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

Ce t a r t i c le p a s s e b r i è v e m e n t e n revue les re la t ions ex is tan t en t re la b iod ivers i té d e s 
p e u p l e m e n t s d e p o i s s o n s et leur f onc t i onnemen t é c o l o g i q u e . L a b iod ivers i té et la s t ructure 
d e s p e u p l e m e n t s p e u v e n t ê t r e d é c r i t e s , à l ' éche l l e l o c a l e , e n t e r m e s (1) d e d i ve rs i t é 
phy logéné t i que , (2) d e s t ruc tu re des popu la t i ons , (3) d e s t ra tég ies d é m o g r a p h i q u e s , (4) d e 
d ivers i té m o r p h o l o g i q u e , (5) et d e d ivers i té t r oph ique . Un déf i ma jeu r es t d e dé te rminer les 
r e l a t i o n s q u i e x i s t e n t e n t r e la s t r u c t u r e d e s p o p u l a t i o n s e t d e s p e u p l e m e n t s e t le 
f o n c t i o n n e m e n t d e s p e u p l e m e n t s et des é c o s y s t è m e s . L a s t ruc tu re phy logéné t i que d ' u n 
p e u p l e m e n t résu l te d e l ' in teract ion en t re co lon i sa t i on , ex t inc t ion et évo lu t ion . E n dépit d u 
fait q u e ces fac teu rs opè ren t sur une vas te g a m m e d 'éche l l es spa t ia les e t tempore l les , d e 
g rands p rog rès on t é té réa l isés d a n s la modé l i sa t i on des p r o c e s s u s qui sont à la base d e 
la s t ruc ture géné t i que et phy logéné t i que d e s popu la t i ons et d e s peup lemen ts . L e s m o d e s 
de rep roduc t ion d e s po i ssons son t t rès va r iés , et la dé f in i t ion d e gu i ldes d e reproduct ion e t 
de s t ra tég ies d é m o g r a p h i q u e s pe rme t d e pose r le cad re d a n s lequel les aspec ts s t ruc ture ls 
e t f o n c t i o n n e l s p e u v e n t ê t re é t u d i é s . D e s é t u d e s t h é o r i q u e s et e m p i r i q u e s me t t en t e n 
é v i d e n c e d e f o r t e s r e l a t i o n s e n t r e l e s s t r a t é g i e s d é m o g r a p h i q u e s , l e s v a r i a t i o n s 
e n v i r o n n e m e n t a l e s e t la d y n a m i q u e des popu la t i ons . Les po i ssons p résen ten t u n e g rande 
d ivers i té m o r p h o l o g i q u e qu i , à l 'échel le du p e u p l e m e n t , t e n d à a u g m e n t e r avec la r ichesse 
spéc i f ique . D e s re la t ions rel iant la mo rpho log ie et l 'éco log ie , en t e r m e s d e fonc t ion et d e 
p e r f o r m a n c e d a n s l ' u t i l i sa t ion d u m i l i e u , o n t é té é t a b l i e s , m a i s d a n s c e r t a i n s cas , l es 
t e n d a n c e s p r é d i t e s s o n t m a s q u é e s pa r d e s b ia i s d ' é c h a n t i l l o n n a g e et la f lex ib i l i té d u 
c o m p o r t e m e n t e n r é p o n s e à la var iab i l i té e n v i r o n n e m e n t a l e . Le s p e c t r e des s t ra tég ies 
t r oph iques m a n i f e s t é p a r les po i ssons es t la rge , a u n i v e a u in te r -spéc i f ique , ma is é g a l e m e n t 
souven t a u n i veau in t ra -spéc i f ique , par t i cu l iè rement du ran t l ' on togenèse . La s t ruc tura t ion 
en g u i l d e s t r o p h i q u e s es t p lus c o m p l e x e d a n s les p e u p l e m e n t s c o m p r e n a n t b e a u c o u p 
d 'espèces . Le pa r tage d e s ressources a l imen ta i res es t g é n é r a l e m e n t percept ib le q u a n d les 
rég imes sont e x a m i n é s sur une pér iode d e t e m p s s u f f i s a m m e n t l ongue pour g o m m e r les 
var ia t ions d e d ispon ib i l i té des ressources . L a s t ruc tu re e t le f o n c t i o n n e m e n t d e s réseaux 
t r o p h i q u e s es t v a r i a b l e d a n s l ' e s p a c e et d a n s le t e m p s , e t d e s m a i l l o n s b i o t i q u e s et 
ab io t i ques p e u v e n t ê t re f o r t emen t a f fectés pa r les p o i s s o n s . L a ges t i on d e s p e u p l e m e n t s 
de po i ssons a u se in d ' u n e b iosphè re en mod i f i ca t i on nécess i t e d e s in fo rmat ions accrues 
sur les l iens ex i s tan t en t re la d ivers i té b io log ique et l 'habi tat , une mei l leure conna i ssance 
d e s f a c t e u r s q u i s o n t à l ' o r i g ine d e s t e n d a n c e s o b s e r v é e s , e t le d é v e l o p p e m e n t d e 
m o d è l e s qu i p réd i sen t les re la t ions ent re s t ruc tu re et f o n c t i o n n e m e n t éco log ique . 

T H E S T R U C T U R A L A N D F U N C T I O N A L A S P E C T S O F F I S H D I V E R S I T Y . 

S U M M A R Y 

T h i s p a p e r b r i e f l y r e v i e w s r e l a t i o n s h i p s b e t w e e n f i s h b i o l o g i c a l d i v e r s i t y a n d 
eco log ica l f unc t i on . Loca l b iod ivers i ty and c o m m u n i t y s t ruc tu re can be v i e w e d in terms of 
(1) p h y l o g e n e t i c d i v e r s i t y , ( 2 ) p o p u l a t i o n s t r u c t u r e , (3 ) l i f e - h i s t o r y s t r a t é g i e s , ( 4 ) 
m o r p h o l o g i c a l d i v e r s i t y , a n d (5) t r o p h i c d i v e r s i t y . A m a j o r c h a l l e n g e is to d é t e r m i n e 
re la t ionsh ips b e t w e e n popu la t i on / commun i t y s t ruc tu re a n d c o m m u n i t y / e c o s y s t e m funct ion. 
P h y l o g e n e t i c c o m m u n i t y s t r uc tu re is d e r i v e d f r o m t h e i n te rac t i on b e t w e e n co lon i za t i on , 
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ex t i nc t i on , a n d évo lu t ion . Desp i te the tac t that t hèse factors opera te over a b road spec t rum 
of s p a t i a l a n d t e m p o r a l s c a l e s , g r e a t p r o g r e s s h a s b e e n a c h i e v e d in m o d e l i n g t h e 
p r o c e s s e s g i v i n g r ise to g e n e t i c / p h y l o g e n e t i c s t ruc tu re . F ish r e p r o d u c t i v e m o d e s va ry 
g rea t ly , a n d reproduc t i ve gu i ids a n d l i fe-history s t ra tég ies p rov ide f r a m e w o r k s that permi t 
a n a l y s i s of s t ruc ture a n d func t i on . T h e o r y and empi r ica l s tudy reveal s t rong re la t ionsh ips 
b e t w e e n l i fe -h is to ry , e n v i r o n m e n t a l va r i a t i on , a n d p o p u l a t i o n d y n a m i c s . F i shes d i sp lay 
g r e a t m o r p h o l o g i c a l va r i a t i on , a n d at t h e c o m m u n i t y - l e v e l , m o r p h o l o g i c a l d ivers i f i ca t ion 
t e n d s to i nc rease w i th s p e c i e s r i chness . Re la t ionsh ips b e t w e e n morpho logy , mechan i ca l 
f u n c t i o n , a n d eco log ica l p e r f o r m a n c e h a v e been es tab l i shed, but in s o m e c a s e s p red ic ted 
pa t t e rns h a v e been o b s c u r e d by s a m p l i n g l imitat ions or by behav io ra l f lexibi l i ty in response 
to e n v i r o n m e n t a l var ia t ion . A g rea t b read th of feed ing s t ra tég ies ex is ts a m o n g and of ten 
w i th in f i sh spec ies , par t icu lar ly du r i ng ontogeny. Gui ld s t ructure is mo re comp lex in more 
s p e c i e s - r i c h c o m m u n i t i e s , a n d f o o d p a r t i t i o n i n g g e n e r a l l y é m e r g e s w h e n d i e t s a r e 
e x a m i n e d o v e r t ime intervais suf f ic ient ly long to bracket f luc tuat ions in resource supp l ies 
a n d d e m a n d . F o o d - w e b s t ruc tu re a n d funct ion vary over t ime and s p a c e , and f ishes can 
s t r o n g l y a f fec t both b io t ic a n d ab io t i c c o m p o n e n t s of aqua t i c Systems. M a n a g e m e n t of 
f i s h e s in a c h a n g i n g b i o s p h è r e requ i res fur ther d o c u m e n t a t i o n of d ivers i ty in re la t ion to 
hab i ta t , i m p r o v e d unde rs tand ing of fac to rs caus ing obse rved pat terns , a n d d e v e l o p m e n t of 
m o d e l s tha t pred ic t re la t ionsh ips b e t w e e n the é l é m e n t s of eco log ica l s t ruc tu re and func t ion . 

