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R É S U M É ( traduit par les éd i teurs) 

Les popu la t ions de t ru i te (Salmo trutta, L.) et de s a u m o n (Salmo salar, L.) d e s cours 
d ' e a u son t c a r a c t é r i s é e s p a r d e s v a r i a t i o n s s p a t i a l e s e t t e m p o r e l l e s . L a capac i t é d e s 
modè les d 'habi tat ( m o d è l e s emp i r i ques rel iant l ' abondance des po i ssons à des var iab les 
spat ia les) à exp l iquer la va r iance to ta le de l 'abondance reste c e p e n d a n t rédui te a u x seules 
c o m p o s a n t e s spa t ia les . II est pou r tan t impo r tan t de m i e u x c o n n a î t r e leu r cont r ibu t ion à 
cet te var iance to ta le , d 'où la nécess i té d 'es t imer la pe r f o rmance potent ie l le m a x i m u m d e s 
modè les par rappor t à leur pe r fo rmance actue l le . Une part i t ion de la va r i ance peu t aider à 
d é g a g e r les rô les respect i fs d e s fac teurs spa t iaux e t t empo re l s ( synch rones ) in f luençant 
l ' a b o n d a n c e d e s p o p u l a t i o n s en é t u d i a n t leur va r i a t i on en f o n c t i o n d e l ' a p p a r t e n a n c e 
géog raph ique des échant i l lons . 

Des modè les d 'habi tat ( H A B S C O R E ) , r é c e m m e n t d é v e l o p p é s pour les cours d 'eau 
d u Rays de Gal les , ont é té ut i l isés pour exp l iquer la va r iance d 'un j e u de d o n n é e s recueill i 
sur 10 ans . Les fac teurs spa t iaux exp l iquent ent re 46 et 6 2 % de la va r i ance to ta le pour les 
cours d 'eau du bass in d e la Conwy . C e l a mon t re les l imi tes m a x i m u m s d e la per fo rmance 
de modè les const ru i ts à cet te éche l le . A l 'except ion d 'une fa ib le p e r f o r m a n c e pou r les par rs 
d e s a u m o n , les modè les d 'habi ta t p rennen t en c o m p t e d e 6 0 à 95 % d e la composan te 
spat ia le , soit 38 à 4 6 % d e la va r iance to ta le . 

La s t ructure d e la va r i ance a été c o m p a r é e à qua t re n iveaux d i f férents d 'analyse : 
en t re les d i f férents t r ibuta i res de la C o n w y (1), ent re 9 s y s t è m e s d i f férents de cours d 'eau 
(2), ent re trois rég ions (3) et d a n s tout le Rays de Ga l les (4). La va r iance spat ia le évolue d e 
22 -42 % (moyennes ) a u n i veau local (1) à 42 -65 % a u n iveau rég iona l (4). Raral lè lement, la 
va r iance tempore l le (soit, une m e s u r e d u synch ron i sme d e la var iabi l i té des populat ions) 
décroî t d e 24 -39 % du n i veau local (1) à 0.7-9.0 % au n iveau rég iona l (4). 

A u n i veau inter c o u r s d ' eau (2) et à p lus la rge éche l l e , la v a r i a n c e tempore l le d e 
l ' abondance d e s 0 + est b e a u c o u p p lus fa ib le q u e pou r les p o i s s o n s > O'' '. Certa ins d e s 
f ac teu rs i n f l uençan t la va r iab i l i t é aux d i f fé ren tes é c h e l l e s g é o g r a p h i q u e s son t d iscu tés 
b r ièvement . 

M o t s - c l é s : s a l m o n i d é s , c o u r s d ' e a u , dens i t é d e p o p u l a t i o n , v a r i a n c e spat ia le e t 

tempore l le , modè les d 'habi tat , s y n c h r o n i s m e , échel le géog raph ique . 

V A R I A N C E S T R U C T U R I N G IN S T R E A M S A L M O N I D P O P U L A T I O N S , E F F E C T S O F 
G E O G R A P H I C A L S C A L E A N D I M P L I C A T I O N S F O R HABITAT M O D E L S . 

A B S T R A C T 

Trout (Salmo trutta, L.) a n d sa lmon (Salmo salar, L.) popu la t ions in s t reams exhib i t 
t e m p o r a l and spa t ia l va r i a t i on . However , the abi l i ty of hab i ta t m o d e l s ( emp i r i ca l m o d e l s 
re lat ing f ish a b u n d a n c e t o spa t ia l fea tu res ) t o exp la in overa l l v a r i a n c e in a b u n d a n c e is 
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res t r ic ted jus t to the spat ia l c o m p o n e n t . It is there fore impor tant to be ab le to quant i ty the 
con t r i bu t i on f r o m the spat ia l c o m p o n e n t to total var iance. Th is allows assessmen t of both 
t h e p o t e n t i a l m a x i m u m p e r f o r m a n c e of mode ls as we l l as the i r ac tua l p e r f o r m a n c e in 
re la t i on to t h e m a x i m u m . F u r t h e r m o r e , such va r i ance par t i t ion ing of fers insight into the 
r e l a t i v e r ô l e s o f s p a t i a l a n d t e m p o r a l ( s y n c h r o n o u s ) f a c t o r s in i n f l u e n c i n g p o p u l a t i o n 
a b u n d a n c e a n d how thèse vary acco rd ing to the geograph ica l scale of samp l ing . 

