5 0 % réduct ion in h is tor ica l abst ract ion) are a l so s h o w n in F igure 5. 

C O N C L U S I O N S 

T h e f l ow du ra t i on c u n / e s (F ig . 4) s u g g e s t tha t t h e a b s o l u t e impac t of abs t rac t i on 
upon d i scharge rema ins rough iy cons tan t a t a r o u n d 0 .25 c u m e c s réduc t ion for any g i v e n 
f low percent i le . C o n s e q u e n t l y the relat ive ef fect of abs t rac t i on i nc reases rapid iy at l ower 
f l o w s (h i ghe r e x c e e d a n c e p e r c e n t i l e s ) . Fo r t h e s u m m e r m o n t h s , d i s c h a r g e a t the 9 5 
percent i le e x c e e d a n c e level w a s dep le ted by 55 %. Of the va r i ous scéna r ios model led the 
g r e a t e s t l o s s e s in W U A p r e d i c t e d w e r e fo r s u m m e r f r y / j u v e n i l e t r o u t W U A at t h e 
d o w n s t r e a m s i te. In th is c a s e W U A at the 95 percent i le e x c e e d a n c e level dec l i ned by 9 4 % . 
At the 50 percent i le e x c e e d a n c e level the co r respond ing réduc t ion p red ic ted w a s 51 %. 

It is poss ib le f r om the resul ts a n d ana lys is p resen ted a b o v e to c h o o s e a prescr ibed 
m i n i m u m s u m m e r d i scha rge co r respond ing to a n y g iven (high) e x c e e d a n c e percent i le of 
ava i lab le habi ta t a r e a for t he mos t sens i t i ve of the ta rge t s p e c i e s , f ry / juveni le trout. For 
examp le , to e n s u r e tha t in t h e s u m m e r ava i lab le hab i ta t a r e a for t rout f ry r ema ins a iways 
a b o v e i ts h i s t o r i c a l 5 0 p e r c e n t e x c e e d a n c e v a l u e of a r o u n d I S O O m V I O O O m (at t h e 
d o w n s t r e a m s i te ) , w o u l d r e q u i r e a m i n i m u m d i s c h a r g e of 0 . 3 3 c u m e c s (75 % of t h e 
histor ical s u m m e r m e a n f low) to be ma in ta ined . T h e r e is c lear ly a n ou ts tand ing issue in 
dec id ing exact iy wh i ch percent i le e x c e e d a n c e of ava i lab le habi ta t a rea w e can define as 
be ing eco log ica l ly accep tab le ' . Fur ther mode l app l i ca t ions t o s imi la r i ssues a n d défini t ive 
obse rva t i ons of hab i ta t su i tab i l i t y u n d e r a range of r e d u c e d f l ow cond i t i ons , wi l l g i ve a 
c learer p ic ture of the leve l at wh i ch sus ta ined pe r iods of low hab i ta t ava i lab i l i ty b e c o m e 
cri t ical to spec ies success . 
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F i g u r e 5 : S t a t i o n a v a l : c o u r b e s d e s d u r é e s d ' h a b i t a t c l a s s é e s d e s t r u i t e s 
a lev ins / juvéni les pour t o u s les niveaux d e réduct ion d e déb i ts ana lysés . 

F i g u r e 5 : D o w n s t r e a m s i te : s u m m e r and w i n t e r f r y / j u v e n i l e t r o u t hab i ta t ( W U A ) 
dura t ion c u r v e s for ail levels of abstract ion e x a m i n e d . 

T a b l e a u I : P r é s e n t a t i o n d e s résu l ta ts obtenus à part ir d e P H A B S I M e n n o m b r e de 
j o u r s o u u n e p r o p o r t i o n d o n n é e d e m a x i m u m s d e d u r é e s d ' h a b i t a t 
c l a s s é e s n'est pas d é p a s s é e . 

T a b l e I : P r é s e n t a t i o n o f P H A B S I M o u t p u t s a s n u m b e r o f d a y s t h e g i v e n 
p r o p o r t i o n s of m a x i m u m avai lable W U A are not e x c e e d e d . 
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15 2 9 31 76 

26 9 25 69 73 

35 18 45 87 61 

100 151 160 169 50 
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