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R É S U M É ( t raduit par les édi teurs) 

L e t e x t e d é c r i t b r i è v e m e n t le d é v e l o p p e m e n t d e H A B S C O R E , u n e m é t h o d e 
d 'éva lua t ion de l 'habitat basée sur une sér ie d e m o d è l e s s ta t is t iques emp i r i ques qu i rel ient 
l ' a b o n d a n c e d e s s a l m o n i d é s a u x v a r i a b l e s d ' h a b i t a t o b s e r v é e s . D e s d o n n é e s sur l es 
po i ssons et l 'habitat d e 6 0 2 s i tes d e ré fé rence d u Rays d e Ga l les et d e G r a n d e - B r e t a g n e 
o n t é t é u t i l i s é e s p o u r d é v e l o p p e r d e s m o d è l e s d e p r é d i c t i o n d e s p o p u l a t i o n s d e 
s a l m o n i d é s . S u r c e s s i t e s , 1 3 0 v a r i a b l e s i n d é p e n d a n t e s o n t é t é r e l e v é e s à p a r t i r 
desque l l es 5 m o d è l e s de régress ion , p réd i san t la ta i l le d e s popu la t ions sa lmon ico les , o n t 
été p rodu i t s . C e s m o d è l e s [pour les s a u m o n s O-t-, > O-i-, les t ru i tes O-t-, > 0-H (< 2 0 cm) et 
> O-t- (> 2 0 cm) ] renden t c o m p t e d e 2 8 , 7 à 4 6 , 2 % d e la va r i ance to ta le d e s dens i tés d e 
popu la t ion o b s e n / é e s d a n s les d o n n é e s d e b a s e . U n e par t i t ion des v a r i a n c e s ind ique q u e 
les m o d è l e s p rennen t en c o m p t e 45 ,1 à 8 6 , 7 % de la va r ia t i on spa t ia le to ta le . L e r r e u r 
assoc iée aux m e s u r e s d e s var iab les d 'hab i ta t ne rep résen te que m o i n s d e 1,1 % d e la 
va r i ance to ta le d a n s les 5 m o d è l e s . La qua l i té d e ces m o d è l e s est b r i èvemen t d iscu tée . 
Les sor t ies des m o d è l e s et les app l i ca t ions po ten t ie l les d e H A B S C O R E son t décr i tes . 

Mots -c lés : habi ta t , ges t ion de la p ê c h e , modè le , p réd ic t ion , sa lmon idés . 

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

S U M M A R Y 

T h e pape r br ie f ly d e s c r i b e s the d e v e l o p m e n t of H A B S C O R E , a s a l m o n i d hab i ta t 
a s s e s s m e n t t e c h n i q u e b a s e d o n a s é r i e s of e m p i r i c a l s ta t i s t i ca l m o d e l s w h i c h re la te 
s a l m o n i d a b u n d a n c e t o o b s e r v e d habi ta t va r iab les . 

F isher ies a n d habi tat da ta for 6 0 2 not iona l ly pr is t ine s i tes th roughou t Eng land a n d 
Wa les w e r e used in the deve lopmen t of sa lmon id popu la t ion préd ic t ion mode ls . Thèse s i tes 
p rov ided a total of 130 independen t var iab les f r o m wh ich f ive régress ion mode ls , predic t ing 
sa lmon id popu la t ion s ize, w e r e p r o d u c e d . T h è s e m o d e l s (for 0* s a l m o n , >0* s a l m o n , 0* 
t rout , >0-^ [ < 2 0 c m ] t rout and > 0 * [>20cm] t rout ) exp la ined be tween 28 .7 % and 46.2 % of 
the tota l va r iance in popu la t ion dens i t ies o b s e r v e d in the raw da ta . 

Par t i t ion ing of the va r iances wi th in the raw da ta sugges ted tha t t he m o d e l s account 
for b e t w e e n 45 .1 % a n d 8 6 . 7 % of t h e t o ta l spa t ia l va r i a t i on . Er ro r a s s o c i a t e d with t h e 
m e a s u r e m e n t of t he habi tat va r iab les used a c c o u n t e d for <1.1 % of t he tota l var iance in the 
f ive mode ls . 

T h e qual i ty of t he mode l s is br ief ly d i s c u s s e d . T h e outputs of the m o d e l s , and the 
potent ia l m a n a g e m e n t app l ica t ions of H A B S C O R E , a re desc r i bed . 

K e y - w o r d s : habi tat , f i shery m a n a g e m e n t , m o d e l , p réd ic t ion , sa lmon ids . 
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I N T R O D U C T I O N 

T h e éva luat ion of s t ream habi ta ts in te rms of their suitabi l i ty for di f férent spéci f ie f ish 
spec ies is a pract ice wh i ch can be t raced back s o m e 30 years (for examp le , M C F A D D E N 
a n d C O O P E R , 1962) . F i s h e r i e s sc ien t i s ts h a v e p r o d u c e d a vas t a r ray of m u l t i v a r i a t e 
m o d e l s d e s i g n e d to pred ic t s tand ing crops of s t ream fish (in te rms of number or b iomass 
p e r un i t l e n g t h or a r e a ) f r o m m e a s u r a b l e cha rac te r i s t i c s of t he s t r e a m a n d c a t c h m e n t 
e n v i r o n m e n t . Such m o d e l s cover a var ie ty of w a r m - and co ld-water f isher ies a n d refer to 
bo th s a l m o n i d and non -sa lmon id f ish species. 