R E L A T I N G T A X O N O M I C D I V E R S I T Y T O E C O L O G I C A L D I V E R S I T Y 

T h e r e is no s imp le f o rmu la t i on for the re la t ionsh ip b e t w e e n t a x o n o m i c d ivers i ty and 
e c o l o g i c a l d i ve rs i t y . I n d e e d , b o t h t a x o n o m i c d i ve rs i t y a n d e c o l o g i c a l d i v e r s i t y c a n b e 
d e f i n e d in d i f fé rent w a y s . O b v i o u s i y o n e can v iew b iod ive rs i t y at d i f fé rent leve ls of the 
t a x o n o m i c h i e r a r c h y ( = p r e s u m p t i v e p h y l o g e n y ) tha t r a n g e f r o m b io l og i ca l k i n g d o m s to 
i nd i v i dua l o r g a n i s m s . Eco logy has a long history of e m p h a s i z i n g spec ies as the uni ts of 
a n a l y s i s , a l t h o u g h récen t r esea rch revea ls g rea ter obse rvance of t he in f luence of h igher 
( e . g . , g u i l d s , S I M B E R L O F F & D A Y A N , 1991 ; t r ophospec ies , Y O D Z I S , 1993) and lower 
( e .g . , m e t a p o p u l a t i o n s , H A N S K I & G I L P I N , 1991 ; ind iv idual d i f fé rences, D E A N G E L I S & 
G R O S S , 1 9 9 2 ) l e v e l s of t a x o n o m i c r e s o l u t i o n on e c o l o g i c a l p h e n o m e n a . T h e m o r e 
c h a l l e n g i n g p r o b l e m is to i den t i f y p a t t e r n s a n d p r o c e s s e s tha t d i r ec t i y l ink t a x o n o m i c 
d i ve rs i t y to eco log ica l s t ruc tu res a n d funct ions. To a very great ex tent , th is rep resen ts the 
p r i m a r y c h a l l e n g e o f m o d e m c o n s e r v a t i o n b i o l o g y . H o w m u c h b i o d i v e r s i t y s h o u l d be 
m a i n t a i n e d , a n d at w h a t leve l of t a x o n o m i c reso lu t i on? B io log is ts h a v e b e g u n d e b a t i n g 
p h y l o g e n e t i c c r i t e r i a f o r e s t a b l i s h i n g c o n s e r v a t i o n p r io r i t i es b a s e d o n an e v o l u t i o n a r y 
p e r s p e c t i v e ( D I Z O N et al., 1 9 9 2 ; V A N E - W R I G H T et al., 1991) , h o w e v e r , to d a t e , th is 
d e b a t e h a s scarce ly b e e n e x t e n d e d to phy logenet ic cr i ter ia based o n the pe rspec t i ve of 
e c o l o g i c a l s t ruc tu re a n d func t ion ( W A L K E R , 1992) . Current ly , there is g rea t in terest in the 
m a i n t e n a n c e of e c o s y s t e m integr i ty b a s e d on spec ies as funct iona l t a x o n o m i c uni ts. G iven 
tha t b io log i ca l d ivers i ty is dec l in ing a n d conserva t ion resources a re i nadéqua te , shou ld w e 
d e v e l o p c o n c e p t u a l f r a m e w o r k s to rank spec ies based on thei r func t iona l s ign i f i cance and 
r e d u n d a n c y for e c o s y t e m s ? 

W h a t is t a x o n o m i c d i v e r s i t y ? P h y l o g e n e t i c d i ve rs i t y c a n b e v i e w e d a t d i f f é ren t 
s c a l e s of reso lu t ion b a s e d on a sé r ies of nes ted c lades . At a g iven sca le of phy logenet i c 
r e s o l u t i o n , d i v e r s i t y c a n b e c a l c u l a t e d by a v a r i e t y of a l g o r i t h m s t o g i v e a n i n d e x of 
i n f o r m a t i o n con ten t . M o s t c o m m o n l y , biologist repor t the S h a n n o n - W e i n e r index (H') b a s e d 
o n s p e c i e s a s t h e p h y l o g e n e t i c un i t s . O f c o u r s e , spa t i a l a n d t e m p o r a l s c a l e s m u s t b e 
d e l i m i t e d in add i t ion to phy logene t i c sca le . Phy logenet ic pa t te rns o f ten c a n be pred ic ted 
o v e r t i m e ( fo l low ing d i s t u r b a n c e s , in response to ep isod ic rec ru i tment ) a n d a c r o s s both 
la rge ( i n te r rég iona l , r iver zona t i on , product iv i ty g rad ien ts ) and sma l l (m ic ro- , meso-hab i ta ts ) 
spa t i a l s c a l e s . 

W h a t is e c o l o g i c a l d i v e r s i t y ? L i ke p h y l o g e n e t i c d i ve rs i t y , e c o l o g i c a l d i v e r s i t y is 
v i e w e d a c r o s s di f férent sca les of s p a c e , t ime, a n d resolut ion of func t iona l un i ts . Funct iona l 
e c o l o g i c a l un i t s m igh t i nc l ude e c o m o r p h o l o g y , l i fe-h is tory s t ra tég ies , a n d t roph ic gu i lds . 
E x a m i n a t i o n of e c o m o r p h o l o g i c a l var ia t ion has improved k n o w l e d g e of t he s t ruc ture and 
f u n c t i o n of f i sh p o p u l a t i o n s a n d a s s e m b l a g e s (GATZ , 1979 ; K E A S T & W E B B , 1966 ; 
M E Y E R , 1 9 9 0 ; W I N E M I L L E R , 1991) . Compa r i sons of l i fe-history a t t r ibutes permi t not on ly 
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the o rd ina t ion of eco log ica l s y n d r o m e s , but a iso a l low dé te rm ina t i on of d e m o g r a p h y and 
responses of popu la t ions to env i ronmenta l var ia t ion ( B A L O N , 1975 ; VAN W I N K L E et al., 
1993 ; W I N E M I L L E R & R O S E , 1992). ObviousIy, ail o rgan i sms mus t obta in food and avoid 
becoming the food of another, in order to persist and reproduce . Troph ic gui lds and food-web 
s t ruc ture p rov ide add i t iona l m e a n s for e x a m i n i n g eco log i ca l s t ruc tu re a n d func t ion at the 
commun i t y level ( W I N E M I L L E R , 1990 ; W I N E M I L L E R & P IANKA, 1990) . In addi t ion, studies 
of a l te rna t i ve f e e d i n g s t ra tég ies has revea led eco log ica l s t ruc tu re w i th in f ish popu la t ions 
( E H L I N G E R & W I L S O N , 1988 ; H O R I , 1991 ; K O R N F I E L D et al., 1982 ; L IEM, 1980). 

T h e re la t ionsh ip b e t w e e n taxonomic a n d eco log ica l d ivers i ty has been an issue of 
c o n t e n t i o n s i n c e t h e b e g i n n i n g s of e c o l o g y a s a s c i e n c e . T h e p r é d o m i n a n t ea r l y v iew, 
s u m m a r i z e d by D O B S H A N S K Y ( 1 9 5 0 ) a n d la ter by O D U M ( 1 9 6 9 ) a n d M A C A R T H U R 
(1972) , e q u a t e d g rea te r spec ies d ivers i ty wi th g rea te r compé t i t i on a n d grea ter e c o s y s t e m 
stabil i ty, matur i ty , a n d ef f ic iency. MAY (1972) c h a l l e n g e d this w ide l y -he ld v iew wi th model 
resul ts that s h o w e d g rea te r spec ies r ichness ac tua l l y r e d u c e s local stabil i ty. May 's results 
we re later cha l l enged b a s e d on fur ther m o d e l i n g ( D E A N G E L I S , 1975 ; H A Y D O N , 1994 ; 
L A W L O R , 1978 ; N E W M A N & C O H E N , 1986) , a n d a l te rna t i ve déf in i t ions of s tabi l i ty were 
exp lo red ( P I M M , 1979) . A t t h e s a m e t i m e , equ i l i b r i um m o d e l s of s p e c i e s d ive rs i t y were 
j o i ned by m o d e l s b a s e d on success i ona l d y n a m i c s f o l l ow ing d i s t u rbance w i th m a x i m u m 
s p e c i e s d i v e r s i t y o c c u r r i n g at n o n e q u i l i b r i u m p o p u l a t i o n d e n s i t i e s ( C O N N E L L , 1978 ; 
D E A N G E L I S & W A T E R H O U S E , 1987 ; HOLT, 1984 ; H U S T O N , 1979 ; S O U S A , 1984) . T h e 
concep t of d y n a m i c s p e c i e s d ivers i ty has ga ined m u c h suppo r t in récent yea rs , par t icu lar ly 
a m o n g t h o s e w o r k i n g w i t h v é g é t a t i o n ( S H U G A R T , 1 9 8 4 ) , i n t e r t i d a l ( M E N G E & 
S U T H E R L A N D , 1987) , reef ( S A L E , 1978) , a n d s t r e a m c o m m u n i t i e s ( R E I C E , 1994 ; R E S H 
et al., 1 9 8 8 ) . Ye t m u c h of t h e é v i d e n c e in s u p p o r t of t h e i n t e r m e d i a t e d i s t u r b a n c e 
hypo thes is a n d o the r m o d e l s of d y n a m i c spec ies d ivers i ty is indi rect and on ly imp l ies direct 
causa l m e c h a n i s m s . Spat ia l sca le is aIso an impor tan t fac to r that dé te rm ines t axonomic 
a n d e c o l o g i c a l d i v e r s i t y ( H A N S K I , 1 9 8 2 ; R I C K L E F S , 1 9 8 7 ; W I L S O N , 1 9 9 2 ) . T h e 
e m e r g i n g f i e ld of m a c r o e c o l o g y s e e k s p a t t e r n s in e c o l o g i c a l s t r u c t u r e a c r o s s v a r i a b l e 
spat ia l sca les ( B R O W N & M A U E R , 1989) . In add i t i on , the rôle of h is tor ical b i ogeog raphy 
has not o f ten b e e n expl ic i t ly cons ide red w h e n ana l yz i ng eco log ica l s t ruc ture ( G O R M A N , 
1992 ; T A Y L O R & G O T E L L I , 1994) . 

A m o d e l tha t l inks t a x o n o m i c d ivers i ty w i th eco log ica l d ivers i ty u l t imate ly m u s t factor 
in the major in f luence of h is tory (F ig . 1). T h e s tage for local t a x o n o m i c d ivers i ty is set by the 
h i s to ry of b i o g e o g r a p h y a m d résu l t an t e c o l o g i c a l i n t e r a c t i o n s , b o t h b io t i c a n d ab io t i c 
e n v i r o n m e n t a l c o m p o n e n t s ( S H M I D A & W I L S O N , 1 9 8 5 ) . T a x o n o m i c d i v e r s i t y t h e n 
dé te rm ines the cas t of pe r fo rmers to be v i e w e d in the eco log ica l thea te r of the evo lu t ionary 
p lay ( H U T C H I N S O N , 1965) . Eco log ica l d ivers i ty c a n be v i e w e d as a sér ies of eco log ica l 
ac ts , or concep tua l f r a m e w o r k s for v i ew ing s t ruc tu re and func t i on . In ac tua l fact , nature 's 
eco log ica l theater , s tages , cas ts of pe r fo rmers , a n d ac ts a re u n k o w n to h u m a n observers ; 
t he eco log i s t m e r e l y sc r i p t s d i f fé ren t v e r s i o n s b a s e d o n d i f fé ren t o p e r a t i o n a l un i t s a n d 
déf in i t ions and sca les of reso lu t ion . 

C O M P O N E N T S A N D C O N S E Q U E N C E S O F E C O L O G I C A L S T R U C T U R E 

In order to persist , ail o rgan isms and their d e s c e n d a n t s must ach ieve at least some 
success in the acquis i t ion of nutr i t ion, g rowth , surv iva l , a n d reproduct ion . There fore , it is quite 
natura l tha t eco log i s t s a t t e m p t to ident i fy s t r uc tu re in f a c t o r s re la t ing to f e e d i n g , habi tat 
ut i l izat ion, morpho logy , a n d reproduct ion in addi t ion to t axonomic or phy logenet ic diversity. 