Hab i ta t mode ls ( H A B S C O R E ) , recently deve loped for We lsh s t reams, were used to 
exp la i n v a r i a n c e in a ten year da ta set for wh ich tempora l and spat ia l var iance cou ld be 
e s t i m a t e d . Spat ia l fac to rs exp la ined between 46 and 62 % of overal l vahance with in the 
C o n w y System. Th is ident i f ies t he m a x i m u m limits fo r the p e r f o r m a n c e of such mode l s 
w o r k i n g at th is sca le . W i th the excep t ion of poor pe r fo rmance for sa lmon parr, the habitat 
m o d e l s a c c o u n t e d fo r 6 0 - 9 5 % of t he spat ial c o m p o n e n t , c o r r e s p o n d i n g to 38 -46 % of 
ove ra l l va r i ance . 

In add i t i on , v a r i a n c e s t ruc tu re w a s c o m p a r e d at four d i f férent leve ls of ana lys is : 
w i th in t r ibu ta r ies on the Conwy , w i th in nine di f férent large separa te r iver Systems, wi th in 
t h r e e a r e a s a n d w i t h i n t h e rég ion of Wa les . Spa t ia l v a r i a n c e i n c r e a s e d f rom 2 2 - 4 2 % 
( m e a n s ) at wi th in- t r ibutary level to 42 -65 % at régional level . In contrast , tempora l var iance 
(a m e a s u r e of synch rony in popu la t ion variabil i ty) dec reased f rom 24-39 % within t r ibutar ies 
to 0 .7 - 9 .0 % at rég iona l leve l . A t wi th in- r ivers a n d larger sca le the tempora l va r iance 
d i s p l a y e d in 0-H a b u n d a n c e w a s cons is ten t ly lower than tha t fo r >0-i- f i sh . S o m e of the 
fac to rs in f luenc ing var iabi l i ty at the di f férent geograph ica l sca les a re brief ly d iscussed. 

K e y - w o r d s : sa lmon ids , s t r eams , populat ion densi ty, spat ia l and tempora l var iance, 
hab i ta t m o d e l s , synchrony, geograph ica l scale. 

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

T h e d i s t r i bu t i on a n d a b u n d a n c e of j uvén i l e s a l m o n i d s a r e o f t en u s e d t o a s s e s s 
env i r onmen ta l impacts or to moni to r the outcome of f ishery managemen t stratégies. For this 
p u r p o s e it is n e c e s s a r y to k n o w t h e extent of t empo ra l a n d spat ia l var iabi l i ty of s t ream 
p o p u l a t i o n s a n d to have an unde rs tand ing of their under l y ing causes . S t ream habi tat is 
c o m m o n l y regarded as a s igni f icant source of spat ial var iance in sa lmon id abundance and 
the re have b e e n numerous a t tempts to explain spatial var iat ion in te rms of local site habitat 
f ea tu res a n d ca tchmen t character is t ics , mainly in Nor th Amer i ca (see rev iew by F A U S C H et 
al., 1988) but a Iso in Europe (e.g. H E R M A N S E N and K R O G , 1984 ; M ILNER et al., 1985 ; 
Z A L E W S K I et al., 1985). 

Hab i ta t m o d e l s offer potent ia l ly valuable m a n a g e m e n t tools (M ILNER et al., 1985), 
bu t on ly if t hey expla in a s ign i f icant proport ion of spat ia l var iabi l i ty over a w ide range of 
s t r e a m t ypes , a n d if the spat ia l c o m p o n e n t of overal l va r iance is s igni f icant in relat ion to 
o the r s o u r c e s of var ia t ion. Th is pape r summar ies a s tudy of popu la t ion densi ty var iance in 
A t lan t i c s a l m o n (Sairvo salar L.), s e a trout and brown trout (migratory and non-migratory 
f o r m s of S. trutta L.) in the r iver Conwy , North Wa les , sun /eyed over a ten-year pe r iod . 
Hab i ta t m o d e l s ( H A B S C O R E ) recent ly deve loped for W e l s h s t reams we re app l ied to thèse 
d a t a to e x a m i n e what p ropor t ion of spat ia l var iance they were ab le to exp la in . A second set 
of sho r te r du ra t i on , bu t cove r i ng e igh t addi t ional r ivers th roughou t Wa les a l l owed var iance 
s t ruc tu re to b e e x a m i n e d at d i f férent sca les , f rom t r ibutary up to régional level , in order to 
d e s c r i b e the relat ive rô les of spat ia l a n d temporal fac tors at t hèse di f férent levels. 

