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

D e s a n a l y s e s q u a n t i t a t i v e s d e l ' u t i l i sa t ion d e l ' hab i ta t à l ' é c h e l l e l o c a l e par les 
p o i s s o n s o n t é t é r é a l i s é e s p e n d a n t p l u s d ' u n e d é c e n n i e d a n s d e n o m b r e u x c o u r s 
d ' e a u d ' A m é r i q u e d u N o r d . D e s d e s c r i p t i o n s m a t h é m a t i q u e s d e s p a r a m è t r e s 
p h y s i q u e s qu i p e r m e t t e n t d e d é f i n i r s t a t i s t i q u e m e n t d i f f é r e n t s m i c r o h a b i t a t s ont é t é 
r é a l i s é e s p o u r les l a r v e s , j u v é n i l e s e t a d u l t e s d e p l u s d e 1 0 0 e s p è c e s d e p o i s s o n s 
d ' e a u c o u r a n t e . C e s r é s u l t a t s o n t é t é o b t e n u s e n u t i l i s a n t u n e a p p r o c h e n o n 
c o n v e n t i o n n e l l e d ' a n a l y s e d e l ' u t i l i s a t i o n d u m i c r o h a b i t a t b a s é e s u r d e n o u v e a u x 
p r o t o c o l e s d ' é t u d e , d e s m e s u r e s d e l ' h a b i t a t p h y s i q u e , d e s é c h a n t i l l o n n a g e s d e s 
p o i s s o n s , d e s a n a l y s e s d e d o n n é e s et l eu r i n t e r p r é t a t i o n . Les m i c r o h a b i t a t s é ta ien t 
c o n s i d é r é s c o m m e d e s u n i t é s d ' é c h a n t i l l o n n a g e p l u t ô t q u e l e s l o c a l i s a t i o n s d e s 
p o i s s o n s , a f in d e recue i l l i r é g a l e m e n t d e s d o n n é e s su r les m i c r o h a b i t a t s non u t i l i sés . 
Les v a r i a b l e s p h y s i q u e s d e l ' hab i ta t o n t é t é m e s u r é e s à d e s é c h e l l e s c o h é r e n t e s et l es 
j e u x d e d o n n é e s o n t é t é c o n f i g u r é s e n m a t r i c e s é c h a n t i l l o n s p a r v a r i a b l e ( v a r i a b l e 
p h y s i q u e et p r é s e n c e o u a b o n d a n c e d e p o i s s o n s ) . P o u r c h a q u e e s p è c e , l ' h y p o t h è s e 
t e s t é e é t a i t q u e le m i c r o h a b i t a t o c c u p é é t a i t u n e s o u s u n i t é d e s m i c r o f i a b i t a t s 
d i s p o n i b l e s . S e u l e s les v a r i a b l e s d ' h a b i t a t d i f f é r e n t e s e n t r e les g r o u p e s d ' é c h a n t i l l o n s 
o c c u p é s et i n o c c u p é s o n t é t é p r i s e s e n c o m p t e d a n s la c a r a c t é r i s a t i o n d e l 'hab i ta t a u 
n i v e a u d e l ' e s p è c e . 

L a p l u p a r t d e s e s p è c e s e t d e s s t a d e s d e d é v e l o p p e m e n t d e p o i s s o n s d ' e a u 
c o u r a n t e u t i l i sen t un m i c r o h a b i t a t s t a t i s t i q u e m e n t d é f i n i , p r e s q u e t o u j o u r s c a r a c t é r i s é 
pa r q u e l q u e s v a r i a b l e s p h y s i q u e s . II en es t de m ê m e d e s l a r v e s qu i s é l e c t i o n n e n t d e s 
h a b i t a t s à u n e t o u t e p e t i t e é c h e l l e , là o ù la v i t e s s e d u c o u r a n t e s t i n f é r i e u r e à leu r 
v i t e s s e c r i t i q u e d e n a g e . L a p r o f o n d e u r d e l ' eau e s t p r e s q u e t o u j o u r s la p r i n c i p a l e 
v a r i a b l e c a r a c t é r i s a n t l ' hab i t a t u t i l i sé , m a i s d ' a u t r e s v a r i a b l e s s o n t i m p o r t a n t e s p o u r 
q u e l q u e s g r o u p e s d ' e s p è c e s . C i n q g r o u p e s d ' u t i l i s a t i o n d e l ' h a b i t a t s o n t d i s t i n g u é s 
p o u r d e s pe t i t es r i v i è res a u x c a r a c t é r i s t i q u e s p h y s i q u e s d i f f é r e n t s e n c o m p e n s a n t la 
p r é c i s i o n d u c h o i x s p é c i f i q u e d e c h a q u e e s p è c e p a r la s i m p l i c i t é d ' u n a r r a n g e m e n t 
m u l t i - e s p è c e d e l ' hab i ta t . Les c i n q g r o u p e s s o n t a s s o c i é s à d i f f é r e n t s t y p e s d 'hab i ta t 
e t c e s c i n q m i c r o h a b i t a t s s o n t c a r a c t é r i s é s p a r d e s v a l e u r s n u m é r i q u e s . L e s c i n q 
t y p e s d ' h a b i t a t s e r e c o u v r e n t d a n s l ' e s p a c e et u n e p o r t i o n n o n n é g l i g e a b l e d e l 'hab i ta t 
d e n o m b r e u x c o u r s d ' e a u n e c r o i s e a u c u n d e s c r i t è r e s . G l o b a l e m e n t , les p o i s s o n s 
d ' e a u c o u r a n t e s e m b l e n t u t i l i s e r l ' h a b i t a t d e m a n i è r e t r è s s o u p l e e t l es f a c t e u r s 
r e s p o n s a b l e s d e s v a r i a t i o n s d ' u t i l i s a t i o n d u m i c r o h a b i t a t à l ' é c h e l l e l o c a l e s o n t enco re 
t rès m a l c o n n u s . 
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H A B I T A T AT THE L O C A L S C A L E : 
MULT IVARIATE P A T T E R N S F O R 

S T R E A M F I S H E S . 

S U M M A R Y 

Quan t i t a t i ve ana l yses of loca l -sca le habitat use by f ish has been conduc ted for more 
t h a n a d é c a d e in n u m e r o u s s t r eams and rivers of Nor th Amer i ca . Mathemat i ca l descr ip t ions 
of t h e phys i ca l a t t r ibutes that de f ine stat ist ical ly dist inct m ic rohab i ta ts have been deve loped 
fo r t h e m o b i l e life s tages ( larval , j uvén i l e , and adul t ) of more t han 100 spec ies of s t ream a n d 
r i v e r f i s h . T h è s e resu l t s w e r e o b t a i n e d us ing a n o n - t r a d i t i o n a l a p p r o a c h t o a n a l y z i n g 
m i c r o h a b i t a t u s e that e m p l o y e d n e w s tudy des igns , phys ica l hab i ta t m e a s u r e m e n t s , f ish 
s a m p l i n g , d a t a ana l yses , a n d in terpré ta t ion . Microhab i ta ts w e r e the uni ts of samp l ing rather 
t h a n f ish l oca t ions s o tha t da ta a re obta ined on occup ied a n d u n o c c u p i e d mic rohab i ta ts . 
P h y s i c a l hab i ta t a t t r ibutes w e r e usua l ly measured on a cons is ten t sca le , a n d the da ta sets 
w e r e c o n f i g u r e d as a s a m p l e by at t r ibute (physical habi tat a t t r ibutes and f ish p résence or 
a b u n d a n c e ) m a t r i x . F o r e a c h s p e c i e s , the h y p o t h e s i s w a s t e s t e d t h a t t h e o c c u p i e d 
m i c r o h a b i t a t s w e r e a d is t inct subse t of t he avai lable mic rohab i ta ts . On ly phys ica l at t r ibutes 
tha t d i f fer a m o n g occup ied a n d u n o c c u p i e d sample g roups w e r e inc luded in the déf in i t ion of 
s p e c i e s - l e v e l m ic rohab i ta ts . 

M o s t s p e c i e s a n d l i fe s t a g e s of s t ream a n d r iver f i sh u s e d a s ta t is t ica l ly d is t inc t 
m i c r o h a b i t a t , a n d t h o s e m i c r o h a b i t a t s were a l m o s t a i w a y s d e f i n e d by a f e w p h y s i c a l 
a t t r i bu tes . T h i s i nc ludes la rvae tha t select ively u s e d ve ry sma i l - sca le hab i ta ts w h e n cur rent 
ve loc i t y w a s less than the i r m a x i m u m susta ined s w i m m i n g s p e e d . Water depth w a s most 
o f t en t h e p r ima ry at t r ibute de f in ing microhabi ta t use, but ail o ther phys ica l at t r ibutes we re 
i m p o r t a n t to s o m e g roup of spec ies . Five habi tat-use a s s e m b l a g e s have been ident i f ied for 
phys i ca l l y d i ve rse , sma l l r ivers by ba lanc ing spec ies-spec i f i c préc is ion wi th the s impl ic i ty of 
a mu l t i spec ies -hab i ta t pa t te rn . T h e f ive assemb lages w e r e assoc ia ted wi th dist inct t ypes of 
h a b i t a t , a n d t h è s e f i v e m i c r o h a b i t a t s have b e e n d e f i n e d w i t h n u m e r i c c r i te r ia . T h e f i ve 
h a b i t a t t y p e s ove r l ap in s p a c e , a n d a subs tan t ia l po r t i on of t h e aqua t i c habi ta t in m o s t 
s t r e a m s d o e s not mee t any cr i ter ia. Overa l l , s t ream f ish appea r very f lex ib le in microhabi ta t 
u s e a n d t h e r e is little unde rs tand ing of t he factors respons ib le for var ia t ion in microhabi ta t 
u s e at t h e loca l sca le . 