T h e p o t e n t i a l a p p l i c a t i o n s o f f i s h e r i e s h a b i t a t m o d e l s f a l l i n t o t h e a r e a s of 
e n h a n c e m e n t , conserva t ion a n d impac t assessmen t (M ILNER et al., 1985). The i r potent ia l 
h a s b e e n d e m o n s t r a t e d by t h e r o u t i n e use of t h e s a l m o n i d f i she ry m a n a g e m e n t too l 
H A B S C O R E ( M I L N E R et al., 1985 ; NRA, 1991) . Th is is a System wh ich (in its or ig ina l 
f o r m ) fac i l i ta ted the éva lua t ion of sa lmon id s t ream habi tat in up land s t reams in W a l e s . It is 
cu r ren t l y u s e d opera t iona l l y by f i she r ies sc ient is ts in the W e l s h Rég ion of t h e Nat iona l 
R ivers Au tho r i t y (NRA) , ( W I N S T O N E , 1993). 

D e v e l o p m e n t o f t h e H A B S C O R E s y s t e m 

T h e H A B S C O R E System h a s r e c e n t l y b e e n r e - d e v e l o p e d t o i n c r e a s e t h e 
g e o g r a p h i c a l range of its potent ia l appl icat ion. A new set of empir ica l mode ls , wh i ch fo rm 
t h e b a s i s of t he latest ve rs ion of H A B S C O R E , h a v e b e e n der ived f rom a specia l ly comp i l ed 
da ta -se t c o v e r i n g si tes th roughou t Eng land and Wa les . 

A s w i th t he or ig ina l H A B S C O R E , thèse m o d e l s permi t the préd ic t ion of sa lmon id 
a b u n d a n c e f r o m in format ion on in -s t ream and r ipar ian habitat features a long w i th var iab les 
re la t ing t o la rge-sca le ca t chmen t fea tu res . Assoc ia ted compu te r sof tware, wh i ch enab les 
t h e m o d e l s to be used t o predic t the expected sa lmon id popu la t ion densi t ies at new si tes, 
has b e e n p r o d u c e d for rout ine use by f isher ies sc ient is ts and m a n a g e r s t h r o u g h o u t the 
N R A . 

A n i m p o r t a n t f e a t u r e of t h e H A B S C O R E s y s t e m is t ha t t h e m o d e l s h a v e b e e n 
d e v e l o p e d us ing data f rom not ional ly pr ist ine s i tes (si tes whe re it is be l ieved tha t there are 
no ar t i f ic ia l const ra in ts to the popu la t ion and where recru i tment is not l imit ing). T h e der ived 
m o d e l s e f fec t ive ly pred ic t t he dens i ty of sa lmonids tha t w o u l d b e expec ted unde r s imi lar 
c i r c u m s t a n c e s . The re fo re , p réd ic t ions f rom H A B S C O R E for new sites can be used as a 
s t a n d a r d / t a r g e t aga ins t w h i c h o b s e r v e d f ish popu la t i ons can b e c o m p a r e d ; dév ia t i ons 
b e i n g a t t r i bu tab le to w a t e r qual i ty impac ts or l imitat ions to recru i tment . 

T h i s p a p e r brief ly desc r ibes : 

• t h e na tu re of t he habi ta t in fo rmat ion wh ich has been co l la ted for the d e v e l o p m e n t of 
t h e H A B S C O R E System ; 

• t h e resu l ts of t he mode l l ing exerc ises under taken on the nat ional da tabase ; 
• t h e potent ia l uses of the résul tant models . 

M E T H O D S 

T h e fea tu res of the da ta w h i c h underly t h e deve lopmen t of empir ica l mode l s have 
b e e n a s s e s s e d ( F A U S C H , 1988 ; B A R N A R D , 1992) a n d th rough s u c h s tud ies it has b e e n 
s u g g e s t e d t h a t g o o d qua l i t y m o d e l s a re usual ly d e v e l o p e d f r om large d a t a - s e t s w h i c h 
inc lude a w i d e range of pred ic tor ( i .e. independent ) var iab le types . W h e n app l ied to da ta 
f r o m n e w s i tes , m o d e l s pe r fo rm bet ter if t he gênera i nature of such si tes is s imi lar t o tha t of 
t h o s e u s e d in t h e m o d e l ' s d e v e l o p m e n t . T h e r e f o r e , t o e n s u r e a p o t e n t i a l l y w i d e 
appl icab i l i ty , m o d e l s shou ld be d e v e l o p e d from da ta cover ing a w ide range of r iver t ypes 
(e .g . s i tes o n a m a n y d i f férent ca t chmen ts , spread over a w ide géograph ie sca le) . 

S i t e s s e l e c t e d f o r u s e in t h e d e v e l o p m e n t of t he H A B S C O R E w e r e s c r e e n e d , 
e f f e c t i v e l y r e m o v i n g f r o m the d a t a b a s e those s i t es k n o w n to b e sub jec t to iden t i f i ab le 
e n v i r o n m e n t a l impac ts . Data were co l lec ted over a two year per iod (1992/3 a n d 1993/4) 
f r o m a to ta l of 6 0 2 si tes th roughou t Eng land and Wa les . 
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Figure 1 : Répart i t ion g é o g r a p h i q u e d e s s i tes d 'é tude . 

F igure 1 : G e o g r a p h i c a l d ist r ibut ion of s u r v e y s i tes . 