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

S t u d y c a t c h m e n t s 

T h e n i n e r i ve rs in t h i s s t u d y (F ig .1 ) d r a i n u p l a n d c a t c h m e n t s w i t h b a s e - p o o r 
g e o l o g i e s a n d sub jec t to low in tens i ty stock g raz ing on u n i m p r o v e d pas tu re , w i th mo re 
i n t e n s i v e a g r i c u l t u r e in s o m e l o w e r v a l l e y s . R I a n t a t i o n f o r e s t r y is c o m m o n a n d 
ac id i f i ca t i on of s o m e h e a d w a t e r s t r e a m s occurs . Rainfa l l is typ ica l ly h igh ( > 2 0 0 0 m m in 
u p p e r c a t c h m e n t s ) a n d the f low r é g i m e s are spatey , w i t h h i gh f l ows occu r r i ng in a u t u m n 
a n d w in te r . 
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Conwy tributaries : 1.Roe, 2.Nant y Goron, S.LIedr, 
4.lwrch, S.Nant y Foel. 

Figure 1 : Loca l isa t ion d e s c o u r s d 'eau é tud iés a u P a y s d e Ga l l es . 
L e s a f f luents é t u d i é s s o n t : R o e (1) , N a n t y G o r o n (2 ) , L Iedr (3 ) , Iwrch (4), 

Nant y Foel (5) . 

F igure 1 : Locat ion of t h e s t u d i e d r ivers in W a l e s . 
C o n w y t r ibutar ies a r e : R o e (1 ) , Nant y G o r o n (2 ) , L Iedr (3) , Iw rch (4), Nant y 

Foe l (5) . 

Fish popu la t ion survey 

Fish w e r e s a m p l e d annua l l y by e lec t ro f ish ing 5 0 m s i tes i so la ted by s top nets , du r i ng 
the per iod Ju l y to S e p t e m b e r . O n t h e r iver C o n w y t w e n t y - e i g h t s i tes o n f ive t r ibu tar ies 
(Fig.1) gave da ta for four to ten year per iods , be tween 1982 a n d 1 9 9 1 . A n addi t ional e ight 
r ivers were s a m p l e d annua l l y for per iods of f ive to seven yea rs , us i ng the s a m e techn iques 
as on the Conwy . Si tes w e r e se lec ted to be représenta t ive of the d o m i n a n t s t r e a m habi tats 
in each t r ibu tary or m a i n r iver z o n e . Popu la t i on s i zes w e r e e s t i m a t e d by the m a x i m u m 
l ikel ihood m e t h o d of C A R L E a n d S T R U B (1978) . 

Fish w e r e m e a s u r e d (fork leng th , nearest 1 m m ) and a g e d by sca le read ing and s ize 

f requency d is t r ibut ions. 
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Habi ta t survey a n d m o d e l s 

Elec t ro f i shed si tes on the C o n w y were su rveyed us ing the H A B S C O R E procédure 
( N R A , 1991 ) in wh i ch t r a n s e c t - b a s e d measu remen ts w e r e m a d e of s t ream habi tat features. 
Typ i ca l s i te var iab les inc luded w id th , depth, cover, f low types and subst ra te compos i t ion . 
C a t c h m e n t fea tu res , t aken f r om 1:50,000 maps and f rom the N R A régional water qual i ty 
d a t a b a s e , inc luded grad ient , c a t c h m e n t area, a l t i tude, conduct iv i ty, d is tance to mouth and a 
f l ash iness index . 

T h e H A B S C O R E mode ls w e r e p roduced f rom a data set of up to 224 sites on 11 
c a t c h m e n t s in Wa les and we re de r i ved by fonward, s tepwise mul t ip le régress ion using si te 
a n d c a t c h m e n t f e a t u r e s as i n d e p e n d e n t v a r i a b l e s , i n c l ud i ng a w i d e r a n g e of d e r i v e d 
v a r i a b l e s b a s e d on the jo in t o c c u r r e n c e of va r i ous phys i ca l a t t r i bu tes . T h e d é p e n d e n t 
v a r i a b l e s w e r e f ish dens i t i e s , as N/ lOOm^. S i tes w e r e s c r e e n e d care fu l l y to avo id any 
sub jec t to ident i f iab le env i ronmen ta l impacts. Mode ls were deve loped for four catégor ies of 
s a l m o n i d : t rou t 0^, t rout >0-^, s a l m o n 0* a n d sa lmon >0* . 