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

I ch thyo log is ts a n d f i sh b io log is ts have b e e n descr ib ing loca l -sca le habi ta t use of f ish 
f r o m n e a r l y t h e b e g i n n i n g of t h è s e p r o f e s s i o n s . M o s t d e s c r i p t i v e a c c o u n t s of t h e 
m i c r o h a b i t a t s used by f r eshwa te r f i sh a re qual i tat ive (for e x a m p l e , qu iet backwa te rs wi th 
cove r , swi f t r i f f les w i th bou lde rs a n d cobble) a n d based on f ie ld obse rva t i ons and samp l ing 
e x p é r i e n c e . Neve r the less , t hèse qual i ta t ive descr ip t ions of m ic rohab i ta t use remain the only 
a v a i l a b l e in fo rmat ion for mos t spec ies of f reshwater f ish. 

B e g i n n i n g in a b o u t t h e m i d - 1 9 7 0 s , m a n y f i s h e r y b i o l o g i s t s b e c a m e i n v o l v e d in 
a s s e s s i n g i m p a c t s of h u m a n d e v e l o p m e n t s o n w a t e r w a y s ( fo r e x a m p l e ; n a v i g a t i o n 
s t r u c t u r e s , h y d r o e l e c t r i c d a m s , w a t e r supp l y d i v e r s i o n s ) , a n d th i s t a s k o f ten r e q u i r e d 
quan t i t a t i ve a s s e s s m e n t s of hab i ta t n e e d e d to main ta in and pro tec t f i sh . T h e most c o m m o n 
a p p r o a c h to m ic rohab i t a t quan t i f i ca t i on has b e e n fair ly s imp le : m e a s u r e phys ica l habi ta t 
a t t r i b u t e s ( m o s t l y w a t e r d e p t h , c u r r e n t veloci ty , b o t t o m subs t ra te ) at t he loca t ion w h e r e 
i nd i v i dua l s of a spec ies are e n c o u n t e r e d . Thèse data are then s u m m a r i z e d as microhabi ta t 
c r i t e r i a w h e r e the r a n g e of i n h a b i t e d cond i t i ons d e f i n e s t h e su i t ab le m i c rohab i t a t fo r a 
s p e c i e s , a n d t h e a t t r i bu tes of t h e m o s t often used hab i ta t s de f i ne op t ima l m ic rohab i ta t . 
M i c r o h a b i t a t u s e is s o m e t i m e s c o m b i n e d with m e a s u r e s of habi ta t avai labi l i ty to deve lop 
c r i te r ia b a s e d o n mic rohab i ta t sé lec t ion . 

T h e a c c u m u l a t i o n of spec ies habi ta t cri teria f rom m a n y set t ings led to the récogni t ion 
t h a t f i s h s p e c i e s ra re ly u s e j us t o n e set of m i c r o h a b i t a t c o n d i t i o n s . A t t e m p t s to exp la in 
v a r i a b l e m ic rohab i ta t use have ident i f ied a major sho r t com ing of the s tandard app roach to 
q u a n t i f y i n g m i c r o h a b i t a t : a lack of s ta t is t i ca l é v i d e n c e tha t a s p e c i e s is r e s p o n d i n g to 
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m e a s u r e d habi ta t a t t r ibu tes . Stat is t ica l ana lys i s of m ic rohab i ta t use h a s a l m o s t a i w a y s been 
imposs ib le because da ta have not b e e n co l lec ted in n o n - u s e d or unoccup ied microhab i ta ts . 
There fo re , fur ther a d v a n c e m e n t in our unde rs tand ing of hab i ta t use at the local sca le wi l l 
require adop t ing a d i f férent a p p r o a c h to habi ta t research and a s s e s s m e n t . 

H o w c o u l d f i sh b i o l o g i s t s a d v a n c e b e y o n d t h e s i m p l e n u m e r i c a l desc r i p t i ons of 
microhabi ta t use to c o n d u c t r igorous tes ts and ana lyses of f ish r esponses to phys ica l habitat 
a t t r ibu tes? In th is paper , I d e v e l o p a non- t rad i t i ona l a p p r o a c h to s ta t is t ica l ly ident i fy ing 
m ic rohab i ta t use by e m p l o y i n g n e w s tudy d e s i g n s , phys i ca l hab i ta t m e a s u r e m e n t s , f i sh 
samp l ing , da ta ana lyses , and in terprétat ions. A l though the a p p r o a c h desc r i bed here is not 
new, it has not b e e n w i d e l y a d o p t e d for f i sh hab i ta t s t u d i e s . R e s u l t s f r o m research o n 
s t reams and r ivers are syn thes i zed and rev iewed to i l lustrate h o w n e w in format ion can b e 
ob ta ined , and to s h o w h o w that in fo rmat ion advances our unde rs tand ing . 

M E T H O D S 

T h e a p p r o a c h d e v e l o p e d to ana l yze mic rohab i ta t use by s t r e a m f ish is b a s e d on f ive 
p r inc ip les . F i rs t , s a m p l e hab i t a t r a the r t h a n f i sh l oca t i ons s o tha t d a t a a r e ob ta i ned o n 
o c c u p i e d a n d u n o c c u p i e d m i c r o h a b i t a t s . Hab i ta t s a m p l i n g s h o u l d b e d e s i g n e d us ing a 
s t a t i s t i c a l l y - b a s e d ( i n c l u d e a r a n d o m é l é m e n t ) , s i te s é l e c t i o n p r o t o c o l t h a t a v o i d s o r 
m in im izes inves t iga to r d é c i s i o n s in the f ie ld { B A I N a n d F I N N , 1991) . S e c o n d , w h e n e v e r 
p o s s i b l e , m e a s u r e p h y s i c a l hab i t a t a t t r i bu tes on a c o n s i s t e n t m e a s u r e m e n t sca le ( fo r 
e x a m p l e , as c o n t i n u o u s var iâ tes) so tha t t he da ta c a n be a n a l y z e d in a c o m p r e h e n s i v e 
m a n n e r w i th hypo thes i s - t es t i ng mul t i var ia te s ta t is t ics . Th i r d , t rea t f i sh spec ies as habi tat 
a t t r i bu tes so tha t t h e d a t a se t is c o n f i g u r e d as a s a m p l e b y a t t r i bu te (phys i ca l hab i ta t 
a t t r ibutes a n d f ish p r é s e n c e or a b u n d a n c e ) mat r ix . Four th , tes t the hypo thes is t ha t each 
spec ies uses a d ist inct subse t of the ava i lab le habi tat . T h a t is, test fo r s tat is t ica l d i f férences 
in mic rohab i ta t a t t r ibu tes a m o n g o c c u p i e d and u n o c c u p i e d s a m p l e g r o u p s . If d i f fé rences 
are f o u n d , t hen ident i fy w h i c h mic rohab i ta t a t t r ibutes exp la in d i f fé rences a m o n g occup ied 
a n d u n o c c u p i e d s a m p l e g r o u p s . F i f th , repor t d a t a for o n l y t h e i n f l uen t i a l m i c r o h a b i t a t 
at tr ibutes usefui in stat ist ical ly def in ing a spec ies microhabi ta t . Field me thods used for th is 
approach are rev iewed be low for s t reams and smal l r ivers that a re largely wadeab le ( > 1.0-m 
water depths are fair ly u n c o m m o n ) a n d large r ivers that pose s igni f icant samp l ing problems. 

S o m e of t h e m e t h o d s a n d resu l t s r e p o r t e d h e r e a r e f r o m s t u d i e s c o n d u c t e d t o 
d é t e r m i n e t h e e f f e c t s of f l o w r é g u l a t i o n c a u s e d by h y d r o e l e c t r i c d a m s . T h è s e w e r e 
compara t i ve , un regu la ted a n d regu la ted r iver s tud ies of f ish c o m m u n i t y compos i t i on a n d 
spec ies- leve l m ic rohab i ta t use . S tudy a rea descr ip t ions a n d resu l ts of t hèse s tud ies have 
been repor ted by B A I N et al., 1988 ; K I N S O L V I N G a n d B A I N , 1993 ; S C H E I D E G G E R a n d 
B A I N , 1 9 9 5 . H e r e , I u s e t h e d a t a f r o m t h e u n r e g u l a t e d r i v e r s ( W e s t R i v e r in t h e 
n o r t h e a s t e r n U n i t e d S t a t e [ V e r m o n t ] a n d t h e C a h a b a R i ve r in t h e s o u t h e a s t e r n Un i ted 
Sta tes [A labama] ) that w e r e inc luded in the compa ra t i ve s tud ies . In add i t i on , s o m e results 
p resen ted here are f r o m a 1 9 8 9 - 1 9 9 0 s tudy of s e v e n , la rge but w a d e a b l e s t r e a m s in the 
Ta l lapoosa River bas in in the sou theas te rn Un i ted S ta tes ( A l a b a m a ) . T h e ob jec t i ve of th is 
s tudy w a s to ident i fy robus t pa t te rns of f i sh -hab i ta t re la t ions in s t r e a m s tha t h a d simi lar 
m e a n annua l d i scha rge (3 .6 to 8.2 mVs ) but va r ied g rea t ly in na tura l f low var ia t ion a n d 
c h a n n e l m o r p h o l o g y . D a t a f r o m t h e s ix m o s t heav i l y s a m p l e d s t r e a m s a re u s e d in th i s 
paper : Ter rap in C r e e k , H i l l abee C r e e k , O a k m u l g e e C r e e k , U p h a p e e C r e e k , L i t t le River 
Nor th (nor thern part of bas in ) , and Litt le River Sou th (sou the rn por t ion of the basin) . 