T h e geograph ica l d is t r ibut ion of t hèse si tes is s h o w n in F igure 1 . In gêne ra i , all da ta 
w e r e co l lec ted dur ing the s u m m e r mon ths . In an a t tempt to accoun t for any potent ia l ef fects 
tha t the da te of samp l i ng m a y have h a d , the s a m p l i n g day n u m b e r w a s i nc luded as a n 
i ndependen t var iab le in the mode l l ing exe rc i ses . 
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F o r e a c h s i te , fu l l y q u a n t i t a t i v e es t imâ tes of the s a l m o n i d p o p u l a t i o n s ize w e r e 
d e r i v e d f r o m the r e s u l t s of r e p e a t e d e lec t r i c f i s h i n g b e t w e e n f i xed s top n e t s . T h è s e 
p o p u l a t i o n e s t i m â t e s w e r e o b t a i n e d using t h e M a x i m u m W e i g h t e d L i k e l i h o o d m e t h o d 
( C A R L E a n d S T R U B , 1978) . M a n y of the sites had low numbers of f ish présent , and we re 
s u r v e y e d u s i n g a l o w n u m b e r o f r e m o v a l s . A s t h i s i n v a l i d a t e d t h e l a r g e s a m p l e 
r e q u i r e m e n t s of a v a i l a b l e v a r i a n c e e s t i m a t o r s , v a r i a n c e s of r e m o v a l e s t i m â t e s w e r e 
o b t a i n e d by s imula t ion techn iques . 

T h e a s s e s s m e n t of i n - s t ream a n d r ipar ian habi ta t f ea tu res at e a c h s i te ( typ ica l ly 
b e t w e e n 25 a n d 50 m in length) w a s carr ied out by means of a s tandard ised f ield sun /ey 
t e c h n i q u e . G r o s s r ipar ian fea tu res w e r e recorded for the s i te as a who le , wh i is t fo r t he 
de ta i l ed in -s t ream habi ta t a s s e s s m e n t (recording the abundance of : végé ta t ion ; d i f férent 
c a t é g o r i e s of subs t ra te and f low ; a n d potent ial sources of cover) the site w a s subd iv ided 
in to a sé r ies of 10 m sec t ions . A b u n d a n c e es t imâ tes for the indiv idual sec t ions ( recorded 
a s p e r c e n t a g e va lues ) w e r e s u b s e q u e n t l y w e i g h t e d by s e c t i o n a rea a n d c o m b i n e d to 
p rov ide a n es t imate of the overal l percentage a b u n d a n c e for the si te. 

In add i t i on to in -s t ream and r ipar ian habitat features, a sér ies of ca t chmen t fea tu res 
w e r e a l s o r e c o r d e d - t h e m a j o r i t y of i n f o r m a t i o n be ing o b t a i n e d f r o m 1 :50 ,000 s c a l e 
O r d n a n c e S u r v e y m a p s . Initially a to ta l of 40 i ndépendan t var iab les were recorded for e a c h 
s i te (Table I). 

T h e set of i ndependen t var iab les used in the subséquen t model l ing exerc ises a lso 
i nc luded an addi t ional sé lec t ion of 'der ived ' va r iab les , based on the joint occu rence of two 
or m o r e hab i ta t var iab les m e a s u r e d at the site. A tota l of 90 such var iab les , ( comb ina t ions 
of t he v a r i o u s ca tégor ies of subs t ra te , f low and cover) were der ived by t reat ing pe rcen tage 
e s t i m â t e s of a b u n d a n c e as probabi l i t ies of occu r rence , and assum ing that subs t ra te , f low 
a n d c o v e r t y p e s were i ndependen t of each other. T h e y inc luded, for examp le , es t imâtes of 
t he a b u n d a n c e of cobb le subs t ra te overlain b y sha l low turbu lent /b roken wa te r and of t he 
a r e a of g rave l subst ra te over la in w i th turbu lent /broken water. 

M o d e l s w e r e d e r i v e d for f i ve ca tégo r i es of s a l m o n i d : 0+ s a l m o n ; >0^ s a l m o n ; 
0* t rou t ; > 0 * trout [ < 2 0 c m ] ; and > 0 * trout [ > 2 0 c m ] . Each of thèse mode ls a s s u m e d log-
n o r m a l e r r o r d i s t r i b u t i o n s . A c c o r d i n g l y , the d é p e n d e n t v a r i a b l e w a s l o g g e d , w i t h z é r o 
v a l u e s ( i .e. observa t ions wi th no f ish) be ing ommi t t ed f rom the analys is . 

T h e cor rec t w a y to dea l w i th zéro es t imâtes wou ld have been to ut i l ise a Gene ra l 
L inea r M o d e l , wi th severa l c o m p o n e n t s of va r iance . However , th is techn ique is relat ively 
n e w (e .g . M C C U L L A G H and N E L D E R , 1989) and w a s feit to be beyond the scope of the 
s tudy . O n e a p p r o x i m a t e m e t h o d w h i c h is s o m e t i m e s used w i th l og -mode l s is to a d d a 
c o n s t a n t (usua l l y one) to every observa t ion . However , a zé ro es t imate of f i sh m a y ar ise 
t h r o u g h s a m p l i n g error at a low dens i ty (i.e. in cond i t ions of poor habitat) or at a t rue zéro 
dens i t y ( i .e. in cond i t ions of very poor habitat). To treat thèse two s i tuat ions as the s a m e 
c o u l d b i as t h e mode l . Zé ros we re there fo re omi t ted f rom the analys is . Th is had the effect of 
i m p r o v i n g t h e f i t of t he m o d e l o v e r t he range of hab i ta ts w h e r e f ish o c c u r r e d , a n d ye t 
e n a b l e d zé ro observa t ions to be cor rec t iy predicted in sub-opt ima l habitat. 