M o d e l p a r a m e t e r s h a v e b e e n r e p o r t e d e l s e w h e r e ( M I L N E R et al., 1 9 9 3 ) . 
P e r f o r m a n c e as m e a s u r e d by the percentage of popu la t ion dens i ty ( independent data set) 
v a r i a n c e (R^, ad j %) exp la ined by the models we re 72 .4 , 66 .2 , 48 .3 and 26.2 % for t rout 0*, 
t rou t >0"^ a n d s a l m o n >0* respect ive ly . 

Data ana lys is 

T h e me thods out l ined here refer to two dif férent exerc ises : a habitat model l ing and 
c a t c h m e n t s c a l e va r iance par t i t ion ing on the C o n w y ( M I L N E R et al., 1993) and a more 
récen t d e v e l o p m e n t us ing i m p r o v e d techn iques in a nat ional sca le habi tat model l ing project 
( W Y A T T etal., 1995) . 

C o n w y data 

V a r i a n c e in popu la t i on dens i t y w a s ana lysed by r a n d o m ef fec ts t w o - w a y A N O V A 
( S O K A L a n d R O H L R 1 9 8 1 ) , w i t h c o r r e c t i o n f o r m i s s i n g v a l u e s u s i n g t h e M i n i t a b 
G e n e r a l i s e d L inear Mode l l i ng ( G L M ) procédure . Mul t ip l icat ive mode l s we re f i t ted to log-io 
(n-i-1) - t r a n s f o r m e d da ta . T h e add i t i ve mode l app l ied to t rans fo rmed da ta was : 

l og i o ((" i j + 1)/A) = m -H S| -H yj -I- eij 

w h e r e n^ = numbers at site i in year j ; A = we t ted a rea (lOOm^) ; m = overal l m e a n 
dens i t y ; Sj = ef fect due to s i te i ; y^ = effect due to year j ; ey = error, inc lud ing measu remen t 
e r ro r a n d in terac t ion b e t w e e n s i te i a n d yea r j . 

Va r iance w a s par t i t ioned into th ree components (spat ia l , t empora l and error) at two 
leve ls of ana lys i s : f i rst ly b e t w e e n all 28 sites and second iy be tween si tes wi th in each of 
f ive t r ibu tar ies separate ly . Spat ia l va r i ance (Vg), tempora l var iance (Vt) and error var iance 
(Vg) w e r e app rox ima te l y es t ima ted f rom : 

V s = ( M S s - M S e ) / m 

V, = ( M S , - MSe)/n 

V e = MSe 

and V, = Vs + V, + Ve 

w h e r e V j - total va r iance ; MSg = mean squa re (sites) ; M S , = m e a n square (years) ; 
MSe = s r ro r m e a n square ; m = n u m b e r of years ; n = number of s i tes. 

S im i la r mode l s have been app l ied to monthly da ta f rom s t ream f ish populat ions by 
M E A D O R a n d M A T T H E W S (1991) . Tempora l va r iance represented synch ronous var iat ion 
b e t w e e n s i tes a t the g iven level of ana lys is , i.e. the tendency for all s i tes to have good or 
b a d y e a r s s imu l taneous iy . 

Hab i ta t d a t a we re co l lec ted for 2 6 of 28 C o n w y si tes in the f ive t r ibutar ies dur ing 
s u m m e r , 1 9 9 1 . Us ing thèse da ta , t he régional H A B S C O R E mode ls w e r e app l ied to those 
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si tes to exam ine thieir o b s e r v e d dens i t ies aga ins t the va lues (Habi tat Qual i ty Sco re , HQS) 
expec ted f rom habi tat fea tu res as pred ic ted f rom the mode ls . 

T h e abi l i ty of H A B S C O R E to expla in the spat ia l c o m p o n e n t of va r iance wi th in a long 
te rm da ta set w a s a s s e s s e d by compar ing the spat ia l va r iance exp la ined by HQS with the 
total spat ia l va r iance ca l cu la ted for t he 26 s i tes, bu t subs t i tu t ing H Q S va lues for s, in t h e 
mode l s h o w n above . 

G e o g r a p h i c a l sca le c o m p a r i s o n 

Var iance w a s par t i t ioned for the C o n w y and a fur ther e ight r ivers us ing an improved 
p r o c é d u r e b a s e d o n R e s i d u a l M a x i m u m L i k e l i h o o d ( R E M L ) ( P A T T E R S O N a n d 
T H O M R S O N , 1971) , us i ng an a lgo r i t hm d e v i s e d by R O B I N S O N et al. (1982) ope ra ted 
t h r o u g h C o n s t a t 5 .3 r ou t i nes ( P A Y N E et al., 1 9 9 3 ) . In a b a l a n c e d d e s i g n , t h e R E M L 
es t imâtes of the va r iance c o m p o n e n t s are ident ical to the unb iased es t imâ tes that can be 
p roduced f rom the A N O V A m e t h o d . However , R E M L c a n a lso be used w i th unba lanced 
d a t a t o p r o d u c e e s t i m â t e s of v a r i a n c e c o m p o n e n t s t h a t a r e m o r e a c c u r a t e t h a n t h e 
approx imat ions of t he G L M - b a s e d p rocédu res used on the C o n w y data . Fur thermore , for 
the geograph ica l compa r i sons , zéro data po in ts (<5 % of s i tes) we re omi t ted and da ta w e r e 
t rans fo rmed by natura l logar i thms. Th is p rocédure , adop ted as part of a mo re récent habitat 
mode l l ing exerc ise ( W Y A T T et al., 1995) , a l ters the abso lu te va r i ance va lues , but has ve ry 
little effect on their p ropor t iona l va lues and thus does not af fect the interprétat ion of results 
in th is account . 