S a m p l i n g D e s i g n 

T h e i déa l of fu l l y r a n d o m s a m p l i n g o f m i c r o h a b i t a t s in f l o w i n g w a t e r s h a s b e e n 
impract ica l because of h igh hab i ta t he te rogene i t y a n d t ime cons t ra in ts l imi t ing the number 
of s a m p l e s . T h e r e f o r e , a s y s t e m a t i c s a m p l i n g d e s i g n h a s b e e n u s e d tha t i nco rpo ra ted 
s o m e r a n d o m é lémen t in s i te sé lec t ion . AIso, an a priori sWe sé lec t ion pro toco l was adop ted 
to e l iminate si te sé lec t ion in the f ie ld . In ail cases , the s ize of m ic rohab i ta t i nc luded in each 
s a m p l e w a s c h o s e n in a d v a n c e , a n d f ixed for the study. In s t r e a m a n d sma l l river s tud ies , 
ma jo r m a c r o h a b i t a t t y p e s (r i f f les, runs , poo ls , etc. ) w e r e iden t i f i ed in the f ie ld , a n d t w o 
t ransec ts w e r e randomly c h o s e n pe rpend icu la r to f low in e a c h t ype of macrohab i ta t . T h e 
n u m b e r of t ransec ts per s i te (6) w e r e c h o s e n to a l low the s i te to be comp le te l y samp led in 
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o n e f i e l d day . S a m p l i n g s i t es c a n b e pos i t i oned a l o n g t h e t r a n s e c t in a s y s t e m a t i c or 
r a n d o m m a n n e r . In l a rge r i ve rs , r a n d o m s i tes w e r e s e l e c t e d w i th in long r e a c h e s , and 
s a m p l e s w e r e d e p l o y e d at e a c h s i te accord ing to a strict p ro toco l . For examp le , r ivers we re 
d i v i ded into 2 - k m reaches . S a m p l i n g s i tes wi th in each reach we re loca ted by t rave l ing at a 
low s p e e d in a boat for a r a n d o m l y c h o s e n number of seconds . 

P h y s i c a l Habi tat M e a s u r e m e n t s 

Mic rohab i ta t s w e r e s a m p l e d as rectangular units of set s ize or ien ted paral le l to the 
cu r ren t . T h e d i m e n s i o n s of s a m p l e d microhabi ta ts var ied a m o n g s tud ies depend ing on f ish 
s a m p l i n g g e a r (desc r ibed be low) , f ish density (avoid large n u m b e r s of emp ty samp les ) , and 
s t u d y o b j e c t i v e s . In m o s t s t ud i es , phys ica l hab i ta t a t t r ibu tes w e r e m e a s u r e d at t he four 
c o r n e r s of e a c h mic rohab i ta t fo l l ow ing col lect ion of ail f i sh . Phys ica l habi tat m e a s u r e m e n t s 
w e r e u s u a l l y m a d e so tha t ail a t t r i bu tes we re reco rded on a c o n t i n u o u s sca le . Cu r ren t 
ve loc i t y w a s m e a s u r e d at t he m e a n po in t (0.6 depth f rom the sur face) of the water c o l u m n 
w i th a cu r ren t meter . Wa te r d e p t h w a s recorded with a ru ied w a d i n g rod that suppor ted the 
cu r ren t meter , o r by d ropp ing a w e i g h t e d measur ing tape into the water. 

Subs t ra te , cover, a n d o ther phys ica l habitat at t r ibutes (for examp le , végétat ion) posed 
p r o b l e m s because t hey have b e e n typical ly recorded as ca tegor ica l or percen tage data. To 
c i r c u m v e n t th is , subst ra te and cover measurement we re m a d e by tak ing m a n y categor ica l 
obse rva t i ons for each mic rohab i ta t and Computing a m e a n to use as da ta for that at t r ibute. 
T h e f ie ld me thods t o do th is have been descr ibed in BAIN et al. (1985a) for subst ra te and 
K I N S O L V I N G and B A I N (1990) for cover. Substrate is m e a s u r e d by record ing the dominan t 
subs t ra te at mul t ip le locat ions wi th in e a c h sampled microhabi ta t us ing the codes of BAIN et 
al. ( 1985b) : 1 - smoo th c lay or bedrock , 2 = silt and soft c lay (f ine, c louds water ) , 3 - sand 
(< 2 m m d iameter ) , 4 = grave l (> 2-16) , 5 = pebb le (> 16-64) , 6 = cobb le (> 65-256) , 7 = 
b o u l d e r (> 2 5 6 ) . S imi la r ly , c o v e r has been r e c o r d e d as t h e n u m b e r of ob jec ts b reak ing 
v e r t i c a l ( w a t e r s u r f a c e to s u b s t r a t e ) p l a n e s d i s t r i b u t e d a r o u n d or t h r o u g h a s a m p l e d 
m i c r o h a b i t a t . For e x a m p l e , c o u n t s h a v e been d o n e for t h r e e 0 .5 -m p lanes o n 6 even ly 
s p a c e d c ross -sec t ions t ravers ing a microhabi ta t to obta in 18 cover observa t ions . T h e m e a n 
of t h è s e 18 obsen /a t ions w a s used as a cover densi ty va lue for one s a m p l e d microhabi tat . 

Fo r s tud ies in large r ivers, phys ica l habitat m e a s u r e m e n t s w e r e taken on ei ther s ide 
of a boa t at even ly s p a c e d in terva is through a s a m p l e d microhab i ta t . Cur ren t veloc i ty w a s 
m e a s u r e d at t h e su r f ace by t im ing t h e float of a w o o d ch ip over a 1-m d is tance . Water 
d e p t h w a s reco rded f rom a ru Ied f iberg lass pô le . T h e d o m i n a n t subs t ra te type is es t ima ted 
b y s t r i k i n g a n d s c r a p i n g t h e s u b s t r a t e w i t h t h e ru Ied f i b e r g l a s s p ô l e , a n d u s i n g a n 
a b b r e v i a t e d se t of o r d e r e d subs t ra te catégor ies . A n index of cove r w a s recorded as the 
n u m b e r of t i m e s the boa t a n c h o r hit a solid ob ject w h e n d r a g g e d a long the river bo t tom 
t h r o u g h a s a m p l e d m ic rohab i ta t . 

F i s h S a m p l i n g 

A d u l t a n d j u v é n i l e f i sh of ai l spec ies w e r e c o l l e c t e d in e a c h m i c r o h a b i t a t us ing 
p r e p o s i t i o n e d a rea e lec t ro f i sh ing for studies in wadab le s t r eams (mos t hab i ta ts less than 
1 .5-m w a t e r d e p t h ) a n d t h e s h o r e l i n e w a t e r s of l a rge r i ve rs . A d e v i c e for th is t ype of 
s a m p l i n g w a s i n t r o d u c e d by B A I N et al. ( 1985b) a n d h a s s i nce b e e n mod i f i ed on ly in 
c o n s t r u c t i o n déta i ls , p o w e r s u p p l y spéc i f icat ions, and rec tangu lar d imens ions . T h e samp le r 
is a r e c t a n g u l a r é l ec t rode (para l le l w i res ) tha t is p rese t at a m ic rohab i ta t a n d ac t i va ted 
r e m o t e l y a f ter t ime ( for e x a m p l e , 0.5 h) was a l l owed for f ish to re turn after d is tu rbance . T h e 
d i m e n s i o n s of the s a m p l e r h a v e b e e n se lec ted to ba lance samp l i ng e f fec t iveness (electr ic 
f ie ld c o n s t r a i n s samp le r w id th to no mo re than about 2 m) , logist ics ( t ranspor t ing severa l 
s a m p l e r s in t h e f ield), a n d the f ish capture ra te (modera te n u m b e r s of f ish w i thout many 
e m p t y s a m p l e s ) . P repos i t i oned a r e a e lectrof ishers have ranged f r om 1 x 2 m in mid-s ized 
s t r e a m s to 1.5 x 12 m for t he shore l i ne waters of large r ivers. T h e d imens ions se lec ted in 
a s t u d y h a v e d e t e r m i n e d the s ize of microhabi ta t units for the study. 

S n o r k e l i n g w a s used to s a m p l e f ish in mic rohab i ta ts in a f e w s t ream habi ta ts that 
w e r e d e e p e r than a b o u t 1 meter . However , f i sh habi ta t s tud ies in large r ivers requi red a 
d i f fé rent f i sh samp l i ng a p p r o a c h . T w o macrohab i ta ts have been de f ined in r ivers wi th large 
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a r e a s of d e e p ( > 1 m ) w a t e r ; s h o r e l i n e w a t e r s s a m p l e d w i t f i p r e p o s i t i o n e d a r e a 
e lec t ro f ishers , and c h a n n e l hab i ta ts s a m p l e d wi th s tanda rd i zed boa t e lec t ro f ish ing. Channe l 
m i c r o h a b i t a t s w e r e 1 0 0 - m l o n g a n d 4 - m w i d e ( d i s t a n c e e f f e c t i v e l y s a m p l e d by a n 
e lect ro f ish ing boat ) . At a p re -se lec ted r iver locat ion, th ree pa i rs of b u o y s w e r e ancho red 50 -
m apar t to mark a rec tangu la r a rea for samp l i ng , and t hèse a reas w e r e pos i t ioned paral le l 
to the current . O n e m ic rohab i ta t w a s loca ted off e i ther b a n k (1 m or g rea te r depth) and in 
m i d s t r e a m , bu t o f f se t f r o m o n e a n o t h e r so t h a t t h e y w e r e at l e a s t 1 0 0 - m a p a r t . T h e 
e l e c t r o f i s h i n g b o a t h a d f o r w a r d b o o m s p o w e r e d by a 5 , 0 0 0 w a t t a l t e r n a t i n g c u r r e n t 
genera to r and a S m i t h - R o o t Inc., t ype V l -A , va r iab le -vo l tage pu lsa to r set to DC output . To 
col lect f ish, the e lec t ro f i sh ing boat w a s nav iga ted d o w n s t r e a m a n d then ups t ream th rough 
the marked mic rohab i ta t . Usual ly , t he s a m p l e d wa te rs w e r e 2 to 4 m d e e p . 