P h y l o g e n e t i c d ivers i ty 

W i t h i n a g i v e n g e o g r a p h i c a l r é g i o n , p h y l o g e n e t i c d i v e r s i t y is d e t e r m i n e d by a 
combina t ion of histor ical a n d con tempora ry eco log ica l fac tors (F ig . 1). Phy logenet ic affi l iations 
h a v e b e e n d o c u m e n t e d f r o m s c a l e s r a n g i n g f r o m a s s e m b l a g e s of m e s o - h a b i t a t s 
( M A T T H E W S et al., 1994) in local commun i t i es to rég iona l i ch thyo faunas ( R O B E R T S , 1975 ; 
L E V E Q U E et al., 1990 , L U N D B E R G , 1993) . At t h e loca l s c a l e , c o n t e m p o r a r y eco log ica l 
f a c t o r s , ra ther t h a n h is to r i ca l f a c t o r s , a r e of p r i m a r y i n te res t , a l t h o u g h ba r r i e rs t o loca l 
d ispersa i have p l a y e d a key rôle in s o m e c a s e s ( E N D L E R , 1982) . Local ly , f ish responses to 
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Eléments of the Ecological Theater 

Set the Stage^ 

History 

Ecological Interactions 
Habitat Associations 
Biogeograpliy 

Perform the Act 

Taxonomic Diversity 

Phylogenetic Diversity 
Régional, Local Richness 

Local H'= -Zpj-log(pj) 

Ecological Diversity 

Morphological Diversity 
Life-History Diversity 
Trophic Diversity 

Détermine the Players 

F i g u r e 1 : L e « t h é â t r e é c o l o g i q u e » : r e l a t i o n s e n t r e l e s f a c t e u r s h i s t o r i q u e s , 
t a x o n o m i q u e s et é c o l o g i q u e s q u i c o n c o u r e n t à la m i s e e n p l a c e d e la 
b iod ivers i té . 

F i g u r e 1 : E l é m e n t s o f t h e « e c o l o g i c a l t h e a t e r » : c a u s a l r e l a t i o n s h i p s b e t w e e n 
h i s t o r i c a l f a c t o r s , t a x o n o m y , a n d e c o l o g y t h a t c r e a t e p a t t e r n s o f 
b iodivers i ty . 

p h y s i c a l a n d biot ic env i r onmen ta l var ia t ion resu l ts in a subd iv is ion or f i l ter ing of rég ional 
t a x o n o m i c p o o l s i n t o n e s t e d s u b s e t s at s u c c e s s i v e l y s m a l l e r s p a t i o t e m p o r a l s c a l e s 
( K O D R I C - B R O W N & B R O W N , 1 9 9 3 ; M A H O N , 1984 ; M A T T H E W S , 1986 ; M E R O N A , 
1 9 8 1 ; T O N N & M A G N U S O N , 1 9 8 2 ; W I N E M I L L E R & LES IE , 1992) . 

F i shes prov ide a rich sou rce of mater ial for the invest igat ion of phy logenet ic s t ructure 
in eco log i ca l Systems. T h e évo lu t ion of pt iy logenet ic diversi ty is b e y o n d the s c o p e of this 
paper . A s a g roup , f i shes h a v e m u c h to cont r ibute to the s tudy of phy logenes i s . A m o n g 
ve r t eb ra tes , f reshwate r f i shes a n d m a n y demsera l and reef -assoc ia ted mar ine f i shes exhibi t 
s t rong b iogeograph ica l pa t te rns d u e to l imited capabi l i t ies to d isperse ac ross barr iers such 
as w a t e r s h e d d iv ides, es tua r ies , a n d is thmuses (e .g . , AV ISE , 1992 ; G O L D et al., 1993 , 
M A Y D E N , 1992) . In t he we l l - known c a s e of c ich l id spec ies f locks in A f r i can Iakes, s t rong 
hab i ta t af f in i t ies a n d poss ib ly s e x u a l sé lect ion in cer ta in spec ies m a y resui t in reproduct ive 
iso la t ion w i th in a s ingle Iake bas in (DOMINEY, 1984 ; M E Y E R , 1993 ; M E Y E R et al., 1990 ; 
W I T T E , 1984) . H o m i n g behav io r by d iad romous f ishes can resuit in spat ia l s t ructur ing and 
gene t i c d i ve rgence w i th in spec ies ( M A Y et al., 1975) . 

P o p u l a t i o n d ivers i ty 

P o p u l a t i o n s t ruc ture c a n be v i e w e d in m a n y dif férent w a y s . T h e mos t obv ious a re the 
l i fe t a b l e a t t r i b u t e s : s i z e d i s t r i b u t i o n , âge d i s t r i b u t i o n , a n d s e x ra t i o . G e n o t y p i c a n d 
p h e n o t y p i c v a r i a t i o n a n d m a t i n g Systems p r o v i d e a d d i t i o n a l é l é m e n t s o f p o p u l a t i o n 
d ivers i ty . Var ia t ion in t he use of s p a c e by ind iv iduals y ie lds me tapopu la t i on s t ruc ture a n d 
res iden t / vag ran t in teract ions in terr i tor ia l Systems. 
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T h e c o n s é q u e n c e s of life tab le va r i a t i on on p o p u l a t i o n d y n a m i c s a re w e l l - k n o w n , 
t h e r e f o r e on ly a br ie f e x a m p l e of the i n f l uence of m é t a p o p u l a t i o n s t ruc tu re on popu la t i on 
d y n a m i c s is o f fe red he re . M a n y f ish p o p u l a t i o n s v e r y o b v i o u s i y a re s u b d i v i d e d in space 
a n d / o r t ime . F ish p o p u l a t i o n s i nhab i t i ng l o w l a n d r iver Systems a re pe r iod i ca l l y s u b d i v i d e d 
in to loca l s u b u n i t s w i t h i n f l o o d p l a i n l a g o o n s a n d la ter r e u n i t e d w i t h c o n s p e c i f i c s f rom 
o t h e r s u b u n i t s d u r i n g a n n u a l f l o o d s ( J U N K et al., 1 9 8 9 ; W E L C O M M E , 1 9 7 9 ) . Mos t 
s t r e a m f i sh p o p u l a t i o n s a r e s u b d i v i d e d in to hab i t a t s u b u n i t s w i t h v a r i a b l e a m o u n t s o f 
m ig ra t i on b e t w e e n t h e m (ELL IOT , 1 9 8 7 ; F R A S E R & C E R R I , 1 9 8 2 ; M A T T H E W S et al., 
1 9 9 4 ; S C H L O S S E R , 1 9 8 2 ) . P U L L I A M ' s ( 1 9 8 8 ) B I D E m o d e l m a y b e p a r t i c u l a r l y 
a p p r o p r i a t e f o r s t r e a m f i s h p o p u l a t i o n s s u b d i v i d e d by m e s o h a b i t a t s . T h e s i t ua t i on is 
e n v i s i o n e d in w h i c h s e v e r a l poo l s u b u n i t s of a m i n n o w p o p u l a t i o n h a v e a low level of 
m i g r a t i o n b e t w e e n t h e m du r i ng pe r i ods of n o r m a l s t r e a m d i s c h a r g e (F ig . 2) . Fo l l ow ing 
P u l l i a m , a s o u r c e un i t h a s a pos i t i ve rate of i n c r e a s e w i t h t h e b i r th rate (b) e x c e e d i n g the 
d e a t h ra te (d) , a n d a s ink uni t has a n é g a t i v e ra te of i n c r e a s e w i th b < d . F igu re 2 dep ic ts 
a s i tua t ion in w h i c h re la t i ve ly la rge m i n n o w d e n s i t i e s in la rge poo l s con ta i n i ng p reda to rs 
(#2 , 3) a re en t i re ly d é p e n d e n t on m ig ra t i on f r o m a s m a l l e r s u b u n i t in a p reda to r - f r ee poo l 
(#1 ) . A s P u l l i a m c a u t i o n e d , i n t e rp ré ta t i ons of c r i t i ca l r e s o u r c e s a n d b io t i c i n te rac t i ons 
b a s e d on f ie ld s a m p l i n g c o u l d b e s t r o n g l y s k e w e d w i t h o u t k n o w l e d g e of s o u r c e - s i n k 
m é t a p o p u l a t i o n d y n a m i c s in s u c h s i t ua t i ons . 

d N / d t = N((Ibj) + (Iij)-(Idj)-(Iej)) 

F igure 2 : D e s c r i p t i o n h y p o t h é t i q u e d e la d y n a m i q u e d ' u n e m é t a p o p u l a t i o n d 'une 
e s p è c e s o u m i s e à la préda t ion d a n s les m o u i l l e s . L ' a b o n d a n c e d a n s les 
z o n e s d é f i c i t a i r e s ( b < d ) s u i t e à u n e f o r t e m o r t a l i t é par p r é d a t i o n (2 ,3 ) 
d é p e n d d e la d y n a m i q u e d a n s d e s pe t i tes m o u i l l e s s a n s prédateur . 

F igure 2 : P o t e n t i a l m é t a p o p u l a t i o n d y n a m i c s o f a p o o l - d w e l l i n g s t r e a m f i s h 
v u l n é r a b l e t o p o o l - d w e l l i n g p r e d a t o r s . A b u n d a n c e s of s i n k s u b u n i t s in 
p r e d a t o r - r i c h p o o l s ( 2 , 3 ) a r e d é p e n d e n t u p o n d y n a m i c s of a s m a l l e r 
s o u r c e s u b u n i t in a predator - f ree poo l (1 ) . 

P o o l 
No 

P r e d a t o r s 
L a r g e 
P o o l 
w i t h 

P r e d a t o r s 

L a r g e 
P o o l 
w i t h 

P r e d a t o r s 
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Li fe -h is tory d ivers i ty 

Re la t i ve to c o m p a r a b l e h ighe r taxa, f i s h e s s h o w an a w e s o m e a r ray of l i fe-h is tory 
a t t r ibutes that prov ides a bas is for identifying eco log ica l s tn jc ture. Clutch s izes range f rom a 
low of o n e in certain sha rks and the coe lacanth (Latimeria chuimnae) to over 6 x 1 0 ° in the 
o c é a n s u n f i s h (Mola mola). Mos t spec ies h a v e large in t raspec i f ic va r ia t ion in l i fe-h is tory 
a t t r ibu tes (e .g . , s ize and â g e at matur i ty, growth rate, fecundity, egg mass , and longevi ty) . 
F ish reproduc t i ve gui lds have been cons tn jc ted based on spawn ing habitat, me thod of egg 
dépos i t i on , a n d mode of parenta l ca re ( B A L O N , 1975). Gui lds range f rom egg-scat terers wi th 
e x t e r n a l f e r t i l i za t i on a n d g r o u p s p a w n i n g , t o o v o v i v i p a r i t y w i t h i n te rna i f e r t i l i z a t i on , to 
b ipa ren ta l nest guard ing . Fo l low ing Balon's s c h e m e , the phys io log ica l eco logy of ear ly life 
s t a g e s a n d parenta l reproduct ive st ratégies largely dé termine the success of f ish populat ions 
in a g i ven habi tat . 