T h e m o d e l ut i l ised w a s équ iva len t to a random ef fects t w o - w a y A N O V A : 

Loge (rii j/A) = m -h S| -H yj -H ey 

Us ing this imp roved p rocédu re , va r iance par t i t ion ing w a s c o m p a r e d at four levels : 

1. Wi th in- t r ibu tary (Conwy only) . 

2 . W i th in - r i ve r (n ine r i vers : C l w y d , C o n w y , D e e , Dy f i , Usk , W y e , Taf, Tei f i , 
Tywi ) . 

3. W i th in -a rea ( three a reas : Nor th , Sou th East a n d S o u t h Wes t Wa les ) . 
4 . Wi th in - reg ion (Wales) . 

R E S U L T S 

Spat ia l a n d t e m p o r a l a b u n d a n c e var ia t ion in the C o n w y 

T h e r e w e r e c o n s i s t e n t d i f f é r e n c e s in s a l m o n i d d e n s i t i e s b e t w e e n a n d w i t h i n 
t r ibutar ies (Fig.2) . T h e Roe , Nan t y Go ron and LIedr t rout popu la t ions a re p redominant ly 
sea t rout w h e r e a s the Iwrch a n d Nan t y Foe l con ta in ent i re ly non-mig ra to ry b rown t rout . 
Most (88 %) C o n w y sea t rout a n d s a l m o n migra te to sea at âge 2 years (NRA, 1992). Th is 
is re f lec ted in the â g e compos i t i on of t rout popu la t ions s u c h tha t >2* f i sh are absent o r 
in f requent (<1.5 % ) in s t r e a m s suppor t i ng migra tory popu la t i ons ( M I L N E R et al., 1993) . 
Because of the very low inc idence of >2* f ish the da ta fo l low ing a re cons ide red in terms of 
late s u m m e r O-i- (fry) and >0* (parr ) . 

F o r a l l ( b r o w n a n d s e a ) t r o u t t o g e t h e r , 4 9 % a n d 6 1 % o f t o t a l v a r i a n c e w e r e 
attr ibutable to spat ia l factors for fry and parr respect ively, whe reas only 4 and 12 % we re 
attr ibutable to tempora l effects (Table I). Cor respond ing va lues for sa lmon we re 62 and 46 % 
for spat ial and 5 and 9 % for tempora l effects, respectively. 

T h e cont r ibut ion of t empo ra l var iance w a s greates t at w i th in- t r ibutary level (Table I). 
Synch ronous var ia t ion w a s s t rong in the R o e (17-43 % ) , ra ther l ess in the N a n t y G o r o n 
(14-31 %) and least in the LIedr (7-14 % ) . 

H A B S C O R E m o d e l s as predictors of va r i ance in the C o n w y 

In 2 6 C o n w y s i tes for w h i c h habi ta t da ta w e r e ava i lab le , the H A B S C O R E mode ls 
exp la ined 95 , 6 1 , 6 0 a n d 3.9 % of the spat ia l va r iance for all t rout f ry and parr, a n d sa lmon 
f ry a n d pa r r r e s p e c t i v e l y ( F i g . 3 ) . T h è s e v a l u e s c o r r e s p o n d to 4 6 , 3 8 , 38 and 2 % , 
respect ively, of the overa l l va r i ance d isp layed by thèse g roups . 
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F i g u r e 2 : Var ia t ion d e dens i té d e s sa lmonidés intra et inter c o u r s d 'eau (5) , aff luents 
d e la r ivière C o n w y . M o y e n n e géométr ique à long t e r m e (4-10 ans) à 95 %. 
Voir M I L N E R et al. ( 1 9 9 3 ) pour la loca l isat ion préc ise d e s s i tes. 

F i g u r e 2 : Var ia t ion in s a l m o n i d d e n s i t y wi th in a n d b e t w e e n f ive C o n w y t r ibutar ies . 
L o n g t e r m ( 4 - 1 0 y e a r s ) géomét r ie m e a n s wi th 95 % c o n f i d e n c e l imi ts . S e e 
M I L N E R et al. ( 1 9 9 3 ) fo r s i te locat ions. 