To a c c o u n t fo r t h e fac t tha t t h e m e a s u r e m e n t error a s s o c i a t e d w i th t h e r e m o v a l 
m e t h o d m a y v a r y c o n s i d e r a b l y b e t w e e n o b s e r v a t i o n s , a n d t h a t r e l i a b l e p o p u l a t i o n 
e s t i m â t e s de r i ved f r om g o o d da ta shou ld receive grea ter we igh t in the régress ion ana lys is , 
t he I téra t ive We igh ted Least Squa res (IWLS) t echn ique ( R O C O C K etal., 1981) w a s used 
to dé r i ve appropr ia te we igh t ings for e a c h data point . Mode ls w e r e der ived by us ing fonward 
s t e p w i s e régress ion of popu la t ion da ta on habitat var iab les , us ing the IWLS me thodo logy to 
re f ine t h e we igh t i ngs app l ied du r i ng the régress ion ca lcu la t ions . Unaccep tab le var iab les 
w e r e r e m o v e d f r om m o d e l s in t h e o rde r in w h i c h they w e r e se lec ted by t h e s t e p w i s e 
p r o c é d u r e , a n d the s tepw ise p rocédu re repeated until a sat is factory mode l w a s ob ta ined . 
M o d e l s mod i f i ed in th is w a y inc luded those that con ta ined var iab les wh ich : 

• h a d p o o r residual p lots ; 
• w e r e expens i ve or diff icult to measure ; 
• w e r e diff icult to interpret . 
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General (recorded for whole site): 
percentage of water surface shaded by riparian végétation 
degree of substrate embededness 
site accessibility for salmon and migratory trout 

Recorded in détail for consécutive 10 m sections: 
width (at section boundaries) 
depth profile at section boundaries 
% abundance of différent substrate classes: 

• bedrock/artificial; 
• boulders (>25.6cm); 
• cobbles (6.4 - 25.6cm); 
• gravel/coarse sand (0.2 - 6.4cm); 
• fine sand/silt (<0.2cm); 
• compactée clay. 

% abundance of différent flow classes: 
• cascade/torrential; 
• glide/run (deep); 
• glide/run (stiallow); 
• turbulent̂ roken (deep); 
• turbulent/broken (shallow); 
• slack (deep); 
• slack (shallow). 

% abundance of instream végétation not providing cover: 
• submerged macrophyies; 
• émergent macrophytes; 
• moss. 

% abundance of végétative cover for fish 
• >10cm 
• >20cm 

% abundance of non-vegetative instream cover ('submerged overhang'): 
• bedrock, boulders & cottbles; 
• tree root Systems; 
• branches and logs; 
• undercut banks; 
• 'other' non végétative. 

& cover from overfiang within 0.5 m of the water surface 
General catchment features: 

distance from tidal limit 
stream order 
link number 
link number of stream downstream of next confluence 
site altitude 
site gradient 
stream flow 
catchment area 
mean conductivity 
area of lakes and réservoirs within catchment 
catchment gradient. 

Tab leau I : V a r i a b l e s r e l e v é e s s u r c h a q u e s i t e ( n ' i n c l u a n t p a s l e s v a r i a b l e s 
"dér ivées" - voir tex te ) . 

Tab le I : Var iab les r e c o r d e d for e a c h s i te ( d o e s not inc lude ' d e r i v e d ' var iab les -
see text ) . 
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Parameter Trout 0+ Trout <20cm Trout >20cm Salmon 0+ Salmon >0+ 
n (number of sites) 520 554 282 178 202 

p (number oT ind.variables) 12 19 11 14 6 
r*>dj(%) 46.2% 42.9% 44.6% 40.9% 28.7% 

Sources of variance: 

Spatial (explained) 46.2% 42.9% 44.6% 40.9% 28.7 % 
Spatial (unexpiained) 27.0% 36.1 % - 17.6% 30.2% 

Interaction 26.3 % 20.6% - 40.7% 40.4 % 
Measurement 0.4 % 0.4 % 1.1 % 0.8% 0.7% 

%Fit 63.1 % 54.3 % 69.9% 48.7% 

N.B. : % Fit represents the percentage of the spatial component successfully accounted for 
by the model (see text for détails). 

O n c e a mode l w a s o b t a i n e d where a l l va r iab les we re accep tab le , va r iab les w e r e 
r e m o v e d (star t ing w i th those se lec ted first by the s tepw ise procédure) to see if any mode ls 
w i th a be t te r fit cou ld be ob ta ined . 

E a r l i e r w o r k ( M I L N E R et al., 1 9 9 3 ) d e m o n s t r a t e d t h e n e e d t o e x a m i n e t h e 
con t r i bu t i ons m a d e by the di f férent potential sou rces of var ia t ion to the overal l var iabl i ty of 
t he da ta -se t . Techn iques were dev i sed to effect ively 'part i t ion' the var iance in a data-set to 
a l l ow t h e t rue var ia t ion due to spat ia l factors to be de r i ved (see, for examp le , M I L N E R et 
al., 1993) . In gênera i te rms , t he spat ia l var iance c o m p o n e n t is all that can be hoped to be 
a c c o u n t e d for by habi ta t mode ls . Var iance par t i t ion ing w a s appl ied to the mode ls der i ved in 
t h e cu r ren t s t u d y Th is enab led the qual i ty of the mode l s to be exp ressed not only in t e rms 
of t h e a m o u n t of the overa l l var ia t ion accoun ted for ( i .e. the r̂  va lue of the model ) , but a lso 
in t e r m s of the i r success in exp la in ing the spat ial c o m p o n e n t of the obse rved var ia t ion. Th is 
l a t te r s t a t i s t i c p r o v i d e d a fa r m o r e rea l is t ic m e a s u r e of the s u c c e s s of t he m o d e l l i n g 
exe rc i se , as it ind icated the pe rcen tage of the var ia t ion wh ich cou ld be exp la ined by spat ia l 
f ac to rs a l one that t he mode l had successful ly accoun ted for. 