L i fe-history s t ratégies resuit f r om trade-offs a m o n g attr ibutes that have ei ther direct or 
ind i rec t e f fects on reproduct ion a n d f i tness. Compara t i ve l i fe-history s tud ies of f ishes have 
ident i f ied v e r y s imi lar l i fe-history syndromes ( K A W A S A K I , 1980 ; M A H O N , 1984 ; PAINE, 
1 9 9 0 ; W I N E M I L L E R , 1 9 8 9 a ; W I N E M I L L E R & R O S E , 1992 ; W O O T T O N , 1984) . T h r e e 
p r ima ry l i fe-history s t ra tég ies def ine the endpoints of a gradient der ived f rom compar i sons of 
d i ve r se eco log ica l a n d taxonomic groupings of f ishes Worldwide (Fig. 3). Per iodic-strategists 
h a v e d e l a y e d maturat ion at in termedia te or large s izes, produce large c lu tches of smal l eggs , 
t e n d to have short reproduct ive seasons , and tend to have rapid larval and f i rst-year growth 
ra tes . Oppor tun is t ic -s t ra teg is ts ma tu re ear ly at smal l s izes, produce smal l to méd ium c lu tches 
of sma l l e g g s , and have long reproduct ive seasons wi th mult iple spawn ing bouts . Equi l ibr ium-
s t ra teg is ts t end mature at smal l or m é d i u m s izes , p roduce relatively smal l c lu tches of large 
e g g s , h a v e parenta l care , a n d of ten have a protracted reproduct ive season . 

Per iod ic-s t ra teg is ts rece ive t w o benef i ts f rom delay maturat ion and large adul t body 
s i z e : c a p a c i t y to p r o d u c e la rge c l u t c h e s , a n d e n h a n c e d adu l t surv iva l du r i ng pe r i ods of 
s u b o p t i m a l env i ronmenta l cond i t ions , l ike winter. F ishes with large c lu tches f requent ly have 
s y n c h r o n o u s s p a w n i n g tha t co ïnc ides either w i t h migra t ion into favo rab le hab i ta ts or w i th 
f avo rab le per iods wi th in the tempora l cyc le of t h e env i ronment . Mar ine f ishes cope wi th large-
sca le spat ia l heterogenei ty in the mar ine pelagic env i ronment by produc ing huge numbers of 
t iny o f fspr ing , at least s o m e of wh i ch thrive o n c e favorab le locat ions are encoun te red . O n 
a v e r a g e , l a r v a l s u r v i v a l is e x t r e m e l y low a m o n g h i g h i y f e c u n d f i s h e s in t h e m a r i n e 
e n v i r o n m e n t , a n d the ave rage larva per ishes dur ing the first 1-2 weeks pos tha tch . Rap id early 
g r o w t h resul ts f rom success fu i e x o g e n o u s feeding by the few surv ivors that encoun te r areas 
of re lat ive ly h igh resource densi ty. 

A t h i g h e r la t i tudes, s p a t i o t e m p o r a l env i r onmen ta l va r ia t ion is cyc l ic . Pe r iod ic - t ype 
f i shes c a n explo i t pred ic tab le pat terns in t ime by re leasing large numbers of p rogeny in phase 
w i th per iods hav ing cond i t ions favorab le for larval g rowth and surv ival . Sé lec t ion shou ld favor 
phys io log ica l m e c h a n i s m s that e n h a n c e a fish's abil ity to detect eues that predict seasona l 
c y c l e s (e .g . , pho tope r i od , a m b i e n t t empéra tu re , so lu té concent ra t ions) . In t rop ica l mar ine 
pe lag ic habi ta ts , large-scale var ia t ion in space may represent a per iodic s ignal as s t rong as 
t h e s e a s o n a l var ia t ion at t empora le lat i tudes. Researc f i in physical oceanography has shown 
p a t c h y d i s t r i bu t i ons for a va r i e t y of phys ica l p a r a m e t e r s (sal ini ty, t e m p é r a t u r e ) , p r ima ry 
p r o d u c t i o n , a n d zoop lank ton due to upwel l ings, gyres, convergence zones , and other cur rents 
(e .g . , M C C A L L , 1990 ; S I N C L A I R , 1988) . 

M a n y p e r i o d i c - t y p e f i s h e s a r e m i g r a t o r y . A n a d r o m o u s A m e r i c a n s h a d (Alosa 
sapidissima) s h o w more repeat s p a w n i n g and dévo te a greater port ion of energy to migrat ion 
a t h igher la t i tudes w h e r e env i ronmen ts are more var iable and less predic tab le ( L E G G E T T & 
C A R S C A D E N , 1978 ) . A n a d r o m o u s s t i c k l e b a c k s (Gasterosteus aculeatus) h a v e m o r e 
per iod ic l i fe-history t ra i ts ( larger c lu tches, larger size at maturi ty) c o m p a r e d wi th conspeci f ic 
f r e s h w a t e r p o p u l a t i o n s ( S N Y D E R , 1 9 9 0 ) . B y a d o p t i n g a n a d r o m y , adu l t f i s h e s c a n f i nd 
f a v o r a b l e e n v i r o n m e n t s for larval d e v e l o p m e n t and surv iva l . In con t ras t , t he reproduc t i ve 
s u c c e s s of mar ine b roadcas t spawne rs dépends upon rates of larval encoun te rs wi th sui table 
z o n e s o r pa t ches . Mass ive c lu tches of small pe lag ic eggs enhance d ispersai capabi l i t ies of 
m a r i n e f i shes dur ing early life s tages . In persistent populat ions, losses due to set t lement in 
host i le hab i ta ts (advect ion) u l t imately are ba lanced by the survival benef i ts der ived f rom the 
p a s s a g e of s o m e fract ion of larval cohor ts into su i tab le régions or habi tats. 
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Figure 3 : S u r f a c e a d a p t a t i v e p r é d i t e p a r l e s c o n t r a i n t e s e x i s t a n t e n t r e l e s 
p a r a m è t r e s d é m o g r a p h i q u e s q u i c o n d i t i o n n e n t l 'évolut ion d e s pr inc ipa les 
s t r a t é g i e s d é m o g r a p h i q u e s o b s e r v é e s c h e z l e s p o i s s o n s ( d ' a p r è s 
W I N E M I L L E R , 1 9 9 2 ; W I N E M I L L E R et R O S E , 1992 ) . 

F igure 3 : A d a p t i v e s u r f a c e p red ic ted f r o m f u n d a m e n t a l cons t ra in ts in d é m o g r a p h i e 
p a r a m e t e r s p a c e t h a t r e s u i t i n t h e é v o l u t i o n o f p r i m a r y l i f e - h i s t o r y 
s t ra tég ies o b s e r v e d in f i shes ( b a s e d o n W I N E M I L L E R , 1992 ; W I N E M I L L E R 
a n d R O S E , 1992) . 

T h e oppor tun is t i c -s t ra tegy is assoc ia ted w i th rap id popu la t ion tu rn -over ra tes and a 
h igh in t r ins ic ra te of p o p u l a t i o n i nc rease (r). T h e o p p o r t u n i s t i c s t ra tegy d i f fers f r o m the 
c l a s s i c a l r - s t r a tegy m o d e l ( P I A N K A , 1970 ) by h a v i n g a m o n g the s m a l l e s t r a t h e r t han 
l a r g e s t c l u t c h e s . B y v i r t u e of t he i r s m a l l s i z e , t h e r e p r o d u c t i v e e f fo r t of o p p o r t u n i s t i c 
s t ra teg is ts is ac tua l l y h igh , desp i te t he fact tha t abso lu te c lu tch s ize a n d e g g s ize a r e smal l . 
In t hèse sma l l spec ies , sér ia i s p a w n i n g s o m e t i m e s resu l ts in an annua l c lu tch b i o m a s s that 
g r e a t l y e x c e e d s f e m a l e b o d y m a s s . S m a l l f i s h e s w i t h e a r l y m a t u r a t i o n a n d f r é q u e n t 
s p a w n i n g a r e ef f ic ient co lon ize rs , and popu la t i ons c a n c o m p e n s a t e rapid iy for con t inuous iy 
h igh mor ta l i ty du r i ng the adul t s tage . T h e oppor tun is t i c -s t ra tegy is o b s e r v e d in anchov ies 
( E n g r a u l i d a e ) , s i l v e r s i d e s ( A t h e r i n i d a e ) , k i l l i f i s hes ( C y p r i n o d o n t i d a e , R i v u l i i d a e ) , a n d 
l i vebear ing t oo thca rps (Poec i l i idae) , f i shes tha t f requen t l y pers is t in dynamic hab i ta ts and 
o f ten f a c e h igh p réda t i on risk as adu l ts . 

T h e equ i l i b r ium-s t ra tegy in f ishes c o n f o r m s wel l to t he sui te of trai ts a s s o c i a t e d wi th 
t h e K - s t r a t e g y o f a d a p t a t i o n t o r e s o u r c e - l i m i t e d o r d e n s i t y - d e p e n d e n t e n v i r o n m e n t s 
( P I A N K A , 1 9 7 0 ) . P r o d u c t i o n of l a rge e g g s a n d p a r e n t a l c a r e resu l ts in la rger o r mo re 
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a d v a n c e d j uvén i l es a t t he o n s e t of i ndépendan t l ife. Wi th in the Nor th A m e r i c a n f ish fauna , 
m a r i n e a r i i d c a t f i s h e s (o ra l b r o o d i n g of a f e w large e g g s , d i a m e t e r = 1 6 - 2 0 m m ) a n d 
a m b l y o p s i d c a v e f i s h e s ( b r a n c h i a l b r o o d i n g of s m a l l c l u t c h e s of re la t i ve l y l a r g e e g g s ) 
e x e m p l i f y t h e e q u i l i b r i u m l i f e -h i s to ry s t ra tegy . S h a r k s , rays , t he c o e l a c a n t h , a n d o the r 
l i v e b e a r i n g f i s h e s w i t h l o n g g e s t a t i o n pe r i ods a n d large n e o n a t e s a r e e x t r ê m e c a s e s . 
P a r e n t a l c a r e t a c t i c s a p p e a r t o b e m o r e h i g h i y d e v e l o p e d a n d c o m m o n in t r o p i c a l 
f r e s h w a t e r a n d reef -dwel l ing f i shes . 