G e o g r a p h i c a l sca le e f fects of var iance part i t ioning 

W h e n d a t a for n ine r ivers ( inc lud ing the Conwy ) were c o m b i n e d (Table II), tempora l 
v a r i a n c e p e r c e n t a g e d e c r e a s e d f r o m 24-39 % ( m e a n v a l u e s for t h e f ou r s p e c i e s / a g e 
g r o u p s ) a t w i t h i n - t r i bu ta r y leve l t o 0 .7 - 9.0 % at R é g i o n a l l eve l , re f l ec t i ng c h a n g e s in 
a b s o l u t e v a r i a n c e (Fig.4). Mos t of t h e decrease occur red on mov ing up f rom within- t r ibutary 
to w i th in - r i ve r level . At w i th in- r iver a n d higher sca les , abso lu te t empora l var iance (Fig.4) 
w a s cons i s ten t l y lower in f ry c o m p a r e d with parr, but this pat tern w a s reversed at wi th in-
t r ibu ta ry leve l . 

In con t ras t , the p ropor t ion of spat ia l var iance (Table II) w a s least a t wi th in- t r ibutary 
leve l ( m e a n v a l u e 22-42 %) and greates t (42-65 %) at rég ional level , t rends wh ich ref lected 
c h a n g e s in abso lu te va r iance . 

D I S C U S S I O N 

T h è s e resul ts d e m o n s t r a t e the relat ive impor tance of spat ia l and tempora l factors in 
exp la i n i ng a b u n d a n c e of sa lmon ids at individual sites a n d at di f férent geograph ica l sca les. 
T h e i nc rease in the in f luence of t empo ra l factors at wi th in- t r ibutary level w a s part icular ly 
m a r k e d , ind ica t ing that local t empo ra l factors a re major dé te rminan ts of abundance at that 
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Tableau I : Partition de la variance des populations dans la rivière Conwy et ses 
tributaires. Densités en log^o {n+1). 

Table I : Population variance partitioning within the River Conwy and tributaries, 
logio (n + 1) densities. 

Spatial 
Scale 

Species 
/âge 

Spatial Variance 
Sites % 

Temporal Vanance 
Years % 

Total 
Variance 

CONWY OVERALL 

trout fry 28 48.7 10 3.7 0.23401 

trout parr 28 61.2 10 12.3 0.17145 

salmon fry 17 62.5 10 4.6 0.30865 

salmon parr 17 45.6 10 9.1 0.13837 

WITHIN-TRIBUTARY 

( 1 ) R 0 E 
0.08656 trout fry 5 40.6 10 41.2 0.08656 

trout parr 5 29.9 10 42.8 0.13906 

salmon fry 5 22.2 10 36.0 0.11629 

salmon parr 5 27.2 10 17.3 0.07158 

(2) NANT Y G O R O N 
trout fry 8 18.9 10 28.7 0.10100 

trout parr 8 42.0 10 22.2 0.12908 

salmon fry 5 42.0 10 13.7 0.44050 

salmon parr 5 34.2 10 30.6 0.14713 

(3) LLEDR 
trout fry 7 11.6 7 13.9 0.09461 

trout parr 7 68.6 7 7.2 0.12973 

salmon fry 7 64.6 7 10.1 0.30054 

salmon parr 7 62.4 7 9.1 0.18177 

(4) IWRCH 
trout fry 5 31.6 7 41.2 0.33254 

trout parr 5 13.7 7 58.3 0.07595 

(5) NANT Y FOEL 
trout fry 3 0* 8 66.5 0.27645 

trout parr 3 6.6* 8 29.0* 0.03973 

' v a r i a n c e s not s ign i f i can t l y d i f fé ren t ( P < 0 . 0 5 , t w o w a y A N O V A ) , ai l o the r v a l u e s 

s ign i f i an t ( P < 0 . 0 5 ) . 
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F i g u r e 3 : Par t i t ion g é n é r a l e d e l ' abondance d e s t ru i tes et s a u m o n s d a n s tous les 
s i tes d e la C o n w y . 

F i g u r e 3 : O v e r a l l a b u n d a n c e p a r t i t i o n i n g for t rout a n d s a l m o n in ai l C o n w y s i tes . 
P e r c e n t a g e cont r ibu t ions s h o w n a longside . 
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Tab leau II 

Table II 

P a r t i t i o n d e la v a r i a n c e d e s p o p u l a t i o n s à d i f f é r e n t e s é c h e l l e s 
g é o g r a p h i q u e s . Var iances et va leurs e n % s o n t d e s va leurs m o y e n n e s . 
Dens i tés e n l o g ^ (n) . 

P o p u l a t i o n v a r i a n c e p a r t i t i o n i n g a t d i f f é r e n t g e o g r a p h i c a l s c a l e s , 
v a r i a n c e s a n d % va lues are m e a n s for e a c h s i d e , l o g ^ n (densi t ies) . 