Ai l c a p t u r e d f i sh w e r e w e i g h e d , m e a s u r e d , a n d r e l e a s e d at the c a p t u r e loca t ion 
un iess a s p e c i e s iden t i f i ca t ion cou ld not be m a d e in the f i e ld . S o m e la rge f ish spec ies 
c lear ly use di f férent m ic rohab i ta ts at di f férent s izes . For t hèse , sma l l and la rge size c lasses 
w e r e de f ined af ter rev iew ing p lots of habi tat a t t r ibutes ve rsus f ish leng th . Mos t s i ze c lass 
d iv is ions a re m a d e at 100 m m total l eng th . Full ana lys is of m ic rohab i ta t use w a s conduc ted 
for spec ies and s ize c l asses that w e r e recorded in 5 % , or at least 5, of the microhabi ta t 
samp les in any one da ta set . 

Larval f ish habi ta t 

Larval f ish are wide ly d ist r ibuted in s t ream and river habitat because very smal l fish are 
not ab le to cont ro l thei r m o v e m e n t s excep t in the s lowes t cur ren ts . There fo re , ana lyses of 
larval f ish shou ld de le te hab i ta ts w h e r e the d is t r ibut ion of la rvae is largely de te rm ined by 
pass ive drift. Nursery habi tats may be crit ical for larval f ish sun/ iva l , a n d S C H E I D E G G E R and 
B A I N (1995) a s s u m e d t h è s e w e r e hab i ta ts w h e r e l a r vae can con t ro l the i r pos i t ions a n d 
microhabi tat use . In river s tud ies, nursery habi tats w e r e de f ined as those a reas w h e r e larval 
f ish cou ld se lect ive ly use microhab i ta ts because cur rent veloc i ty w a s less than their m a x i m u m 
susta ined s w i m m i n g s p e e d . Sus ta ined s w i m m i n g s p e e d for mos t f i sh , inc luding larvae, has 
b e e n e s t i m a t e d as 3 to 7 b o d y l e n g t h s per s e c o n d ( W E B B , 1975 ) . U s i n g th is re la t ion , 
S C H E I D E G G E R a n d BA IN (1995) es t imated the m a x i m u m current veloci ty of 8.4 cm/s (i .e., 
7 body lengths x 1 2 - m m long larvae) as the upper ve loc i ty l imit de f in ing potent ia l nursery 
habi tat for f ish fami l les l ikely to b e encoun te red in the s tudy r ivers. Of fshore and nearshore 
habitats wi th cur rent veloc i t ies greater than 8.4 cm/s w e r e a s s u m e d to be dom ina ted by f ish 
larvae be ing pass ive ly t ranspor ted in river currents. 

A l - m ^ , 5 0 0 - p m m e s h s e i n e w a s u s e d to co l l ec t la rva l f i sh in po ten t i a l nu rse ry 
h a b i t a t . S e i n e s a m p l e s w e r e c o l l e c t e d a l o n g f i v e f i x e d t r a n s e c t s in e a c h s t u d y s i t e . 
T r a n s e c t s w e r e p o s i t i o n e d p e r p e n d i c u l a r to t h e f low a n d to i n c l u d e d the range of habi ta ts 
at a s i te . O n e se ine s a m p l e c o n s i s t e d of t h r e e c o n t i g u o u s s e i n e hau ls (2 -m long , to ta l 
d i s t a n c e s e i n e d = 6 m) t a k e n p e r p e n d i c u l a r to a t r a n s e c t (pa ra l le l to f l ow ) . T w o se ine 
s a m p l e s w e r e t a k e n on e a c h s h o r e e n d of a t r a n s e c t p r e s u m a b l y cove r i ng the range of 
po ten t ia l nu rse ry hab i ta t . T h e f i rst s a m p l e on e a c h t r ansec t e n d w a s c e n t e r e d o n a po in t 
1-m f r o m t h e s h o r e . T h e s e c o n d s a m p l e w a s l oca ted as far as 5.0 m f r o m s h o r e but jus t 
p r i e r to t h e p o i n t w h e r e t h e c u r r e n t s p e e d e x c e e d e d 8 . 4 c m / s o r t h e w a t e r d e p t h 
e x c e e d e d 1.3 m. For e a c h s a m p l e , t he fo l l ow ing m i c r o h a b i t a t a t t r i bu tes we re reco rded : 
dep th (neares t 0.1 m) , cu r ren t ve loc i t y ( cm/s ) , dens i t y of cover , dens i t y of végé ta t i on , a n d 
t h e d o m i n a n t s u b s t r a t e . T h e r e l a t i v e d e n s i t y of c o v e r a n d v é g é t a t i o n w a s v i s u a l l y 
e s t i m a t e d o n a s c a l e of 1 ( absen t ) to 5 ( d e n s e a m o u n t s ) . C o v e r i n c l u d e d a n y w o o d y 
déb r i s , wh i l e v é g é t a t i o n i nc luded on ly g r e e n , h e r b a c e o u s mat ter . 

Larva l f i sh w e r e p r e s e r v e d i m m e d i a t e i y a f ter c a p t u r e in 10 % f o r m a l i n , and la ter 
t rans fe r red to 5 % bu f fe red fo rma l in . La rvae w e r e m e a s u r e d (neares t 0.1 m m to ta l length) 
wi th a d issec t ing scope , a n d ident i f ied to the lowes t poss ib le t a x o n o m i c level . Data w e r e 
a n a l y z e d at t h e f a m i l y l eve l to r e d u c e t h e p o s s i b i l i t y of i n a c c u r a t e c o n c l u s i o n s f r o m 
m i s i d e n t i f i c a t i o n s , a n d to a c c o m m o d a t e p o o r r e p r é s e n t a t i o n of s o m e s p e c i e s . T a x o n 
spéc i f i e m i c r o h a b i t a t u s e w a s b a s e d on d a t a c o l l e c t e d o n e f i e l d d a y pr ie r t o the f i rs t 
a p p e a r a n c e of a t a x o n to the f irst f ie ld day af ter the d i s a p p e a r a n c e of that t a x o n . T a x a 
reco rded in ten or mo re s a m p l e s we re ana lyzed for m ic rohab i ta t use . 



Bull. Fr. Pêche Piscic. (1995) 337/338/339 :165-177 — 170 — 

D a t a A n a l y s i s 

S t a t i s t i c a l a n a l y s e s w e r e c o n d u c t e d s e p a r a t e l y fo r eachi d a t a se t ( s t r e a m s or 
m a c r o h a b i t a t s ) . F ish s p e c i e s or s ize c lasses that u s e d a d is t inc t subse t of m ic rohab i ta t 
c o n d i t i o n s w e r e ident i f ied us ing mul t ivar ia te ana lys is of va r i ance ( M A N O V A , aIso ca l led 
H o t t e l i n g ' s m u l t i v a r i a t e T - tes t s i nce there w e r e t w o g r o u p s of s a m p l e s ) a n d un iva r ia te 
a n a l y s i s of v a r i a n c e ( A N O V A or é q u i v a l e n t to a t - tes t ) . T h è s e p r o c é d u r e s t e s t e d t h e 
hypo thes i s tha t there w a s no d i f fé rence in habi ta t be tween t w o g roups of samp les : t hose 
w i t h a p a r t i c u l a r s p e c i e s ( p r é s e n t ) a n d t h o s e w i t h o u t a p a r t i c u l a r s p e c i e s ( a b s e n t ) , 
M A N O V A tes ted th is hypo thes i s wi th ail physical habitat a t t r ibutes c o m b i n e d , and it a l lows 
for in te rac t ions a m o n g at t r ibutes tha t may b e impor tant in de f in ing the microhabi ta t for a 
s p e c i e s . A N O V A tes ted the hypo thes i s with data on a s ingle habi ta t a t t r ibute, and thèse 
un i va r i a t e tes t s ind ica te w h i c h a t t r i bu tes are ind iv idual ly impor tan t in de f in ing a spec ies 
m ic rohab i ta t . A spec ies or s ize c lass w a s de te rm ined to use a dist inct microhab i ta t wi th in 
t h e ava i l ab le habi ta t w h e n s ign i f i cant d i f férences a re f ound b e t w e e n p résen t a n d absent 
s a m p l e g r o u p s . A N O V A resu l ts w e r e then u s e d to ident i fy w h i c h habi ta t a t t r ibutes w e r e 
i nd i v i dua l l y use fu i in d e f i n i n g a s p e c i e s mic rohab i ta t . Lan /a l f i sh m i c rohab i t a t a n a l y s e s 
c o u l d not be done w i th the benef i t of mul t ivar iate hypo thes is tes t ing b e c a u s e s o m e habi tat 
a t t r ibu tes w e r e reco rded on a ca tegor i ca l scale. Microhabi ta t c o m p a r i s o n s b e t w e e n samp le 
g r o u p s w i th a t axon p résen t a n d absen t were m a d e wi th A N O V A (t- tests) for con t inuous 
hab i ta t va r i ab les and ch i - squa re tes ts for categor ica l habi ta t va r iab les . 