In te rmed ia te l i fe-h istory s t ra tég ies are recogn i zed wi th in the t r iangular g rad ien t of life 
h i s t o r i é s . S o m e of t h e l a rges t p e r i o d i c s t ra teg i s t s , t h e s t u r g e o n s ( A c i p e n s e r i d a e ) a n d 
p a d d i e f i s h e s ( P o l y o d o n t i d a e ) , h a v e re la t ive ly la rge e g g s , thus r e d u c i n g the theo re t i ca l 
m a x i m u m c lu t ch . S a l m o n a n d t rout have relat ively per iod ic - type at t r ibutes, yet they p roduce 
re la t i ve ly sma l l c lu tches of large e g g s . Relat ive to per iod ic-s t ra teg is ts wi th larger c lu tches 
a n d s m a l l e r e g g s , s a l m o n a n d t rou t have evo lved a mo re equ i l ib r ium- type s t ra tegy of fewer 
bu t la rger o f fspr ing . T h e g r o w i n g s e a s o n at h igh lat i tudes m a y be so shor t that la rge f ishes 
a r e p roh ib i t ed f rom a d o p t i n g a b rood -gua rd ing tact ic in o l igot rophic Systems ( S H U T E R & 
P O S T , 1990 ) . Data f r om arct ic cha r (Salvelinus alpinus) ind icated that t he g row ing s e a s o n 
a t h i g h l a t i t u d e s p r o b a b l y c o n s t r a i n s âge a t m a t u r i t y a n d the f r e q u e n c y of s p a w n i n g 
( D U T I L , 1986 ) . Migra t ion to spéc ia l spawn ing habi tats and bur ial of fer t i l ized e g g s (b rood 
h i d i n g ) b y s a l m o n , cha r , a n d t r o u t a r e f o r m s of p a r e n t a l i n v e s t m e n t t h a t c a r r y l a r g e 
e n e r g e t i c a n d surv iva l cos t s in re la t ion to fu ture reproduct ive effort. A n u m b e r of m e d i u m -
s i z e d f i s h e s have s e a s o n a l s p a w n i n g , modera te c lu tches , and ma ie nest gua rd ing (e .g . , 
i c ta lu r id ca t f i shes a n d cen t ra rch id sunf ishes) . L ivebear ing rockf ishes (Sco rpaen idae ) have 
l a r g e c l u t c h e s a n d sma l l e g g s . AH of thèse f i shes lie b e t w e e n pe r iod i c a n d equ i l i b r i um 
e n d p o i n t s of t he l i fe -h is tory g rad ien t . Smal l f i shes w i th rap id ma tu ra t i on , sma l l c l u t ches , 
l a r g e e g g s , a n d a sho r t p e r i o d of m a i e g u a r d i n g ( m i n n o w s of t he g e n u s Pimephales, 
m a d t o m s , dar te rs , s t i ck lebacks , p ipe f i shes , a n d sculp ins) lie be tween the oppor tun is t i c a n d 
e q u i l i b r i u m e n d p o i n t s . S imi la r ly , s m a l l f ishes w i th s e a s o n a l s p a w n i n g , m o d e r a t e l y la rge 
c l u t c h e s , s m a l l eggs , a n d on ly o n e or a few b o u t s of reproduc t ion per s e a s o n lie b e t w e e n 
o p p o r t u n i s t i c a n d pe r i od i c e n d p o i n t s . D ive rgen t l i fe-h is tory s t ra tég ies f r equen t l y coex i s t 
w i t h i n t h e s a m e hab i ta ts ( M A H O N , 1 9 8 4 ; W I N E M I L L E R , 1989a) . T h e eco log i ca l n i che 
d é t e r m i n e s a s p e c i e s ' p e r c e p t i o n of e n v i r o n m e n t a l a n d r e s o u r c e v a r i a n c e ; a n d 
m o r p h o l o g i c a l c o n s t r a i n t s , i n c l u d i n g a t t r i bu tes tha t i n f l u e n c e f o r a g i n g s u c c e s s w i t h i n 
d i f f é r e n t m i c r o h a b i t a t s , c o n s t r a i n t h e évo lu t ion of l i fe -h is tor ies . Table I s u m m a r i z e d the 
p r inc ipa l f ea tu res a n d préd ic t ions of t he t r iangular -grad ient mode l of l i fe-history évo lu t ion . 

Li fe history, p o p u l a t i o n d y n a m i c s , a n d c o m m u n i t y s t r u c t u r e / d y n a m i c s 

F i tness can b e e s t i m a t e d by e i ther V^, t h e reproduct ive va lue of an ind iv idual or âge 
c l a s s , o r by r, the intr insic rate of na tu ra l inc rease of a popu la t ion or g é n o t y p e . E a c h of 
t h è s e f i t ness m e a s u r e s can be e x p r e s s e d as a func t ion of th ree démog raph ie c o m p o n e n t s : 
s u r v i v o r s h i p , f ecund i t y , a n d t h e o n s e t and d u r a t i o n o f r e p r o d u c t i v e l i fe . In t h e c a s e o f 
r ep roduc t i ve va lue (V^ ) , 

co 

V x = m x + I (It mt) / lx , 

w h e r e fo r a s tab le popu la t ion m ^ is age-speci f ic fecundity, 1^ is age-speci f ic surv ivorsh ip, and 
0) is t h e las t â g e c l a s s of a c t i v e r e p r o d u c t i o n . W h e n x is e q u a l to a , t h e â g e of f i rs t 
rep roduc t i on , reproduct ive va lue is équivalent to the l i fet ime expectat ion of of fspr ing ( R Q ) , and 
c o n t a i n s su r v i vo r sh ip , fecund i t y , a n d t iming c o m p o n e n t s . T h e intr insic ra te of popu la t i on 
i nc rease c a n b e approx imated as 

r - l n ( R o ) / T , 

w h e r e R Q is t h e net r ep l acemen t ra te, T is the m e a n généra t ion t ime, and 

R Q = S Ix , 

resu l t i ng in 

r = In (I Ix mx)n". 
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Tab leau I : P réd ic t ions à p r o p o s d e s f a c t e u r s a s s o c i é s a v e c c h a c u n e d e s s t ra tég ies 
d é m o g r a p h i q u e s s i tuées à l 'ex t rémi té d e s t ro is g rad ien ts m o d é l i s é s . 

Tab le I : P réd ic t ions a b o u t t h e fac tors a s s o c i a t e d w i th e n d p o i n t l i fe-history 
s t ra tég ies of t h e tr i latéral g rad ien t m o d e l . 

Opportunistic Periodic Equilibrium 

Démographie factors : 
Génération time 
(âge of maturation) 

-Fecundity (clutch size) 
Juvénile survivorsfiip 
Adult survivorship 

Physiological factors : 
Adult body size 
Body size of neonate 
or hatchling 
Slope of age-fecundity 
relationship 
Longevity 

Behavioral factors : 
Parental care 
Duration of reproductive 
season 
Breeding synchrony 
Reproductivebouts 
per season 

Environmental factors : 
Physical environment 
Biotic environment 
Food resources 
Environmental productivity 

small 
small- intermediate 
low and variable 
low and variable 

small 

small 

intermediate 
small 

none- little 

long 

asynchronous 

many 

harsh and unstable 
often strong prédation 
unpredictably varying 
variable 

large 
large 
low and variable 
high with low varlance 

large 

small 

large 
intermediate-large 

none- little 

short 

synchronous 

one- few 

cyclic or large patches 

variable 
small 
high with low variance 
high with low variance 

variable across taxa 

large 

small 
intermediate-large 

much 

variable 
intermediate 

one-few 

stable or highiy predictable 
density dependence periodic density-dependence common 
periodicaliy varying relatively stable 
often high often low 

T h e r e f o r e , g r o w t h r a t e d é p e n d s d i r e c t i y u p o n f e c u n d i t y , t i m i n g of r e p r o d u c t i o n , a n d 
surv ivorsh ip schedu le . Ave raged over m a n y généra t ions , the th ree parameters must ba lance, 
or popu la t ions déc l ine to ext inct ion or g row to precar ious iy h igh densi t ies and c rash . 

T h r e e p r i m a r y l i fe-h is tory s t ra tég ies of f i shes resui t f r o m t rade-o f fs a m o n g âge of 
m a t u r a t i o n ( a p o s i t i v e l y c o r r e l a t e d w i t h T ) , f e c u n d i t y , a n d s u r v i v o r s h i p ( F i g . 3 ) . T h e 
p e r i o d i c - s t r a t e g y c o r r e s p o n d s to h igh v a l u e s o n f e c u n d i t y a n d â g e at ma tu r i t y a x e s (a 
cor re la te of popu la t i on tu rnover rate) and low v a l u e s on the juvén i le surv ivorsh ip ax is . T h e 
oppor tun is t i c -s t ra tegy of h igh r v ia rap id ma tu ra t i on c o r r e s p o n d s to low va lues on ai l three 
axes . T h e equ i l i b r ium-s t ra tegy c o r r e s p o n d s to low va lues on the fecund i ty ax is a n d h igh 
va lues on the â g e of matur i ty and juvén i le su rv i vo rsh ip axes . 