Sampl ing Spec ies Spatial T e m p o r a l Total R a n g e 

scale / â g e variance % var iance % var iance 

W I T H I N - T R I B U T A R I E S 

( C O N W Y ) (n=5 ) 

trout fry 2 1 . 8 3 4 . 7 1 .0861 0 . 6 3 5 6 - 1 . 8 6 3 5 

trout parr 32 .5 3 3 . 3 0 . 9 2 8 3 0 . 2 3 9 9 - 1 . 5 1 1 0 

sa lmon fry 31 .6 3 8 . 7 1 .3717 0 . 8 3 9 6 - 2 . 1 4 3 6 

sa lmon pan- 4 2 . 4 2 3 . 8 0 . 9 7 4 8 0 . 6 0 3 7 - 1 . 6 1 1 5 

W I T H I N - R I V E R S (n=9) 

trout fry 4 8 . 2 6 .8 1 .3611 0 . 7 6 6 2 - 1 . 8 2 0 2 

trout pan- 4 2 . 3 1 3 . 0 1 .1002 0 . 2 5 3 3 - 3 . 0 2 4 3 

sa lmon fry 2 7 . 5 4 . 2 1 .4352 0 . 6 6 7 4 - 2 . 4 6 4 0 

sa lmon parr 2 1 . 8 13 .9 1 .1153 0 . 4 6 1 5 - 1 . 6 7 6 0 

W I T H I N - A R E A S (n=3) 

trout fry 5 2 . 7 1.8 1 .4905 0 . 9 9 2 2 - 1 . 8 6 7 6 

trout parr 58 .1 11 .1 1 .1573 0 . 9 3 1 7 - 1 . 5 5 3 2 

sa lmon fry 53 .2 3 .4 2 . 1 6 1 6 1 . 7 9 9 4 - 2 . 5 3 7 0 

sa lmon pan- 4 0 . 2 10 .8 1 .5365 1 . 0 2 1 9 - 2 . 1 1 0 0 

W I T H I N - R E G I O N (n=1) 

trout fry 6 4 . 8 1.0 1 .9691 -
trout parr 6 0 . 6 9 .0 1 .3339 -
sa lmon fry 55 .8 0.7 2 . 1 2 2 4 -
sa lmon parr 4 2 . 0 7 .4 1 .3720 

n = numbers of replicates at each scale, e g . 5 tributaries, 3 a reas . 

sca le . S t r e a m f l ow has b e e n s u g g e s t e d as the l ike ly d o m i n a n t fac to r o p e r a t i n g o n t h e 
Conwy, poss ib ly t h rough ef fects on local recru i tment var ia t ion ( M I L N E R etal., 1993). W i th in 
r i ve rs , a r e a s a n d at r é g i o n a l l e ve l , s y n c h r o n y e x h i b i t e d a p r o g r e s s i v e r é d u c t i o n w i t h 
increas ing sca le , s u c h that < 1 0 % of overa l l va r i ance at rég iona l level w a s exp la ined by 
tempora l fac tors . S u c h factors m a y represent c l imat ic va r ia t ion ac t ing at t hèse sca les. 

S y n c h r o n y w a s m o r e p r o n o u n c e d in parr t h a n f ry (F ig . 4) at river, a rea a n d rég iona l 
levels , poss ib l y i nd ica t ing a r e s p o n s e to c o m m o n c l imat i c f ac to rs i n f l uenc ing surv iva l a f te r 
the f i rst s u m m e r of l i fe . T h e reve rsa i of th is p a t t e r n a t t h e w i t h i n - t r i bu ta ry leve l in t h e 
C o n w y m a y be ind ica t ive of t r ibu tary-spec i f ic fac to rs , e .g . f low, w h i c h dom ina te the con t ro l 
of e g g dépos i t i on o r f i rst year surv iva l but w h i c h h a v e less effect o n surv iva l or m o v e m e n t s 
of o l de r f i s h . C h a n g e in a b u n d a n c e t h r o u g h d e n s i t y - d e p e n d e n t mor ta l i t y , p robab l y t h e 
m o s t i m p o r t a n t b i o l o g i c a l p r o c e s s i n f l u e n c i n g f i r s t y e a r n u m b e r s in m a n y s i tes ( e . g . 
ELLIOTT, 1987) , w o u l d norma l l y be e x p r e s s e d w i th in t h e s i te -year in teract ion c o m p o n e n t 
of tota l va r i ance . 
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F i g u r e 4 : V a r i a n c e t e m p o r e l l e d e s dens i tés de popu la t ion d e t ru i tes et s a u m o n s e n 
f o n c t i o n d e la r é p a r t i t i o n g é o g r a p h i q u e . L e s v a r i a n c e s m o y e n n e s d e s 
a lev ins et d e s p a r r s s o n t ind iquées r e s p e c t i v e m e n t par d e s t ra i ts p le ins 
e t g r i s é s . 