It w a s or ig inal ly in tended to p roduce a set of prédic t ive équat ions , and not to assess 
t h e n a t u r e of t hose i ndependen t var iab les f o u n d to be s ign i f icant in the mode ls de r i ved 
du r i ng the d e v e l o p m e n t of H A B S C O R E . It w a s also not in tended to dé te rmine the fo rm of 
a n y po ten t i a l causa t i ve re la t i onsh ips which m a y b e in év i dence . W h e n in te rpre t ing the 
m o d e l s d e r i v e d f r o m th is w o r k , s ign i f icant hab i ta t va r i ab les c a n n o t be a s s u m e d to be 
h a v i n g c a u s a t i v e e f fec ts on s a l m o n i d dens i ty ; t h e con t r ibu t ion of e a c h va r iab le to the 
overa l l p réd ic t ion is only re levant in the context of all o ther var iables in the équa t ion . Note 
tha t , a s the mode l s wh ich w e r e der i ved were in tended for use as prédict ive too ls , s o m e 
i n d e p e n d e n t v a r i a b l e s w e r e a l l o w e d to rema in in t h e m o d e l s desp i t e not b e i n g b e i n g 
s ign i f i can t at t h e 0.05 level . 

R E S U L T S 

A brief s u m m a r y of stat ist ics relat ing to the f ive mode ls is g iven in Table II, a long w i th 
the resu l ts of t he va r iance par t i t ion ing exerc ises wh i ch were under taken on the data . T h e 
va lue for t he spat ia l c o m p o n e n t of var iance is g iven , a long wi th the cont r ibut ion m a d e by 
r a n d o m var ia t ion th rough t ime ( represented by the ' in teract ion ' term) . 

T a b l e a u II : Qua l i té d e s m o d è l e s . 

Tab le II : Mode l qual i ty. 
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T h e independen t var iab les used in the f inal mode ls are l isted in Table II I , a l o n g with 
the t rans fo rmat ion app l ied (were app l i cab le ) . In add i t ion , the s ign (posi t ive or négat ive) and 
s ign i f i cance of the régress ion coef f ic ient for e a c h var iab le in each mode l a re g i ven . 

Tab leau III 

Tab le III 

Var iab les u t i l i sées d a n s les m o d è l e s , a v e c m e n t i o n d u s i g n e e t de la 
s igni f icat ion d e s coef f ic ients d e régress ion . 

V a r i a b l e s u s e d in N a t i o n a l m o d e l s , w i t h s i g n a n d s i g n i f i c a n c e o f 
régress ion coef f ic ients . 

Variable and transformation applied 

Model subject: 

Variable and transformation applied 

Trout Salmon 

Variable and transformation applied 0+ <20cm >20cm 0+ >0+ 
Constant X ( - )**• (-) (-) * * * (-)ns (-) * " 

Date fished X ( - ) • 
Cross sectional area log.x (-) (-) (-) (-) 

Mean depth log.x {+) " * 
Standard déviation of depth measurements (+)** 

Mean width lo&,x (-)ns 
Deep water (>10% of mean width) Vx ( + ) * 

Access X (+) (+) " * (-) * * • 
Stream position within catchment X (+ ) * • * 

Coefficient of variation of depth measurements log.x (+ ) * 
Conductivity l O g e X (-) * ** (-) * * (+) * * * (-) * * • (-) " * 

Deciduous shading X (-)ns 
Distance from principal source log.x (+ ) * 

Stream position within catchment X (+)ns 
Site altitude X (.)... (+) " * 

Catchment gradient (1085 slope) Vx (+ ) * 
Gradient of river between site and tidal limit log. X (+) ns 

Cover from overhang above the water surface log.(x+l) (+ ) • 
Degree of substrate embededness X (-)** (-)ns ( - ) • • 

Instream cover from roots and logs Vx (+) " 
Total instream cover for a >10cm fish Vx (+) *** 

Link number of reach log. X (+) * * (+) *** (+) *** (+) " 
Link number of next downstream reach log. X (+) * * 

Surface area to volume ratio Vx (-)* (-) * ** 
Substrate diversity X (+ ) * ( - )*** 

Cobble substrate X ( - ) • • * 
Cobble and/or gravel substrate X (+) * • 

Cascade log.(x+l) ( + ) * * ( + ) * * • 
Boulder substrate with smooth flowing water Vx ( + ) " 
Boulder substrate with shallow flowing water Vx (+)• 

Boulder substrate with deep, smooth flowing water Vx (+) * * * 
Cobble substrate wiih shallow flowing water Vx (-) (+) " * 
Cobble substrate with smooth flowing water Vx (+) 

Cobble substrate with turbulent flowing water Vx ( - )* 
Cobble substrate with shallow, smooth flowing water Vx (-) " * (+ ) • 

Cobble substraie with shallow, turbulent flowing Vx ( - ) • (-) * * • 
water 

Gravel substrate with smooth flowing water Vx ( + ) * * * 

Gravel substfate with shallow, smooth flowing water Vx (-)* 
Gravel substrate with deep, smooth flowing water Vx (+ ) * • * 

Gravel substrate with deep, turbulent flowing water Vx ( - ) " 
Sand subsu^te with turbulent flowing water Vx (+) *** 

ns:P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001 
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D I S C U S S I O N 

M o d e l qual i ty 

T h e c o e f f i c i e n t s v a r y a c r o s s the m o d e l s d e v e l o p e d for t he f ive c a t é g o r i e s of 
s a l m o n i d w h i c h we re cons ide red . In gênerai t e rms , the mode ls for sa lmon are poorer ( i .e. 
h a v e l owe r r̂  coef f ic ients) t han t hose for t rout, sugges t ing that habi tat var iab les are less 
ab le to a c c o u n t for t he d is t r ibut ion of sa lmon than they are for t rout . 