T h e e q u i l i b r i u m s t r a t e g y s h o u l d b e f a v o r e d in d e n s i t y - d e p e n d e n t a n d r e s o u r c e -
l im i ted se t t i ngs , a n d th is m a y b e w h y it is m o r e p réva len t a m o n g t rop ica l f r e s h w a t e r a n d 
reef f i sh c o m m u n i t i e s . T h e equ i l i b r i um s t r a tég ies a n d n i che spec ia l i za t i ons of A f r i can rift 
Iake c i ch l i ds a re we l l k n o w n . In t h e m a r i n e e n v i r o n m e n t , pa ren ta l c a r e is m o s t f r equen t l y 
a s s o c i a t e d w i th sma l l ben th i c f i shes (p ipe f i shes , s e a h o r s e s , e e l p o u t s , s o m e g o b i e s ) a n d 
p r e d a t o r y e l a s s m o b r a n c h s . P o p u l a t i o n s of s o m e b r o o d - t e n d i n g d a r t e r s {Etheostoma 
spp. ) a n d m a d t o m s (Noturus spp . ) a re p r o b a b l y l im i ted by t h e ava i lab i l i t y of re fuges in 
s t r e a m r i f f les, e s p e c i a l l y d u r i n g p e r i o d s of r e d u c e d s t r e a m d i s c h a r g e . C o m p a r e d w i t h 
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o p p o r t u n i s t i c and pe r iod i c s t ra teg i s t s , equ i l i b r ium s t ra teg is ts genera l l y e x p é r i e n c e lower 
t e m p o r a l v a r i a t i o n in p o p u l a t i o n d e n s i t y ( F i g . 4) a n d s h o u l d c o n f o r m be t t e r to s t o c k -
r e c r u i t m o d e l s . B e c a u s e e q u i l i b r i u m - s t r a t e g i s t s p r o d u c e re la t i ve ly f e w o f f sp r i ng , ea r l y 
s u r v i v o r s h i p mus t be re la t i ve ly h igh in o rder for t hèse popu la t i ons to pers is t nea r s o m e 
a v e r a g e d e n s i t y In t h e c a s e of b r o o d g u a r d i n g , s u r v i v o r s h i p d u r i n g e a r l y l i fe s t a g e s 
d é p e n d s o n t h e c o n d i t i o n of a d u l t s a n d nes t i ng hab i ta ts . Re la t i ve ly f ew e q u i l i b r i u m - t y p e 
f i s h e s a r e c o m m e r c i a l l y e x p l o i t e d o n a la rge s c a l e . S e v e r a l spo r t f i shes exh ib i t b r o o d -
g u a r d i n g a n d o c c u p y a pos i t i on i n te rmed ia te b e t w e e n equ i l i b r i um a n d per iod ic s t ra tég ies , 
i n c l u d i n g l i n g c o d (Ophiodon elongatus) a n d t h e N o r t h A m e r i c a n b l a c k b a s s e s 
{Micropterus s p p . ) . In t heo ry , m a n a g e m e n t of e x p l o i t e d e q u i l i b r i u m - t y p e f i s h e s s h o u l d 
s t r e s s h a b i t a t q u a l i t y / s t a b i l i t y a n d m a i n t e n a n c e of h e a l t h y adu l t s t o c k s t h a t p r o m o t e 
s u r p l u s y i e l ds that c a n b e h a r v e s t e d a n d rep laced v ia na tu ra l c o m p e n s a t o r y m e c h a n i s m s 
( V A N W I N K L E et al., 1993) . 

T h e o p p o r t u n i s t i c s t r a t e g y m a x i m i z e s t h e in t r ins ic ra te of i n c r e a s e by r e d u c i n g 
g é n é r a t i o n t i m e . M a n y o p p o r t u n i s t i c - t y p e f i s h e s a r e a s s o c i a t e d w i t h s h a l l o w m a r g i n a l 
h a b i t a t s , t h e k inds of e n v i r o n m e n t s tha t e x p é r i e n c e the largest a n d mos t u n p r e d i c t a b l e 
c h a n g e s o n sma l l spa t ia l a n d t e m p o r a l sca les . C h a n g e s in p réc ip i ta t ion a n d t e m p é r a t u r e 
i n d u c e c h a n g e s i n w a t e r d e p t h , s u b s t r a t e c h a r a c t e r i s t i c s , a n d p r o d u c t i v i t y in s h a l l o w 
a q u a t i c h a b i t a t s s u c h as s m a l l s t r e a m s , f l o o d p l a i n s w a m p s , a n d sai t m a r s h e s . In t h e 
a b s e n c e o f c h r o n i c i n t e n s e p r é d a t i o n a n d r e s o u r c e l i m i t a t i o n , o p p o r t u n i s t i c - t y p e 
p o p u l a t i o n s qu ick ly r e b o u n d f r o m loca l ized d i s t u r b a n c e s , and t hèse popu la t i ons p r o b a b l y 
s h o w la rge va r ia t i on in a b u n d a n c e w i t h in f requen t s t rong d e n s i t y - d e p e n d e n c e (F ig . 4 ) . 
B e c a u s e t h e y t e n d to be sma l l a n d of ten o c c u r in marg ina l hab i ta ts , oppo r tun i s t i c - t ype 
f i s h e s a r e no t o f ten e x p l o i t e d c o m m e r c i a l l y . S o m e i m p o r t a n t c o m m e r c i a l s t o c k s , l ike 
m e n h a d e n (Brevoortia patronus), a r e i n te rmed ia te b e t w e e n oppor tun is t i c - a n d per iod ic -
s t r a t e g i e s . S m a l l f i s h e s a re o f t en ve r y impor tan t f ood resou rces for p i sc i vo res . A n c h o v i e s 
(Anchoa mitchilli) a n d s i l v e r s i d e s (Menidia menidia), m a y d o m i n a t e r e l a t i v e l y s t a b l e 
h a b i t a t s , a n d at t h e s a m e t i m e sufifer h igh adu l t mo r ta l i t y f r o m p r é d a t i o n . G i v e n the i r 
c a p a c i t y to c o m p e n s a t e h e a v y l osses f rom a i l s t a g e s of l i fespans tha t a re typ ica l l y ra ther 
s h o r t , a k e y t o the m a n a g e m e n t of oppor tun i s t i c s t ra teg is t s s h o u l d be p ro tec t i on f r o m 
l a r g e - s c a l e or ch ron ic p e r t u r b a t i o n s tha t e l im ina te impor tan t ré fug ia in s p a c e a n d t i m e . 

T h e per iod ic -s t ra tegy m a x i m i z e s fecund i ty at the expense of op t im iz ing ( reduc ing) 
t u r n - o v e r t i m e (i.e., d e l a y e d ma tu ra t i on to ach ieve suff ic ient s ize and to acqu i re resources) 
a n d j u v é n i l e surv ivo rsh ip ( fecund i ty inc reased by p roduc ing smal ler eggs) . Large b o d y s ize 
e n h a n c e s adu l t su rv ivo rsh ip du r i ng subop t ima l cond i t i ons and permi ts s to rage of ene rgy 
a n d b i o m a s s for fu ture rep roduc t i on . Perenn ia l reproduc t ion represents a be t -hedg ing tact ic 
w h e r e b y , s o o n e r o r later , r e p r o d u c t i o n co ïnc ides w i t h f a v o r a b l e c o n d i t i o n s r esu l t i ng in 
s t r o n g recru i tment . S p a w n i n g by per iod ic - type f ishes is o f ten annua l and s y n c h r o n o u s , so 
tha t g é n é r a t i o n s a re o f ten r e c o g n i z e d as d iscrète annua l cohor ts that may d o m i n a t e the 
p o p u l a t i o n fo r m a n y y e a r s ( F i g . 4 ) . Co r ré l a t i ons b e t w e e n pa ren ta l s t o c k d e n s i t i e s a n d 
d e n s i t i e s of recrui ts have b e e n s h o w n to be neg l ig ib le in m a n y of t hèse f ishes (e .g . , mar ine 
c o m m e r c i a l s t ocks , H I L B O R N & W A L T E R S , 1992) . Rec ru i tmen t f requen t l y d é p e n d s on 
c l ima t i c cond i t i ons tha t in f luence wa te r movemen t , egg/ la rva l ré tent ion zones , product iv i ty , 
a n d a h o s t of o t h e r e n v i r o n m e n t a l f a c t o r s t h a t d é t e r m i n e ea r l y g r o w t h a n d s u r v i v a l . 
P r é d i c t i o n of r ec ru i tmen t by pe r i od i c - t ype s p e c i e s in m a r i n e e c o s y s t e m s requ i res bo th 
k n o w l e d g e of p h y s i c a l o c e a n o g r a p h y and t h e ab i l i t y to f o r e c a s t c l i m a t i c c o n d i t i o n s . 
B e c a u s e w e a t h e r c a n n o t b e p red i c ted over long in terva is , f isher ies pro jec t ions mus t rely on 
s h o r t - t e r m es t imâ tes of juvén i le cohor t s t rength , rather t han long- term es t imâtes b a s e d on 
p a r e n t a l s t ocks . For per iod ic - type f i shes , the va r i ance in larval surv ivorsh ip that se rves as 
i npu t f o r popu la t i on p ro jec t ions l ies we l l b e y o n d our abi l i ty to m e a s u r e d i f fé rences in the 
f i e l d . S i n c e m o s t l a r v a e n e v e r r e c r u i t into t h e a d u l t p o p u l a t i o n e v e n u n d e r p r i s t i n e 
c o n d i t i o n s , it fo l lows that s o m e m i n i m u m level of s p a w n i n g must occur each year if s t rong 
r e c r u i t m e n t is to occur du r ing the except iona l year . M a n a g e m e n t of exp lo i ted popu la t ions of 
l o n g - l i v e d , per iod ic f i shes requ i res ma in tenance of s o m e m i n i m u m dens i ty of adul t s tocks 
( so t h a t pe r iod ic favorab le cond i tons c a n be exp lo i ted) and the protect ion of s p a w n i n g and 
n u r s e r y hab i ta ts . B e c a u s e rec ru i tment is largely de te rm ined by unpred ic tab le in te rannua l 
e n v i r o n m e n t a l va r i a t i on , th is m i n i m u m dens i t y wi l l b e imposs ib l e to d é t e r m i n e w i th a n y 
d e g r e e of p réc is ion . 
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F igure 4 : R e l a t i o n s préd i tes e n t r e les p r inc ipa les s t ra tég ies d é m o g r a p h i q u e s et la 
d y n a m i q u e d e s p o p u l a t i o n s . K r e p r é s e n t e la c a p a c i t é b io t ique d u mi l ieu. 
L e s e s p è c e s u t i l i sant la s t r a t é g i e d ' é q u i l i b r e s o n t s u p p o s é e s a v o i r u n e 
p o p u l a t i o n s tab le à l 'état a d u l t e et u n e fa ib le var iabi l i té in te r -annue l le d u 
r e c r u t e m e n t . L e s e s p è c e s a p p a r t e n a n t a u t y p e p é r i o d i q u e s o n t s u p p o s é e s 
man i fes te r u n e g r a n d e var iab i l i té in te r -annue l le d u r e c r u t e m e n t , cer ta ines 
c o h o r t e s p o u v a n t d o m i n e r n u m é r i q u e m e n t duran t p lus ieurs a n n é e s suite 
à d e s p é r i o d e s d e r e c r u t e m e n t t rès f a v o r a b l e s . U n e a l t e r n a n c e f réquente 
d e morta l i té i n d é p e n d a n t e d e la d e n s i t é , t o u c h a n t à la fo is les adul tes et 
l e s j u v é n i l e s , e t d e r e c o l o n i s a t i o n r a p i d e e s t s u p p o s é e ê t r e u n e 
carac té r is t ique d e s e s p è c e s d u t y p e o p p o r t u n i s t e . 