F i g u r e 4 : C h a n g e in t e m p o r a l v a r i a n c e in trout a n d s a l m o n popu la t ion dens i ty with 
g e o g r a p h i c a l s c a l e . M e a n var iances for fry and parr are s h o w n by sol id 
a n d s h a d e d bars respect ive ly . 

V, 

Tributary River Area Région 
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T h e s p a t i a l c o m p o n e n t of v a r i a n c e (Vg) fo r t r o u t d e c r e a s e d p r o g r e s s i v e l y f r o m 
rég iona l to wi th in- t r ibutary levels . Th is is to b e e x p e c t e d as the s c o p e for spat ia l fac tors to 
ope ra te wi l l d e c r e a s e as s i tes b e c o m e m o r e h o m o g e n e o u s , espec ia l l y w h e n m o v i n g to 
w i th in - t r i bu ta ry l eve l w h e r e t h e f luv ia l a n d g e o m o r p h o l o g i c a l p r o c e s s e s g o v e r n i n g loca l 
habi ta t are c o m m o n to mos t s i tes. 

S p a t i a l f a c t o r s a r e t h o s e a s s o c i a t e d w i t h t h e l o c a t i o n of s i t e s a n d t h e i r 
phys i og raph i c a n d e n v i r o n m e n t fea tu res o n b o t h loca l a n d c a t c h m e n t sca les . S u c h factors 
r e p r e s e n t t h e i n d e p e n d e n t v a r i a b l e s t yp i ca l l y u s e d in hab i ta t m o d e l s ( F A U S C H et al., 
1988) . T h e po ten t ia l for exp la in ing or p red ic t ing s i te popu la t ion s ize is con t ro l l ed by the 
con t r i bu t i on of spa t ia l f ac to rs to tota l p o p u l a t i o n v a r i a n c e . At rég iona l level th is ranged 
f r o m 4 2 t o 6 5 % , a n d w a s o n l y s l i g h t i y l e s s , a t 4 6 t o 6 2 % , w i t h i n t h e C o n w y . T h i s 
rep resen ts the m a x i m u m that habi ta t m o d e l s cou ld eve r exp la in , for thèse da ta se ts . T h e 
H A B S C O R E m o d e l s w e r e exp la in ing 6 0 - 9 5 % (excep t s a l m o n parr) of th is spat ia l va r iance 
c o m p o n e n t (F ig .3) , équ i va len t to 38 -46 % of tota l v a r i a n c e . T h e fa i lu re wi th s a l m o n parr is 
u n e x p l a i n e d a t p r é s e n t a n d m a y i nd i ca te t h a t t he i r a b u n d a n c e is i n f l u e n c e d b y s o m e 
hab i ta t f ea tu re poor l y m e a s u r e d by the s u r v e y m e t h o d s . 

M a n y h a b i t a t m o d e l s d e v e l o p e d on d a t a s e t s r e s t r i c t e d to o n e y e a r ' s da ta a r e 
repo r ted to exp la i n > 7 5 % of t he va r i ance in f i sh a b u n d a n c e ( F A U S C H et al., 1988) , as 
es t ima ted by R^ va lues . Wi th in a s t ream at any o n e t i m e , local fea tures are demons t rab l y 
i m p o r t a n t ( e . g . L E W I S , 1 9 6 9 ; G O R D O N a n d M A C C R I M M O N , 1982 ; K E N N E D Y a n d 
S T R A N G E , 1 9 8 2 ) , b u t o v e r t i m e t h e y m a y e x p l a i n o n l y s m a l l p r o p o r t i o n s o f ove ra l l 
va r iance , par t i cu la r ly if r a n d o m factors k e e p the popu la t i on b e l o w leve ls w h e r e habi ta t is 
l imi t ing. T h u s , cau t ion shou ld be app l ied to m o d e l p e r f o r m a n c e e x p r e s s e d in th is w a y wh ich 
d is regards the t empo ra l variabi l i ty, s o m e of w h i c h wil l b e s y n c h r o n o u s and s o m e of wh ich 
wi l l b e c o n t a i n e d a s s i t e - yea r i n te rac t i on w i t h i n t h e e r ro r v a r i a n c e . S y n c h r o n y is m u c h 
s t r o n g e r w i t h i n t r i bu ta r i es t h a n at w h o l e c a t c h m e n t o r r ég iona l l eve l . Th i s suppo r t s t h e 
p r inc ip le tha t t r anspo r t ab l e hab i ta t m o d e l s s h o u l d b e b a s e d o n da ta f r om a d ivers i ty of 
s t r eam types , p re fe rab ly over a range of ma jo r c a t c h m e n t s . 
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