Tests a m o n g p résen t a n d a b s e n t samp le g roups have a potent ia l ly impor tant f law: 
t h e p r é s e n c e of a spec ies in a s a m p l e indicates a su i tab le mic rohab i ta t , but its a b s e n c e 
d o e s not necessar i l y imp ly unsu i tab le habitat. It s e e m s reasonab le to expec t that not every 
su i tab le m ic rohab i ta t wi l l b e occup ied at the t ime of samp l i ng . Consequen t l y , a spec ies that 
u s e s a spéc i f ie m ic rohab i ta t wi l l b e f o u n d in a less var iab le se t of cond i t i ons t h a n tha t of t h e 
a v a i l a b l e hab i ta t . M A N O V A a n d A N O V A a s s u m e equa l i t y of v a r i a n c e fo r e a c h s a m p l e 
g r o u p . F o r t u n a t e l y , t h e t e s t s a r e c o n s e r v a t i v e ( e r r o r is b i a s e d a g a i n s t i d e n t i f y i n g a 
s ign i f i can t m ic rohab i ta t ) w h e n o n e g roup has both a larger s a m p l e s ize (absent samp les ) 
a n d t h e l a rge r v a r i a n c e . A s a c h e c k , one p r i n c i p a l c o m p o n e n t p lo t (hab i ta t s p a c e ) of 
s a m p l e s in b o t h g roups s h o u l d s h o w the spec ies w a s c o n c e n t r a t e d in a d is t inc t por t ion of 
t he ava i l ab le habi ta t . 

For s p e c i e s us ing d is t inc t m i c rohab i t a t s , the m e a n pos i t i on in hab i ta t s p a c e w a s 
p lo t ted us ing pr inc ipal c o m p o n e n t ana lys i s to i l lustrate commun i t y - l eve l re lat ions. Pr inc ipal 
c o m p o n e n t a n a l y s i s g é n é r â t e s uncor re la ted , mul t i var ia te hab i ta t c o m b i n a t i o n s (pr inc ipa l 
c o m p o n e n t s ) i n o r d e r of d e c r e a s i n g i m p o r t a n c e (% or o v e r a l l v a r i a n c e e x p l a i n e d ) . 
E i g e n v e c t o r s f rom t h è s e a n a l y s e s w e r e used to interpret the o r ien ta t ion of c o m p o n e n t s . 
Pr inc ipa l c o m p o n e n t s ana lys i s has a Iso been u s e d to poo l spec ies into g roups us ing s imi lar 
m i c r o h a b i t a t s . F i n a l l y , t h i s a n a l y s i s t e c h n i q u e w a s u s e d t o i d e n t i f i e d k e y s t r e a m 
m ic rohab i t a t s a n d the charac te r i s t i cs spec ies occupy ing the key mic rohab i ta ts . 

R E S U L T S 

A to ta l of 1,578 m i c r o h a b i t a t s a m p l e s r e c o r d e d 13 ,527 f i sh of 7 9 s p e c i e s in 10 
w a d a b l e m id -s i ze s t r eam s i tes in the Ta l lapoosa River bas in in 1989 a n d 1990 . T h e Wes t 
R ive r w a s ano the r la rge ly w a d a b l e s t r e a m that w a s s a m p l e d (864 microhab i ta ts ) in 1982 
a n d 1 9 8 3 ( B A I N et al., 1988) p r o d u c i n g data on 3,039 f ish of 23 spec ies . For brevity, se lect 
r esu l t s a r e p r e s e n t e d for t w o s p e c i e s r ep resen t i ng e x t r ê m e s of m i c r o h a b i t a t u s e , a n d 
resu l ts a re s u m m a r i z e d for t w o s t r e a m s with d ive rse a n d wel l s a m p l e d f ish f aunas . Fami ly-
leve l pa t te rns a re s u m m a r i z e d for s e v e n of the mos t s a m p l e d s t r eams , and key habi tats are 
i den t i f i ed f r o m the ana l ys i s of spec ies -hab i ta t pa t te rns in the 10 Ta l l apoosa River s tudy 
s t r e a m s . 

T h e s u n f i s h ( C e n t r a r c h i d a e ) Lepomis macrochirus w a s c o m m o n l y r e c o r d e d in 
m ic rohab i t a t s a m p l e s in four s tudy s t r e a m s (Table I). Th is spec ies used stat is t ical ly dist inct 
m i c rohab i t a t s in t hèse s t r e a m s but t he at t r ibutes of t hose m ic rohab i ta ts va r ied . Lepomis 
macrochirus m i c r o h a b i t a t w a s d e f i n e d by a v a r i a b l e l ist of a t t r i b u t e s a n d t h e o r d e r of 
i m p o r t a n c e of t hose a t t r ibutes d i f fe red a m o n g mul t ivar ia te habi ta t mode l s . A Iso , the m e a n 
v a l u e of t he a t t r ibu tes that de f i ned the microhabi ta t of Lepomis macrochirus var ied s t rongly 
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a m o n g s tudy s t r e a m s . M e a n water ve loc i ty of m ic rohab i ta t s used by Lepomis macrociiirus 
var ied the m o s t (0.7 to 3.8 cm/s) fo l lowed by m e a n wa te r dep th (23 to 76 c m ) . Lepomis 
macrochirus w a s an e x a m p l e of m a n y spec ies that used dist inct m ic rohab i ta ts in indiv idual 
s tudy s t reams , but t he at t r ibutes a n d m e a n phys ica l cond i t ions of the mic rohab i ta ts var ied 
a m o n g s tudy s t r e a m s . 

In con t ras t to Lepomis macrochirus, the dar ter (Perc idae) Etheosîoma jordani w a s 
a m o n g the m o s t c o n s i s t e n t spec ies in m i c rohab i t a t u s e (Table I). Wa te r d e p t h , cu r ren t 
s p e e d , a n d subs t ra te w e r e a iways impor tan t a t t r ibu tes of Etheostoma Jordani microhabi ta t 
w i th sha l l ow water , fas t cu r ren ts , a n d c o a r s e subs t ra tes cha rac te r i z ing the mic rohab i ta t . 
Desp i te th is cons i s t ency a m o n g s t reams , the th ree impor tan t a t t r ibutes var ied in the i r order 
of impor tance , and the re w a s var ia t ion in the m e a n v a l u e s of the impor tan t mic rohab i ta t 
a t t r ibutes. M e a n cur ren t s p e e d a p p e a r e d to vary the mos t a m o n g mic rohab i ta ts used by 
Etheostoma jordani in the di f férent s t reams . 

Tableau I : Condi t ions m o y e n n e s de l'habitat phys ique utilisé par deux e s p è c e s dans 
d e u x r ivières dif férentes e n 1989. Les va leurs m o y e n n e s et les déviat ions 
s t a n d a r d ( e n t r e p a r e n t h è s e s ) s o n t d o n n é e s p o u r les p a r a m è t r e s dont 
l ' i m p o r t a n c e a p e r m i s d e d é f i n i r l es m i c r o h a b i t a t s . L e s d e s c r i p t e u r s 
qual i tat i fs d u microhabi tat sont d o n n é s pour les paramèt res présentant une 
d i f férence entre échant i l lons o c c u p é s et inoccupés pour c h a q u e ruisseau. 

Tab le I : M e a n phys ica l habi tat cond i t ions of m i c r o h a b i t a t s u s e d by t w o spec ies in 
d i f férent s t r e a m s dur ing 1989 . M e a n v a l u e s a n d s t a n d a r d dév ia t ions ( in 
p a r e n t h è s e s ) are repor ted for m i c r o h a b i t a t a t t r ibu tes that w e r e impor tan t 
in de f in ing mic rohab i ta ts . Qua l i ta t ive mic rohab i ta t descr ip to rs are s h o w n 
for a t t r ibutes f o u n d to differ b e t w e e n o c c u p i e d a n d u n o c c u p i e d s a m p l e s 
in each s t ream. 