It is in terest ing to note that t he the r̂  coef f ic ients for both sa lmon mode ls f rom the 
ear l ie r v e r s i o n of H A B C S O R E (48 .3 % for 0* s a l m o n and 26 .2 % for >0* sa lmon) w e r e 
s imi la r to t h e r̂  va lues for the m o d e l s detai led in th is paper (Table II). This sugges ts that 
t h e r e is no d e c r e a s e in the abi l i ty of hab i ta t -based empi r i ca l mode l s to accoun t for t he 
spa t ia l var iab i l i t y of t h e s a l m o n popu la t ions w h e n m o v i n g f rom a régional to a na t iona l 
sca le . 

In cont ras t to th is , the mode l s for trout p roduced f rom the ful l nat ional da ta-se t have 
a r e d u c e d p réd i c t i ve p o w e r c o m p a r e d to t h e o r i g ina l W e l s h m o d e l s . Va lues fo r t h e r̂  
coe f f i c i en t fo r 0* a n d >0^ t rou t fo r t he or ig inal W e l s h m o d e l s we re 72 .3 % and 66 .2 % 
respect ive ly , c o m p a r e d to r̂  va lues in the range 4 3 - 4 6 % (see Table II). It is l ikely that this is 
a resu i t of t h e inc lus ion of a w i d e r range of hab i ta t t y p e s na t iona l da ta -se t (e .g . cha l k 
s t r e a m s a n d o ther l ow land t rout f isher ies) c o m p a r e d to the relat ively restr ic ted range of 
u p l a n d s t r e a m s used to dér ive the or ig ina l Welsh mode ls . 

T h e va r iance par t i t ion ing exerc ise which w a s app l ied to the Nat ional da ta-se t (see 
Tab le II) p rov ides an ind ica t ion of the likely l imit to the qua l i ty of any empi r i ca l m o d e l s 
de r i ved f r o m spat ia l ( i .e. habi tat) da ta . For 0+ t rout , 46 .2 % of the overal l var iabi l i ty of t he 
d a t a w a s success fu l l y exp la ined by the mode l . However , the spat ia l va r iance c o m p o n e n t 
r e p r e s e n t e d on ly 7 3 . 2 % of t h e to ta l va r iab i l i t y of t he d a t a , a v a l u e w h i c h e f f ec t i ve l y 
r e p r e s e n t s t h e m a x i m u m r̂  va l ue tha t cou ld be h o p e d to be ach ieved by us ing spat ia l 
m o d e l s . Consequen t l y , the mode l c a n be said to have a success of 63.1 % ( i .e. 46 .2 as a 
p e r c e n t a g e of the m a x i m u m a t t a i n a b l e , 73.2) - a s ta t is t ic w h i c h is t e r m e d the % F i t in 
Tab le I I . Unfor tunate ly , because of the lack of h istor ical da ta w i th wh ich to ascer ta in the 
con t r i bu t i on of t empora l fac to rs to the overall var iabi l i ty of the da ta , it has not been poss ib le 
to a p p l y the va r iance par t i t ion ing exerc ise to the da ta for t rout > 2 0 c m . The va lues for the 
to ta l spa t ia l c o m p o n e n t of var iabi l i ty for each of the mode ls ( i .e. the s u m s of the 'Spat ia l 
[ exp la ined ] ' a n d the 'Spat ia l [unexp ia ined] ' te rms for each of t he mode ls in Table II) cover 
t h e r a n g e 5 8 . 9 % ( > 0 * s a l m o n ) t o 7 9 . 0 % ( > 0 * t r o u t < 2 0 c m ) . It is t h è s e v a l u e s t h a t 
d e m a r c a t e t h e p robab le l imits of success of habi ta t mode ls of th is type. 

T h e fact that t he m e a s u r e m e n t error componen t of the overa l l var iance is low in all of 
t he m o d e l s (Table II) impl ies that t he random error in the f ish popu la t ion es t imâtes wh ich 
w e r e u s e d w a s l o w , a t l e a s t in r e l a t i o n t o t h e r a n d o m e r r o r s a s s o c i a t e d w i t h t h e 
m e a s u r e m e n t of habi ta t var iab les . 

A s has a i ready b e e n s ta ted , it w a s not i n tended to d iscuss the nature of the var iab les 
w h i c h w e r e f o u n d t o b e s igni f icant in the models der ived in the course of the deve lopmen t 
of H A B S C O R E . However , to permi t compar i son w i th o ther mode ls , the var iab les used a re 
l is ted in Tab le II I . In add i t ion to the na ture of e a c h var iab le , the s ign and s ign i f icance of the 
a s s o c i a t e d régress ion coef f ic ient a re g iven . 

M o d e l ou tpu ts 

A sér ies of macro -d r i ven sp readshee t p rog rams have been p roduced wh ich wil l a l low 
si te hab i ta t a n d ca t chmen t fea tu res to be en te red , and wh ich will exécute the mode ls in 
o rde r to dé r i ve the e x p e c t e d popu la t ion densi t ies for the s i te. 