F igure 4 : P r e d i c t e d r e l a t i o n s h i p b e t w e e n p r i m a r y l i f e - h i s t o r y s t r a t é g i e s a n d 
p o p u l a t i o n d y n a m i c s . K r e p r e s e n t s e n v r i o n m e n t a l c a r r y i n g c a p a c i t y . 
E x t r ê m e e q u i l i b r i u m - t y p e f i s h e s a r e p r e s u m e d t o h a v e re la t i ve ly s tab le 
adu l t p o p u l a t i o n s a n d low in te rannua l v a r i a n c e recru i tment . D y n a m i c s of 
p e r i o d i c - t y p e f i s h e s is d e p i c t e d a s h a v i n g h i g h v a r i a n c e in r e c u r i m e n t , 
w i t h o c c a s i o n a l s t r o n g r e c r u i t m e n t e v e n t s tha t resu i t in a n n u a l c o h o r t s 
t h a t m a y d o m i n a t e t h e p o p u l a t i o n f o r m a n y y e a r s . O p p o r t u n i s t i c - t y p e 
f i s h e s a r e d e p i c t e d a s e x p e r i e n c i n g v e r y f r é q u e n t d e n s i t y - i n d e p e n d e n t 
mor ta l i ty of b o t h adu l ts a n d j u v é n i l e s , f o l l o w e d by rap id reco lonrza t ion . 
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M o r p h o l o g i c a l d ivers i ty 

T h e g rea t morpho log ica l l y d ivers i ty d isp layed by f ishes can be used as an index of 
eco log ica l diversity. K E A S T & W E B B (1966) w e r e perhaps the first to do a formai analysis of 
e c o m o r p h o l o g i c a l p a t t e r n s a t t h e c o m m u n i t y l eve l . I nsp i red by the s ta t i s t i ca l a p p r o a c h 
e m p l o y e d b y F I N D L E Y (1973 ) fo r ana lys is of bat c o m m u n i t i e s , s u b s é q u e n t f ish s tud ies 
e x a m i n e d m o r p h o l o g i c a l p a t t e r n s w i t h i n c o m m u n i t i e s , t es ted add i t i ona l e c o l o g i c a l a n d 
evo lu t ionary hypothèses , a n d ref ined and extended numerical methods of analysis. A m o n g the 
f i rst of t h è s e w a s G A T Z (1979) , w h o examined pat terns of n iche part i t ioning a m o n g Nor th 
A m e r i c a n s t r e a m f i shes b a s e d on ecomorpho logy . Ecomorpho log i ca l pa t te rns w e r e a Iso 
inves t iga ted for fish communi t ies of Canada a n d Europe ( M A H O N , 1984), Bornéo ( W A T S O N 
& B A L O N , 1984) , Sr i Lanka ( M O Y L E & SENANAYAKE, 1984 ; W I K R A M A N A Y A K E , 1990), 
a n d F l o r i d a ( M O T T A et al., in p r e s s ) . L A U D E R ( 1 9 8 3 ) i n t eg ra ted e c o m o r p h o l o g y w i t h 
p h y l o g e n y to examine evolut ionary patterns of n iche d ivergence in North Amer ican sunf ishes, 
a n d W I N E M I L L E R ( 1 9 9 1 , 1 9 9 2 ; W I N E M I L L E R et al., in p ress ) e x a m i n e d p a t t e r n s of 
e c o m o r p h o l o g i c a l c o n v e r g e n c e a n d d ive rgence in local a s s e m b l a g e s f r om di f férent b iot ic 
rég ions . Ecomorpho log ica l compar i sons of faunal structure use morphology as a surrogate for 
eco log ica l per fo rmance and rely heavi ly of in ferences f rom funct ional morphology. W h e r e a s 
fauna l s tud ies examine f ield év idence, funct ional morpho logy is per formed mosty in the lab. In 
add i t ion to interfaunal and interspecif ic compar isons, wi th in-populat ion morphological diversity 
has b e e n documen ted for a variety of attributes and species (MEYER, 1990 ; M O O D I E , 1972 ; 
W A I N W R I G H T et al., 1991 ; W I M B E R G E R , 1991). 

E c o m o r p h o l o g y a n d c o m m u n i t y s t ructure / funct ion 

Morpholog ica l diversity increases with species r ichness on local (GATZ, 1979 ; W A T S O N 
& B A L O N , 1984 ; W ika rayma and M O Y L E & S E N A N A Y A K E , 1984 ; W INEMILLER, 1990) and 
rég iona l sca les ( D O U G L A S , 1987 ; S T R A U S S , 1987). At the same t ime, mean interspecif ic 
d i s tances wi th in morphological space d id not change greatly over a range of species r ichnesses 
a n d morpho log ica l vo lumes . In a compar ison of fluvial swamp/backwater fish assemblages f rom 
di f férent biotic régions, morphologica l space increased with decreasing latitude (Fig. 5). Based 
o n the in fe rence of funct ional morphology, thèse ecomorpholog ica l patterns are a s s u m e d to 
ref lect eco log ica l diversif ication and niche ségrégation a m o n g coexist ing species. W I N E M I L L E R 
et al. (in press) examined both morphological d ivergence and diets of cichlid f ishes f rom three 
biot ic rég ions and conc luded that the inference of funct ion f rom structure was largely just i f ied. 
Never the less , some morphological attr ibutes have greater relevance for ecological funct ion than 
o the rs , s o tha t the cho ice of at t r ibutes for study m a k e s possible the introduct ion of bias. In 
add i t ion , not ail invest igators have interpreted statistical patterns in the same w a y For example , 
D O U G L A S (1987) interpreted the large morphological vo lume of sunf ishes as indicating many 
n iche genera l is ts , and the smal ler morphological vo lume and smaller interspecific d istances of 
m i n n o w s as show ing n iche diversi f icat ion in t h e group. In fact, the cen t ro id rep resen ts the 
g e n e r a l i z e d e c o m o r p h o t y p e , s o t h a t s p e c i e s c l u s t e r i n g c l o s e l y a r o u n d t h e c e n t r o i d 
r e p r e s e n t genera l i s ts ( W I N E M I L L E R , 1990). 

C o n v e r g e n t évo lu t i on is a power fu i indicator of de te rm in i sm in eco log ica l p rocesses . 
C o n v e r g e n c e a n d d i v e r g e n c e can be ident i f ied by jo in ing the e c o m o r p h o l o g y pa rad igm wi th 
p h y l o g e n e t i c i n fo rmat ion . S t rong in fe rences a r e poss ib le , even wi th relat ively low reso lu t ion 
p h y l o g e n i e s , p rov ided tha t t he sca le of taxonomic / fauna l compa r i son does not e x c e e d the 
s c a l e o f p h y l o g e n e t i c r e s o l u t i o n . F o r e x a m p l e , M A R R E R O & W I N E M I L L E R ( 1 9 9 3 ) 
i d e n t i f i e d c o n v e r g e n t f e e d i n g m o r p h o l o g y a n d e c o l o g y in w e a k i y e l e c t r i c A f r i c a n 
m o r m y r i f o r m a n d S o u t h A m e r i c a n g y m n o t i f o r m f i s h e s . W I N E M I L L E R et al. ( in p r e s s ) 
i den t i f i ed s t r o n g pat terns of morpho log i ca l a n d diet d i ve rgence and conve rgence in th ree 
c i ch l i d c l a d e s , and in ter rég iona l fauna l conve rgences a m o n g f reshwate r f ish a s s e m b l a g e s 
w e r e a p p a r e n t even on a g loba l sca le ( W I N E M I L L E R , 1990). 

T r o p h i c d ivers i ty 

T h e w e a i t h of in fo rmat ion co l lec ted on f i sh feed ing permi ts the examina t ion of t roph ic 
d i ve r s i t y . W h e r e a s m o s t e c o l o g i s t s in tu i t ive ly a p p r e c i a t e t h e i m p o r t a n c e of f e e d i n g fo r 
p o p u l a t i o n a n d c o m m u n i t y s t ructure/ funct ion, the re is a gênera i lack of appréc ia t ion for t he 
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Distance to Morphological Centroid 

A las io i 
65°N, 6 spp. 

Texas-
30°N, 26 spp. 

ZambiaH 
15°S, 33 spp. 

Costa Rica] 
10°N, 30 spp. 

Venezuela-! 
9°N, 43 spp. 

F i g u r e 5 : D ivers i f ica t ion m o r p h o l o g i q u e d e p e u p l e m e n t s d e p o i s s o n s d ' e a u douce 
d a n s d e s h a b i t a t s s i m i l a i r e s s i t u é s à d i f f é r e n t e s l a t i t u d e s . La d i s t a n c e 
m o y e n n e s é p a r a n t l e s e s p è c e s d e c h a q u e a s s e m b l a g e d u c e n t r o ï d e 
c a l c u l é à p a r t i r d e s m e s u r e s é c o m o r p h o l o g i q u e s e s t r e p r é s e n t é e , 
e n c a d r é e par l 'écart t y p e ( d ' a p r è s W I N E M I L L E R , 1 9 9 1 ) . 

F i g u r e 5 : M o r p h o l o g i c a l d ivers i f ica t ion in f r e s h w a t e r f ish a s s e m b l a g e s f r o m similar 
h a b i t a t s at d i f f é r e n t l a t i t u d e s . E r r o r b a r s a r e s t a n d a r d d é v i a t i o n s o f 
a s s e m b l a g e c e n t r o i d s d e r i v e d f r o m e c o m o r p h o l o g i c a l d a t a ( b a s e d o n 
W I N E M I L L E R , 1991) . 