M e a n (s tandard dév ia t ions) 

of occup ied s a m p l e s 

Spec ies Wate r Cur ren t S u b -

a n d C o v e r dep th ve loc i ty s t ra te 

s tudy s t r eam ( index) (cm) (cm/s) ( index) 

Descr ip to rs of at t r ibutes 

in mul t ivar ia te habi ta t 

mode l ranked by 

order of in f luence 

Lepomis macrochirus (Cent rarch idae) 

Litt le River, No r th 0.7 S low 

(1.9) 

H i l labee C r e e k 76 0.7 3.0 Slow, deep , f ine subst ra te 

(25.8) (1.8) (0.9) 

Terrap in C r e e k 25 23 0.8 3.5 Cover , f ine, s low, sha l low 

(24.7) (6.9) (2.5) (0.8) 

Litt le River, S o u t h 2 6 31 3.8 Cover , sha l low, s low 

(13.6) (9.0) (2.8) 

Etheostoma jordani (Rerc idae) 

Litt le River, No r th 28 50 .3 4.8 Sha l low, coa rse , fas t 

(11.7) (32.1) (0.3) 

H i l labee C r e e k 36 69 .2 4 .4 Fast , coa rse , sha l l ow 

(13.4) (30.5) (0.6) 

U p h a p e e Creek 22 56 .6 3.8 Sha l low, fast , c o a r s e U p h a p e e Creek 
(8.6) (25.9) (0.7) 
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H i g h va r ia t i on in t h e a t t r i bu tes of d is t inc t m i c rohab i t a t s r e m a i n s a p p a r e n t at t h e 
fam i l y level (Table II). A l t hough there is some cons is tency a m o n g impor tan t at t r ibutes (for 
e x a m p l e , w a t e r depth) and qua l i ta t ive descr ip tors (for examp le , sha l low) for spec ies wi th in 
f am i l l e s , t he re appears to b e subs tan t ia l var ia t ion in the f requency that a t t r ibutes a re f ound 
impo r t an t a m o n g s t r eams . Resu l t s by study s t r eam were poo led to p roduce a s u m m a r y by 
f am i l y (Table III). Mos t (85 %) of t he spec ies tes ted were found to o c c u p y a stat ist ical ly 
d is t inc t m ic rohab i ta t . Wa te r dep th w a s most o f ten found to be a key at t r ibute of s t ream f ish 
m i c rohab i t a t s , and the vas t major i ty of popula t ions sensi t ive to dep th w e r e concen t ra ted in 
s h a l l o w water . Cur rent ve loc i ty w a s the second most c o m m o n l y ident i f ied at t r ibute def in ing 
m i c rohab i t a t s , but popu la t i ons of s t r eam fish were m ixed in their o r ien ta t ion to e i ther above 
( f a s t c u r r e n t ) or b e l o w ( s l o w c u r r e n t ) a v e r a g e v e l o c i t i e s . S u b s t r a t e w a s c o m m o n l y 
i n c o r p o r a t e d in spec ies m ic rohab i ta t déf in i t ions, and most subs t ra te-or ien t ing spec ies we re 
c o n c e n t r a t e d in m ic rohab i ta ts w i th coarse g rave l , cobb le and bou lder mater ia l . Cove r w a s 
least o f ten f ound to b e impor tan t , a n d w h e n it was , ail popu la t ions we re concen t ra ted in 
m i c rohab i t a t s with cover. 

T a b l e a u II : R é s u m é d e s t e s t s s t a t i s t i q u e s d e s d i f f é r e n c e s d e m i c r o h a b i t a t e n t r e 
échant i l lons a v e c o u s a n s e s p è c e (g roupées par fami l les ) d e deux d e s 
r u i s s e a u x é t u d i é s . L e s d e s c r i p t e u r s d e s p a r a m è t r e s p e r m e t t a n t d e 
d é f i n i r d e s m i c r o h a b i t a t s d i s t i n c t s o n t é t é r e g r o u p é s p a r f a m i l l e 
( fami l les d o m i n a n t e s ) . Une e s p è c e es t c o n s i d é r é e c o m m e ut i l isant un 
m i c r o h a b i t a t s i u n e M A N O V A p e r m e t d e m e t t r e e n é v i d e n c e u n e 
d i f f é r e n c e s t a t i s t i q u e m e n t s i g n i f i c a t i v e e n t r e les h a b i t a t s o ù e l le e s t 
p r é s e n t e e t c e u x d o n t e l le est a b s e n t e . 

T a b l e II : S u m m a r y o f s t a t i s t i c a l t e s t s of m i c r o h a b i t a t d i f f é r e n c e s b e t w e e n 
s a m p l e s w i th and w i t h o u t a s p e c i e s (g rouped by fami ly ) f r o m t w o select 
s tudy s t r e a m s . Descr ip tors o f those at t r ibutes f o u n d to de f ine d is t inct 
m i c r o h a b i t a t s w e r e ta l l ied by fami ly ( d o m i n a n t fami l les ) . S p e c i e s w e r e 
ident i f ied a s u s i n g a microhab i ta t if there w e r e stat is t ica l ly s ign i f icant 
d i f f é r e n c e s in h a b i t a t b e t w e e n p r é s e n t a n d a b s e n t s a m p l e s u s i n g 
M A N O V A . 

Number Species 

Stream of using a Water Mean current 

and species micro­ depth velocity Cover Substrate 

family tested habitat Deep Shallow Fast Slow Présent None Fine Coarse 

Oakmulgee Creek 
Cyprinidae 10 7 6 3 1 2 
Centrarchidae 1 1 1 1 
Catostomidae 2 1 1 
Percidae 3 3 3 1 1 1 

Hillabee Creek 
Cyprinidae 9 7 1 4 3 1 1 2 
Centrarchidae 4 3 1 3 1 1 
Catostomidae 5 4 3 1 1 
Percidae 5 5 5 1 2 
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Tab leau III : R é s u m é d e s r é s u l t a t s d e s t e s t s s t a t i s t i q u e s d e s d i f f é r e n c e s d e 
microf iab i ta t en t re d e s échant i l lons a v e c et s a n s p o i s s o n s pour tou tes 
les p o p u l a t i o n s r é g u l i è r e m e n t é t u d i é e s ( e s p è c e s par r u i s s e a u ) . Les 
d e s c r i p t e u r s d e s p a r a m è t r e s p e r m e t t a n t d e déf in i r d e s m i c r o h a b i t a t s 
d is t inc ts ont é té r e g r o u p é s par fami l le ( fami l les d o m i n a n t e s ) . 

Table III : S u m m a r y of stat ist ical test resu l ts of m ic rohab i ta t d i f fé rences b e t w e e n 
s a m p l e s w i t h a n d w i t h o u t f i s h f o r a i l c o m m o n l y r e c o r d e d s t u d y 
p o p u l a t i o n s (spec ies by s t u d y s t r e a m ) . D e s c r i p t o r s of t h o s e a t t r ibutes 
f o u n d to de f ine dist inct m i c r o h a b i t a t s w e r e ta l l ied by fami ly . 

Number Popu­
lations 

of using a 

popu- micro-
lations 

Water 

depth 

Mean current 

velocity Cover Substrate 

Family tested habitat Deep Shallow Fast Slow Présent None Fine Coarse 

Cyprinidae 43 36 2 26 6 9 4 3 7 

Centrarchidae 16 14 1 6 11 4 3 2 

Gatostomidae 13 9 3 2 2 6 1 2 1 

Percidae 20 19 14 7 3 2 1 8 

Fundulidae 3 3 3 2 1 

Ictaluridae 4 4 1 3 3 

Cottidae 2 2 1 1 1 

Angulllidae 1 

102 87 6 53 19 31 12 0 9 22 

C l a s s e s of m ic rohab i ta t w e r e ident i f ied (Table IV) by a s s e s s i n g s im i la r i t i es in t h e 
m e a n locat ion of spec ies in habi tat s p a c e (pr inc ipa l c o m p o n e n t s ana lys is ) a n d s imi lar i t ies 
in the impor tan t a t t r ibutes of m ic rohab i ta ts . T h e f ive c lasses of mic rohab i ta t do not include 
ail poss ib le s t r eam habi ta ts , and they we re mos t o f ten de f i ned on the bas is of w a t e r depth 
a n d c u r r e n t s p e e d . C o a r s e subs t ra te a n d c o v e r w e r e impo r t an t fo r s e v e r a l s p e c i e s s o 
c l asses of habi ta t w e r e de f ined wi th thèse qua l i f ies . T h e f ish taxa c o m m o n l y u s i n g thèse 
mic rohab i ta t va r ied great ly and can be rough iy d e s c r i b e d at t he fami ly leve l . 

A total of 271 shorel ine microhabi tat samp les recorded 18,391 f ish of 31 spec ies in the 
C a h a b a River f rom 1988 to 1990, and 188 channe l microhabi ta t samp les recorded 5 4 5 fish of 
29 spec ies dur ing the s a m e years. A total of 4 8 7 microhabi ta t samp les were taken in potent ia l 
n u r s e r y hab i ta t of la rva l f i sh in the C a h a b a R iver d u r i n g 1988 a n d 1989 . T h e s a m p l e s 
recorded 13,666 lan/ae represent ing 12 fami l les of wh ich 6 were c o m m o n l y cap tu red . 

Mos t (69 %) spec ies w e r e f o u n d to use a d is t inct mic rohab i ta t in shore l ine waters of 
t he C a h a b a R iver (Table V ) . Cu r ren t ve loc i t y a n d c o v e r w e r e a t t r ibu tes tha t m o s t of ten 
d e t e r m i n e d mic rohab i ta ts , and the spec ies w e r e abou t even ly d iv ided in the i r or ientat ion to 
c u r r e n t s p e e d s a n d t h e p r é s e n c e or a b s e n c e of c o v e r . S u b s t r a t e w a s t h e n e x t mos t 
c o m m o n l y i m p o r t a n t m i c r o h a b i t a t a t t r i bu te f o l l o w e d by w a t e r d e p t h . T h e r e w e r e c lear 
d i f fé rences in the at t r ibutes and descr ip tors of m ic rohab i ta ts a m o n g years for most fami l les . 
T h e d i scha rge of the C a h a b a River w a s unusua l l y low du r i ng mos t of 1988 b e c a u s e d ry 
w e a t h e r in cent ra l A l a b a m a p r o d u c e d s t r eam f lows less than 25 % of long- te rm ave rages . 
However , s t r eamf lows in most of A l a b a m a a n d the C a h a b a River w e r e we l l a b o v e normal 
dur ing m u c h of the 1989 -1990 per iod due to h igh rég iona l ra infa l l . 
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T a b l e a u IV : Déf in i t ion d e s microhab i ta ts -c lés d a n s les ru isseaux et les r iv ières avec 
les t a x o n s d o m i n a n t s . 