T h e e x p e c t e d dens i t y of f i sh of a given spec ies a n d age /s i ze g roup ing at a s i te is 
t e r m e d t h e Hab i ta t Qua l i t y S c o r e ( H O S ) . The H Q S is e f fec t ive ly a m e a s u r e of the hab i ta t 
q u a l i t y in t e r m s of t h e s a l m o n i d d e n s i t y e x p e c t e d u n d e r c l e a n w a t e r c o n d i t i o n s . In 
a d d i t i o n , c o n f i d e n c e l im i t s f o r t h e H Q S c a n b e d e r i v e d , a n d t h è s e a re p r o v i d e d by 
s p r e a d s h e e t p r o g r a m s . 
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No te tha t , wh i is t the m o d e l is c a p a b l e of p red ic t i ng H Q S v a l u e s for s i tes w h o s e 
na tu re is d i f férent to t hose used to d e v e l o p the m o d e l s ( i .e . t he m o d e l c a n be used to 
e x t r a p o l a t e t o b e y o n d t h e r a n g e of t h e i n d e p e n d e n t v a r i a b l e s u s e d in t h e o r i g i n a l 
rég ress ion ana lyses ) , resu l ts o b t a i n e d f r om s u c h use wou ld need to be in te rp re ted wi th 
ca re . T h e sof tware wh i ch runs the mode l s h ighi ights those habi tat fea tu res of a new si te 
w h i c h m a k e it a typical of t he set of s i tes or ig inal ly e m p l o y e d in mode l cons t ruc t ion ; it is the 
responsib i l i ty of the potent ia l user to assess the impl icat ions of such ex t rapo la t ion(s) and 
interpret the results as appropr ia te . 

C o m p a r i s o n of the H Q S va lues wi th actua l obse rved va lues a re m a d e th rough the 
u s e of t h e H a b i t a t U t i l i s a t i o n I n d e x ( H U I ) . V a l u e s for t h e H U I a r e p r o v i d e d by t h e 
sp readshee t , and are ca lcu la ted as the rat io of the log va lue of the o b s e r v e d dens i t y to the 
log va lue of the H Q S . 

A HUI va lue of unity will t he re fo re ind icate that the o b s e r v e d popu la t ion is equal to 
t h e e x p e c t e d ( H Q S ) v a l u e . H U I v a l u e s of l ess t h a n o n e i n d i c a t e t ha t t h e s i t e is n o t 
pe r fo rm ing as wel l as s i tes of a s imi lar habi ta t t ype that were or ig inal ly used to deve lop the 
mode l s , whi ist HUI va lues in e x c e s s of one sugges t that the si te is behav ing bet ter than 
s i tes of a s imi lar habi tat t ype in the or ig ina l da ta -base . 

Appl ica t ions 

T h e m o d e l s w h i c h h a v e b e e n d e v e l o p e d h a v e s e v e r a l f i s h e r i e s m a n a g e m e n t 
app l ica t ions , inc lud ing : 

• the a s s e s s m e n t of f i shery p e r f o r m a n c e ; 
• env i ronmenta l impac t dé tec t ion ; 
• env i ronmenta l impac t a s s e s s m e n t ; 
• s t ream c lass i f icat ion ; 
• assessmeh t of f isher ies potent ia l . 

Fishery p e r f o r m a n c e 

T h e re la t ionsh ip b e t w e e n o b s e r v e d a n d expec ted popu la t i ons (as represen ted by 
the HUI va lue) p rov ides an ind icat ion of the d e g r e e to wh ich a s i te is cu r ren t l y at ta in ing its 
po ten t i a l , wh i is t t ak ing a c c o u n t of t h e ef fect of hab i ta t . A l t h o u g h t h e p e r f o r m a n c e of a 
s i n g l e s i te c a n be r e p o r t e d in th i s w a y , t he H U I is of g r e a t e r v a l u e w h e n c o m p a r i n g 
p e r f o r m a n c e b e t w e e n - s i t e s . A s t h e H U I e f fec t i ve ly a c c o u n t s fo r t h e e f fec ts of habi tat , 
d i rec t c o m p a r i s o n s of p e r f o r m a n c e c a n b e m a d e b e t w e e n s i t es , d e s p i t e any appa ren t 
d i f fé rences in habi ta t qual i ty. 

Env i ronmenta l impact d é t e c t i o n 

T h e dér iva t ion of the HUI ( i .e. t he compa r i son of obsen /ed w i th e x p e c t e d popu la t ion 
densi t ies) p rov ides a m e a s u r e of the pe r fo rmance of a s i te re lat ive to the qual i ty of those 
s i tes used to d e v e l o p the m o d e l s . A s the H A B S C O R E m o d e l s w e r e d e r i v e d f r om d a t a 
per ta in ing to un impac ted s i tes, dév ia t ion f rom the expec ted pe r fo rmance level can be used 
as an indicat ion of a l ikely env i ronmen ta l impact . 

Env i ronmenta l impact a s s e s s m e n t 

T h e e x p e c t e d s a l m o n i d p o p u l a t i o n dens i t i es fo r e a c h s p e c i e s / a g e g roup (i.e. t he 
H Q S va lues) are those e x p e c t e d unde r cond i t ions we re on ly habi ta t is potent ia l ly l imit ing, 
a n d can consequen t l y be rega rded as ind ices of habi ta t quali ty. A s s u c h , H Q S est imâtes for 
n e w s i t es c a n be u s e d to a c c o u n t f o r hab i t a t d i f f é r e n c e s w h e n m a k i n g b e t w e e n - s i t e 
c o m p a r i s o n s of sa lmon id popu la t ions . 

For e x a m p l e , w h e r e f ish popu la t i on da ta f r o m s i tes s u s p e c t e d of be ing i m p a c t e d 
(e .g . s i tes d o w n s t r e a m of a s u s p e c t e d po l lu t i ng d i s c h a r g e ) is to b e c o m p a r e d against 
popu la t ion da ta f rom un - impac ted s i tes (e.g. s i tes ups t ream of t he d ischarge) H Q S values 
c a n b e u s e d as co -va r i a tes in an ana lys i s of co -va r i ance , in o rde r to t ake the potent ia l 
e f fects of habi tat into account . 
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S t r e a m c lass i f icat ion 

S a l m o n i d popu la t i on p réd ic t i ve mode ls such as H A B S C O R E can be used as the 
bas is of a f ishery c lass i f ica t ion sys tem in two dist inct ways . Firstly, H Q S va lues prov ide a 
m e a n s w h e r e b y s i t es c a n b e c l a s s i f i e d a c c o r d i n g to the i r hab i t a t qua l i t y . T h i s w o u l d 
e f fec t ive ly be a c lass i f icat ion b a s e d on the potent ia l m a x i m u m sa lmon id populat ions that 
cou ld b e a t ta ined g i ven that no l imit ing factors other t han habi tat are opera t ing . 

A l ternat ive ly , a c lass i f ica t ion based upon the relat ive per fo rmance of sites (in t e rms 
of t he HUI) w o u l d put the cur rent s tandard of a site into perspect ive , and wou ld a l low si tes 
w h i c h a re pe r fo rm ing poor ly , re lat ive to their po ten t ia l , to be ident i f ied. Th is wou ld represent 
a m u c h re f ined vers ion of ex is t ing classi f icat ion Systems (e.g. M A I N S T O N E et al., 1994). 

T h e w i d e g e o g r a p h i c a l bas i s of the new i y d e v e l o p e d H A B S C O R E inc reases the 
app l icab i l i t y of any c lass i f icat ion sys tem which is b a s e d upon ei ther H Q S or HUI va lues , so 
fac i l i ta t ing the use of such Systems throughout the NRA. 

F isher ies potent ia l 

In a d d i t i o n t o p r o v i d i n g a b e n c h m a r k a g a i n s t w h i c h s a l m o n i d s t o c k s m a y b e 
a s s e s s e d , H Q S v a l u e s f r o m H A B S C O R E a l l o w t h e p o t e n t i a l c a r r y i n g c a p a c i t y f o r 
m i g r a t o r y s a l m o n i d s to b e a s s e s s e d for current ly i n a c c e s s a b l e s i tes . Such in fo rmat ion 
w o u l d b e of va lue in any cos t -bene f i t analys is re lat ing to p r o p o s e d work to open -up such 
s i tes (e .g . t h r o u g h the ins ta l la t ion of f ish passes at o thenwise impassab le fal ls) . 

G e n e r a l 

T h e r e is a w ide range of fac to rs that can be u s e d to deschbe s t ream habitat . Thèse 
bas i ca l l y b r e a k d o w n into t he loca l phys i co -chemica l a n d b io log ica l fea tu res of a g iven 
s t r e a m s i te ( e . g . c h a n n e l f o r m , d imens ions , banks i de and ins t ream cover , t empé ra tu re , 
f o o d avai labi l i ty , etc.) , a n d the larger-sca le c a t c h m e n t at t r ibutes such as geomorpho logy , 
t o p o g r a p h y , l and -use a n d c l ima te (MILNER et al., 1985) . However , it is not poss ib le to 
cons ide r s i te a n d c a t c h m e n t fea tu res in isolation f r om one another in schemes of habi tat 
é v a l u a t i o n . T h e con t r ibu t ions of t h è s e sources n e e d to be cons ide red together , and the 
c o n t i n u u m of c h a n g e of t h è s e f a c t o r s a long a g i v e n c a t c h m e n t s h o u l d be r e c o g n i z e d 
( H U E T , 1 9 5 9 ) . T h e u s e of a w i d e r ange of v a r i a b l e s d u r i n g t h e m o d e l l i n g p h a s e ( i .e . 
pe rm i t t i ng the mode l l i ng p rocédu re to select f rom the who le ar ray of site and ca tchment 
fea tu res ) a n d t h e spéci f ie régress ion techn iques u s e d were seen as means of effect ively 
reconc i l i ng th is requ i rement . 

It h a s b e e n s u g g e s t e d tha t hab i ta t needs m a y al ter w i th t he l i fe -s tage, s ize a n d 
spec ies c o n c e r n e d ( M I L N E R et al., 1981 ; K E N N E D Y and S T R A N G E , 1982 ; M O R A N T Z et 
al., 1987) . It is likely, there fo re , tha t the dér ivat ion of success fu i mode l s may, in part, be a 
resui t of the i r specif ic i ty. T h e p roduc t ion of five separa te mode ls represents a comprom ise 
b e t w e e n th is apparen t n e e d for h igh iy subject-speci f ic mode ls and the pragmat ic approach 
d e m a n d e d of a potent ia l m a n a g e m e n t too l . 

T h e s u r v e y t e c h n i q u e s u s e d t o c o l l e c t t h e r e q u i r e d i n f o r m a t i o n t o u s e t h e 
H A B S C O R E System have b e e n re f ined and closely de f ined survey rout ines and assoc ia ted 
f ie ld m a n u a l s have b e e n p r o d u c e d to facil itate t h e use of the H A B S C O R E survey techn ique 
t h r o u g h o u t Eng land a n d Wa les . 
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