T a b l e IV : Déf in i t ion of key -mic rohab i ta ts in s t reams and r ivers wi th the d o m i n a n t 
f ish taxa . 

Déf in i t ion of 

hab i ta t c lasses Genera l character is t ics of assoc ia ted f ish f auna 

S h a l l o w wa te r (< 35 cm) 

Fas t w a t e r (> 55 cm/s ) 

S l o w wa te r (< 20 cm/s ) 

C o v e r p résen t 

D e e p w a t e r (> 35 cm) 

Fas t w a t e r (> 45 cm/s ) 

S h a l l o w wa te r (< 35 cm) 

S l o w w a t e r (< 35 cm/s ) 

S o m e spec ies of Ic ta lur idae, Perc idae , Co t t idae , and 

h igh numbers of Campostoma spp. (Cypr in idae) 

M a n y spec ies of Cen t ra rch idae and C a t o s t o m i d a e and 

s o m e Cypr in idae and Fundu l idae 

S o m e spec ies of Ca tos tom idae 

Largely spec ies of Cypr in idae 

S h a l l o w wa te r (< 35 cm) 

C o a r s e subs t ra te (gravel 

o r larger) 

M a n y spec ies of Perc idae and Cypr in idae 

M o s t (87 %) spec ies w e r e f o u n d to u s e a dist inct microhabi ta t in channe l w a t e r s of 
t h e C a h a b a R i v e r ( T a b l e V ) . C o v e r was c l e a r l y t h e d o m i n a n t a t t r i b u t e i n f l u e n c i n g 
m ic rohab i t a t use, and ail spec ies or ien t ing to cover w e r e concen t ra ted in mic rohab i ta ts with 
c o v e r . S h a l l o w w a t e r a n d s l o w c u r r e n t s w e r e s o m e t i m e s i m p o r t a n t in m i c r o h a b i t a t 
desc r i p t i ons , and d e e p wa te rs a n d coa rse subst ra te w a s important for two fami l les . 

In po ten t i a l n u r s e r y w a t e r s of the C a h a b a River, c a t o s t o m i d l a r vae w e r e us ing 
s h a l l o w m i c r o h a b i t a t s w i t h v é g é t a t i o n ( T a b l e V I ) . P e r c i d s a n d c e n t r a r c h i d s w e r e 
c o n c e n t r a t e d in s t ructura l ly c o m p l e x microhab i ta ts ( typical ly abundan t w o o d y cover ) . Wi th in 
t h è s e h i g h c o v e r m i c r o h a b i t a t s , p e r c i d s were a s s o c i a t e d w i th t h e d e e p e r w a t e r s , a n d 
c e n t r a r c h i d s w e a k i y a s s o c i a t e d w i t h s low c u r r e n t s a n d st i l l w a t e r s . C y p r i n i d s w e r e 
c o n c e n t r a t e d in sha l l ow m i c r o h a b i t a t s that h a d s low cur ren t a n d v é g é t a t i o n . T h e s ing le 
s p e c i e s of F u n d u l i d a e , Fundulus olivaceus, a n d the on ly Poec i l i i dae , Gambusia affinis, 
w e r e m o r e c o m m o n l y co l lec ted in sha l l ow microhab i ta ts . 

D I S C U S S I O N 

H y p o t h e s i s - b a s e d , s ta t i s t i ca l ana l ys i s of s p e c i e s - h a b i t a t re la t i ons r e v e a l e d new 
i n f o r m a t i o n a b o u t h a b i t a t u s e at t h e loca l s c a l e . W h i l e m o s t s p e c i e s u s e a d i s t i n c t 
m i c r o h a b i t a t , not ai l d o , a n d s i m p l e quan t i f i ca t ion of m ic rohab i t a t use w i th ai l phys i ca l 
a t t r ibu tes wi l l l ikely inc lude un impor tan t in format ion. Of the major i ty of spec ies us ing dist inct 
m i c r o h a b i t a t s , s o m e w e r e v e r y c o n s i s t e n t in t he hab i t a t a t t r i b u t e s t h a t d e f i n e d the i r 
m i c r o h a b i t a t in d i f f é ren t s t r e a m s . N e v e r t h e l e s s , e v e n a m o n g t h è s e s p e c i e s t h e r e is 
s u b s t a n t i a l va r i a t i on in t h e n u m e r i c a l va lues for t h e m ic rohab i t a t s tha t w e r e u s e d . For 
e x a m p l e , Etheostoma jordani m a y c o n s i s t e n t l y be f o u n d in s h a l l o w w a t e r s w i t h fas t 
cu r ren t s a n d cobb le subs t ra tes , but the actual dep ths , current speeds , and subs t ra te mixes 
u s e d in d i f férent s t reams c a n be ve ry dif férent. There fo re , microhabi ta t use a p p e a r s f lex ib le 
e v e n a m o n g the most nar row ly a d a p t e d spec ies so s ing le sets of habi tat cr i ter ia wil l not 



Bull. Fr. Pêche Piscic. (1995) 337/338/339 :165-177 — 175 — 

T a b l e a u V : R é s u m é d e s r é s u l t a t s d e s t e s t s s t a t i s t i q u e s d e s d i f f é r e n c e s d e 
microhab i ta t en t re échan t i l l ons a v e c et s a n s p o i s s o n s , par e s p è c e s et 
par c l a s s e s d e ta i l le r e g r o u p é e s par fami l l e et par m a c r o h a b i t a t . Les 
d e s c r i p t e u r s d e s p a r a m è t r e s p e r m e t t a n t d e déf in ir d e s m i c r o h a b i t a t s 
d is t inc ts ont é té r e g r o u p é s par fami l le . 

Tab le V : S u m m a r y of stat ist ical test resul ts of microhab i ta t d i f fé rences b e t w e e n 
s a m p l e s w i th a n d w i thout f ish by s p e c i e s a n d s ize c l a s s e s g r o u p e d by 
f a m i l y a n d m a c r o h a b i t a t . D e s c r i p t o r s of t h o s e a t t r i b u t e s f o u n d t o 
de f ine dist inct m ic rohab i ta ts w e r e ta l l ied by family. 

Number Species 
Stream of using a Water Mean current 

and species micro­ depth velocity Cover Substrate 

family tested habitat Deep Shallow Fast Slow High Little Fine Coarse 

Shoreline habitat, 1988 
Cyprinidae 12 10 2 5 4 4 
Centrarchidae 4 4 1 1 1 2 1 2 
Catostomidae 2 
Percidae 1 
Fundulidae 1 1 1 1 
Poeciliidae 1 

Shoreline habitat, 1989-1990 
Cyprinidae 10 8 4 1 4 2 1 2 
Centrarchidae 3 2 1 1 2 1 
Catostomidae 2 
Percidae 2 2 1 1 
Poeciliidae 1 

Channel habitat. 1989-1990 
Cyprinidae 1 1 1 
Centrarchidae 3 3 2 3 3 
Catostomidae 4 4 1 2 2 
Clupeidae 2 2 1 1 1 
Sciaenidae 1 1 1 1 
Ictaluridae 1 1 1 1 
Lepisosteidae 2 1 1 
Anguillidae 1 

Tableau VI : R é s u m é des résultats des tests stat ist iques des dif férences d e microhabitat 
entre échanti l lons avec ou sans larves de poissons regroupées par famil les 
d a n s les zones d e c ro issance de la r ivière C a h a b a , A l a b a m a (USA) . Les 
d e s c r i p t e u r s d e s p a r a m è t r e s p e r m e t t a n t d e déf in i r d e s m i c r o h a b i t a t s 
distincts sont indiqués. 

Tab le VI : S u m m a r y of stat ist ical test resul ts of microhab i ta t d i f fé rences b e t w e e n 
s a m p l e s w i th and w i thout fami l les of larval f ish in nursery w a t e r s of t h e 
C a h a b a River, A l a b a m a ( U S A ) . Descr ip to rs of t h o s e a t t r ibutes found to 
de f ine dist inct m ic rohab i ta ts are ind ica ted . 

Water Mean current 
depth velocity Cover Substrate Végétation 

Family Deep Shallow Fast Slow High Little Fine Coarse Présent None 

Cyprinidae \ \ \ 

Centrarchidae \ \ 

Catostomidae \ \ 

Percidae \ \ 

Fundulidae \ 

Poeciliidae \ 



Bull. Fr. Pêche Piscic. (1995) 337/338/339 :165-177 — 176 — 

l ikely s u c c e e d in accura te l y desc r ib ing spec ies microhab i ta ts . In cont rast wi th spec ies like 
Etheostoma jordani. m a n y o ther spec ies used dist inct mic rohab i ta ts in di f férent s t r eams but 
t h e k e y a t t r ibutes a n d ac tua l phys i ca l cond i t ions var ied substant ia l ly . T h è s e spec ies are 
ve r y f l ex ib le in mic rohab i ta t use a n d they r e s p o n d di f ferent ly to m ic rohab i ta t in d i f férent 
s t r e a m env i r onmen ts . Exp la in ing microhab i ta t use in t hèse spec ies will p robab ly rema in a 
c h a l l e n g e for a long t ime. 

A t t h e fami ly level , t rends in microhabi ta t at t r ibutes and descr ip tors suppor t gênera i 
t r e n d s i den t i f i ed in f i sh f auna l b o o k s . For e x a m p l e , mos t da r te rs (Pe rc idae ) are w ide l y 
r e g a r d e d as riffle o r ien ted f ish . In mid-s ized s t r eams , perc ids were most of ten f o u n d to be 
d e p t h a n d cur rent sens i t i ve wi th a heavy concent ra t ion in sha l low wate r and fast cu r ren ts . 
W a t e r d e p t h a p p e a r s t o b e t h e m i c r o h a b i t a t a t t r i b u t e t h a t m o s t o f t e n d e f i n e s f i s h 
d i s t r i b u t i o n s in s t r e a m s . A f t e r w a t e r d e p t h , c u r r e n t v e l o c i t y is f r e q u e n t l y i m p o r t a n t in 
de f i n i ng s p e c i e s mic rohab i ta ts . A l t h o u g h much less impor tant , subs t ra te and cover a re key 
hab i ta t a t t r ibu tes for m a n y spec ies . T h e c o m m o n assumpt ion that mic rohab i ta ts shou ld be 
d e f i n e d us ing dep th , veloci ty , subs t ra te , and cover does not appea r suppo r t ed for s ing le 
s p e c i e s . 

A n a l y s e s of hab i ta t -use pa t te rns across mid-s ized s t reams in the Ta l lapoosa River 
b a s i n iden t i f i ed f ive hab i ta t -use a s s e m b l a g e s w h i c h a p p e a r e d dist inct in m ic rohab i ta t use . 
S o m e s p e c i e s were s t rong ly o r ien ted to cover, and others were restr ic ted to mic rohab i ta ts 
tha t w e r e shal low. Bo th g roups of spec ies w e r e f ound in microhab i ta ts that had cover in 
s h a l l o w w a t e r e v e n t h o u g h o u r s ta t i s t i ca l a n a l y s e s i n d i c a t e d t h e y w e r e u s i n g t h è s e 
m i c r o h a b i t a t s for d i f férent reasons . F r o m this examp le , it is c lear w h y the f ive c lasses of 
m i c r o h a b i t a t c o u l d no t b e d e f i n e d in a n o n - o v e r l a p p i n g m a n n e r . T h e f i ve c l a s s e s of 
m i c r o h a b i t a t w e r e de f i ned to e n c o m p a s s condi t ions that we re impor tant to f ive g roups of 
s p e c i e s tha t used mic rohab i ta t in d i f férent ways . 

T h e f i ve mic rohab i ta t c l asses a re genera l i zed because they w e r e d e v e l o p e d f r om 
s t r e a m s d i f fer ing great ly in morpho logy , hydrology, spec ies compos i t i on , and spec ies- leve l 
u s e of hab i ta t . Consequen t l y , th is s impl i f ied m o d e l of f i sh-microhabi ta t re lat ions d o e s not 
p rec i se l y fit m o s t spec ies d is t r ibu t ions in any s ingle s t r eam. Never the less , the p rocess of 
d e f i n i n g k e y c l a s s e s of hab i ta t f o r c e d the récogn i t i on of n e w proper t ies in the re la t ions 
b e t w e e n f ish a n d habi ta t at the local sca le . First, not ail or even a major i ty of s t ream habi tat 
is i m p o r t a n t to f ish b e c a u s e t h e f i ve c l asses do not inc lude ail hab i ta ts in any s t r e a m . 
S e c o n d , d i v i d i n g s t r e a m h a b i t a t i n to e x c l u s i v e c a t é g o r i e s d o e s no t a p p e a r p o s s i b l e 
b e c a u s e d i f f é ren t s p e c i e s m a y c o - o c c u r by r e s p o n d i n g to d i f fé ren t hab i t a t a t t r i b u t e s . 
W i t h o u t i den t i f y ing w h a t a t t r i bu tes w e r e respons ib l e for s ta t is t ica l ly d is t inc t pa t t e rns in 
m i c rohab i t a t use , it w o u l d not have b e e n poss ib le to recogn ize thèse f ind ings. 

L i k e t h e w a d e a b l e s t r e a m s , m o s t s p e c i e s of f ish i nhab i t i ng la rge r i ve rs u s e d a 
s ta t is t i ca l l y dist inct m ic rohab i ta t in e i ther shore l ine or channe l habi ta ts . Wate r dep th w a s 
not o f ten a key at t r ibute de f in ing microhab i ta ts a l though the s tudy des ign largely fac to red 
ou t w a t e r d e p t h by sepa ra t i ng sha l low, shore l ine wa te rs f rom deep (>1 m) channe l habi ta ts . 
L ike w a d e a b l e s t reams , mic rohab i ta t use was h ighiy var iab le wi th respect to key at t r ibutes 
a n d ac tua l cond i t i ons inhab i ted . C lear var ia t ion in mic rohab i ta t use w a s apparen t a m o n g 
s h o r e l i n e f i shes b e t w e e n pe r iods of ve r y low a n d h igh r iver d ischarge . Consequen t l y , r iver 
v o l u m e a p p e a r s l ikely to i n f l u e n c e the way s p e c i e s r e s p o n d to hab i ta t a n d the ac tua l 
p h y s i c a l c o n d i t i o n s u s e d . M i c r o h a b i t a t s in t h e d e e p , c h a n n e l hab i t a t s w e r e ve r y o f ten 
d e f i n e d by t h e p r é s e n c e of cove r or sub-sur face s t ruc ture . However , s o m e spec ies we re 
f o u n d t o b e concen t ra ted in o p e n wa te r microhab i ta ts whe re s o m e o ther a t t r ibutes w e r e 
m o s t in f luen t ia l . S tudy m e t h o d s w e r e capable of def in ing microhab i ta ts for spec ies in large 
r i vers , a n d t h e f lexibi l i ty of m ic rohab i ta t use w a s aga in f o u n d to b e a c o m m o n proper ty . 

A i l la rva l f ish fami l l es c o m m o n l y recorded in nu rse ry wa te rs of the C a h a b a River 
a p p e a r e d to use a d is t inc t m ic rohab i ta t . The desc r ip t i ve stat ist ics on occup ied smal l -sca le 
s a m p l e s , un ivar ia te tes ts of habi tat assoc ia t ions , and mul t ivar ia te pat tern d isp lay p rov ide 
de ta i l ed d a t a on habitat use . T h e regular occur rence of stat ist ical ly s igni f icant m ic rohab i ta ts 
w i th in t h e s a m p l e d r ange of cond i t i ons suppor ted the déf in i t ion of nursery habi ta t b a s e d on 
a n e s t i m a t e d m a x i m u m c u r r e n t s p e e d . A l t h o u g h t h e r e w e r e u n d o u b t e d i y s o m e l a r v a e 
p a s s i v e l y d r i f t i ng in s a m p l e d m ic rohab i t a t s , t h e f r e q u e n c y tha t l a rvae w e r e s ta t is t i ca l l y 
a s s o c i a t e d w i t h p h y s i c a l hab i t a t a t t r i bu tes i n d i c a t e d a c t i v e o r i e n t a t i o n . T h e r e c u r r i n g 
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impo r tance of s l ia l low, edge mic rohab i ta ts , a n d the p résence of végé ta t ion or w o o d y débr is 
m a y h a v e b e e n a c o n s é q u e n c e of v i s i o n a s t h e d o m i n a n t in i t ia l s e n s é in ea r l y larval 
d e v e l o p m e n t . T h e a v a i l a b i l i t y of g r a d u a l l y s l o p i n g s h o r e l i n e w a t e r s w i t h d é b r i s a n d 
v é g é t a t i o n m a y be i m p o r t a n t fo r p r o v i d i n g n u r s e r y hab i t a t in r i ve rs w i t h o u t e x t e n s i v e 
b a c k w a t e r s a n d o f f -channe l hab i ta ts . T h e de ta i l ed f ind ings repor ted by S C H E I D E G G E R 
a n d B A I N (1995) are t h e f i rst quan t i t a t i ve a n d s ta t i s t i ca l l y -based ana l ys i s of l a rva l f i sh 
m ic rohab i t a t use in r ivers, bu t th is s tudy d id not ful ly e m p l o y the s tudy a p p r o a c h found 
e f f e c t i v e fo r c o m p r e h e n s i v e l y a n a l y s i n g h a b i t a t use in j u v é n i l e a n d a d u l t f i s h . Be t te r 
d e s i g n e d s tud ies of larval f ish m ic rohab i ta ts are n e e d e d to a d v a n c e our k n o w l e d g e of th is 
eco log ica l l y dist inct life s tage. 

In ail s t ream set t ings, f ish appea r h ighiy f lex ib le in mic rohab i ta t use . F ish eco log is ts 
s h o u l d a d v a n c e b e y o n d s imp ly desc r i b i ng hab i ta ts a s s o c i a t e d w i th f ish spec ies . Habi ta t 
use s h o u l d be rega rded as a behav io r that is jus t as f lex ib le as f o o d sé lec t i on b y f i sh . 
U n d o u b t e d i y , the e n v i r o n m e n t a l se t t i ng of f i sh heav i l y i n f l uences the m i c r o h a b i t a t use . 
O t h e r i n f l u e n c e s s u c h as s p e c i e s i n t e r a c t i o n s , f o o d ava i l ab i l i t y , a n d p r é d a t i o n th rea t 
p robab ly ef fect the w a y f ish respond to habi ta t a n d se lec t d ist inct m ic rohab i ta ts . T h e next 
s t e p in f i sh hab i t a t r e s e a r c h wi l l b e to e x p l a i n t h e w i d e v a r i a t i o n in h a b i t a t u s e n o w 
recogn i zed at the local sca le . 