e f f ec t s of s c a l e o n h o w w e v i e w t r o p h i c e c o l o g y . T h e d e g r e e of d ie t s p e c i a l i z a t i o n is 
i n f l uenced by the level of t a x o n o m i c reso lu t ion for prey, m e t h o d s of d ie t quant i f i ca t ion a n d 
ana lys is , a n d the m e a n s of s a m p l i n g the consumer . Pe rhaps n o w h e r e a re t hèse potent ia l 
b lases more appa ren t t han in the récent l i terature on f ood w e b theory ( C O H E N et al., 1990, 
H A L L & R A F F A E L L I , 1 9 9 3 ; P I M M et al., 1992) . F o o d - w e b l aws s ta te tha t the a v e r a g e 
n u m b e r of p rey spec ies c o n s u m e d by p reda to rs va r i es f rom app rox ima te l y 2-3 in real f ood 
w e b s ( C O H E N et al., 1990 ; P I M M et al., 1 9 9 2 ; M A R T I N E Z , 1991) . To the f ie ld invest igator 
t hèse d a i m s a p p e a r lud ic rous , a n d ma jo r d i sc repanc ies in the in te rpré ta t ion of d iet breadth 
c a n b e a t t r i bu ted to the m a x i m u m leve l of a g g r e g a t i o n tha t o n e is w i l l i ng to accep t as 
b io log ica l ly re levant . Theore t i c ians t e n d to be mo re wi l l ing to accep t h igh iy a g g r e g a t e d d iet 
da ta t han f ie ld b io log is ts . O n the o the r h a n d , f ie ld b io log is ts a re f o r ced to a c c e p t a certain 
a m o u n t of agg rega t i on b a s e d on pract ica l l imits of m e a s u r e m e n t p réc is ion a n d accuracy. 
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I n t e r s p e c i f i c t r o p h i c d i v e r s i t y h a s b e e n i n v e s t i g a t e d f r o m t h e s t a n d p o i n t s of 
a s s e m b l a g e s t ruc tu re a n d spec ies in teract ions (e .g . , F R Y E R , 1959 ; G O U L D I N G , 1980 ; 
G O U L D I N G et al., 1988 ; W I N E M I L L E R & PIANKA, 1990) and evolut ionary d ivergence wi th in 
phy logene t i c c lades ( Y A M A O K A , 1982 ; W I N E M I L L E R , 1991 ; W I N E M I L L E R et al., in press) . 
Pa t te rns of f o o d resource ut i l izat ion in f ish communi t ies have shown a large degree of diet 
ove r l ap in mos t Systems ( R O S S , 1986) , but s o m e stud ies have demonst ra ted diet shif ts in 
r e s p o n s e to c o m p e t i t o r s ( W E R N E R , 1977 ; C R O W D E R , 1986 ; R O B I N S O N & W I L S O N , 
1994) or tempora l ly va ry ing resource availabil i ty (e.g. , Z A R E T & R A N D , 1971 ; G O U L D I N G , 
1980 ; W I N E M I L L E R , 1989b) . Deve lopmen t of t rophic po lymorph isms in response to feed ing 
e x p é r i e n c e h a s b e e n d e m o n s t r a t e d f o r s e v e r a l n e o t r o p i c a l c i ch l i d s ( M E Y E R , 1 9 9 0 ; 
W I M B E R G E R , 1991) and Nor th Amer i can cent rarch ids ( W A I N W R I G H T et al., 1991) . 

T r o p h i c e c o l o g y a n d f o o d - w e b s t ruc ture / funct ion 

T h e net resuit of t roph ic d ivers i ty within a f ish c o m m u n i t y is the food w e b . In s imp le 
a q u a t i c c o m m u n i t i e s , s u c h as h igh mounta in t rout s t r eams , the food w e b m a y con ta in no 
f ish or on l y a f e w f i shes that c o n s u m e mostly inver tebra te prey. Spec ies- r ich commun i t i e s , 
c o n t a i n n u m e r o u s p i s c i v o r e s a n d f o o d c h a i n s l i n k i n g f i s h t o f i s h to f i s h ( F i g . 6 , 
W I N E M I L L E R , 1990) . F r o m a pure ly t rophic s tandpo in t , f i shes p lay severa l impor tan t rô les 
in a q u a t i c a n d even s o m e ter rest r ia l ecosys tems . In their rô les as both p redators a n d prey, 
f i shes t r ans fe r b i o m a s s a n d ene rgy a l ong pa thways th roughou t t he w e b ne twork ( B A I R D & 
U L A N O W l C Z , 1989 ; W I N E M I L L E R , 1990). In a d d i t i o n , f i s h e s f r e q u e n t l y m o v e m a j o r 
f r ac t i ons of c o m m u n i t y b i o m a s s a n d energy in space , inc lud ing m o v e m e n t across habi ta t 
b o u n d a r i e s . Fo r e x a m p l e , m a n y f i s h e s s p a w n on f l o o d e d p la i ns , w h e r e t h e y a n d the i r 
p r o g e n y f e e d a n d g r o w be fo re m ig ra t ing back into the r iver channe l (F ig . 6 , J U N K et al., 
1989 ; M E R O N A & B I T T E N C O U R T 1993 ; W E L C O M M E , 1979 ; W I N E M I L L E R , in p ress) . 
S o m e of t h e s p a w n i n g m ig ra t ions of large r iver-dwel l ing f i shes span hundreds of k i lometers 
( B O N E T T O et al., 1 9 6 9 ; G O U L D I N G , 1980) . G o u l d i n g e v e n s u g g e s t e d tha t m i g r a t o r y 
f i shes of t he A m a z o n i a n f loodp la in m a y be impo r tan t s e e d d ispersers for n u m e r o u s t ree 
s p e c i e s . E c o s y s t e m nut r ient a n d dé t r i tus budgets c a n be great ly in f luenced by e g e s t i o n 
a n d e x c r é t i o n by a b u n d a n t f i shes ( D R E N N E R et al., 1986 ; V A N N I , in p ress ; VANNI & 
F I N D L A Y , 1 9 9 0 ; V A N N I et al., 1990 ) . Nutr ient e x c r é t i o n by f i shes can have a pos i t i ve 
i n f l u e n c e o n p r i m a r y p r o d u c t i o n a n d nu t r ien t m i n e r a l i z a t i o n ra tes ( S T E R N E R , 1 9 8 6 ) . 
B e n t h i v o r o u s f i shes, s u c h as c o m m o n carp, mechan i ca l l y d is turb séd imen ts and inc rease 
s é d i m e n t s u s p e n s i o n , t he reby a l te r ing nutrient m inera l i za t ion a n d water quali ty. 

P r e d a t o r - p r e y i n te rac t i ons c a n h a v e bo th d i rect a n d ind i rect e f fec ts on popu la t i on 
d e n s i t i e s a n d c o m m u n i t y s t ruc tu re a n d funct ion. Natura l p reda to rs may dep ress dens i t ies 
of c o m p e t i t i v e l y d o m i n a n t p rey popu la t i ons and p r o m o t e the coex is tence of greater spec ies 
r i c h n e s s ( P A I N E 1966) . A l ternat ive ly , exo t ic p redators have been s h o w n to depress spec ies 
r i c h n e s s of p rey ( Z A R E T & PA INE , 1973 ; W I T T E et al., 1992) . In the case of exot ic Ni le 
p e r c h (Lates niloticus) in Lake Vic tor ia , changes in the p rey c o m m u n i t y m a y have c a u s e d 
l o c a l i z e d c h a n g e s in t h e nu t r i en t s , p r imary p roduc t i v i t y , a n d w a t e r qua l i t y ( K A U F M A N , 
1992 ) . M a j o r shi f ts in aqua t i c f o o d w e b s can e v e n have large ef fects on ad jacen t ter rest r ia l 
c o m m u n t i e s . T h e in t roduct ion of s h r i m p (Mysis relicta) into Iakes resul ted in réduct ions in 
s a l m o n w i t h u l t ima te l y n é g a t i v e e f fec ts on b e a r s a n d e a g l e s ( S P E N C E R et al., 1991 ) . 
T h e r e is i nc reas ing é v i d e n c e tha t f i shes as predators ind i rect iy in f luence c o m p o n e n t s of the 
l o w e r f o o d w e b via t h e d i rec t e f fec ts of p rédat ion t r ansm i t t ed t h r o u g h t roph ic c a s c a d e s 
( C A R P E N T E R , 1 9 8 8 ; C A R P E N T E R & K I T C H E L L , 1 9 8 8 ; M C Q U E E N et al., 1 9 8 6 ; 
P A R S O N S , 1 9 9 2 ; P E R S S O N et al., 1988 ; P O W E R , 1990 ; P O W E R et al., 1985) . E v e n 
w a t e r qua l i t y m a y be i n f l uenced by f ish predators at the top of aquat ic f ood w e b s , a l though 
t h e r e is s o m e d e b a t e a b o u t t he genera l i t y of t he p h e n o m e n o n ( D E M E L O et al., 1 9 9 2 ; 
K I T C H E L L et al., 1 9 8 6 ) . T r o p h i c c a s c a d e s r e q u i r e i d e n t i f i c a t i o n of s t r o n g i n t e r a c t o r s 
a l i g n e d in f o o d cha in . A g a i n , level of aggrega t ion p lays a cr i t ical rôle. T h e viabi l i ty of t roph ic 
c a s c a d e m o d e l s ( t rophic func t ion at t he c o m m u n i t y level) is ent i re ly d é p e n d e n t upon t roph ic 
d i v e r s i t y a n d w e b s t r u c t u r e , B e c a u s e they d é t e r m i n e h o w p o p u l a t i o n s c a n r e s p o n d to 
d i f f é r e n t e n v i r o n m e n t a l f a c t o r s a n d sca les o f v a r i a t i o n , l i f e -h i s to ry s t r a t é g i e s s t r o n g l y 
i n f l uence f o o d - w e b s t ruc tu re a n d func t i on . The popu la t ion d y n a m i c s of an equ i l ib r ium- type 
p r e y w o u l d b e ve ry d i f férent f rom tha t of an oppor tun is t ic - or per iod ic - type prey. C o m m u n i t y 
d e v e l o p m e n t af ter d i s t u r b a n c e s in f loodpla in c o m m u n i t i e s can be s t rong ly i n f l uenced by 
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Figure 6 : Position des poissons dans le réseau trophique de la plaine d'inondation 
du Haut Zambèze. La production primaire est transférée vers les chaînons 
supérieurs de la chaîne trophique essentiellement par l'intermédiaire des 
consommateurs situés dans la plaine d'inondation, avant d'atteindre les 
prédateurs terminaux situés dans le cours principal. 

Figure 6 : Fishes as functional components of the Upper Zambezi River floodplain 
food web. Basal production is transfered to the upper food web primarily 
via consumer popu la t ions located in f loodpla in hab i ta ts , a n d most 
production ultimately enters top components located in the main river 
channel (based on WINEMILLER, in press). 

f ish l i fe h is tor ies (COPP, 1986 ; D E A N G E L I S & W H I T E , 1994 ; W I N E M I L L E R , in press). 
O p p o r t u n i s t i c l i f e -h i s to r i es d o m i n a t e t h e e a r l y c o l o n i z i n g p h a s e , f o l l o w e d by pe r i od i c 
s t ra teg is ts , a n d f inal ly equ i l i b r ium s t ra teg is ts in the event that the aquat i c habi ta t persists 
for a long t ime in terval . Dom ina t i on by per iod ic a n d equ i l ib r ium s t ra teg is ts is to s o m e extent 
assoc ia ted w i t h g rea ter p isc ivore dens i t ies . 

Diversity and natural resource management 

O u r concep ts of b io log ica l d ivers i ty m o l d our pe rcep t ions a n d a p p r o a c h e s fo r natural 
r e s o u r c e m a n a g e m e n t . If t h e c o n s e r v a t i o n of s p e c i e s d i ve rs i t y is o u r s t a t e d goa l , t h e n 
impor tan t a s s u m p t i o n s h a v e a l ready b e e n m a d e abou t ou r c o n c e p t of t a x o n o m i c diversity, 
w h i c h in turn resul ts in a g i ven se t in te rac t ions w i th concep t s of eco log ica l d iversi ty. If the 
goa l w e r e the m a i n e n t a n c e of s o m e ves t ige of t he natura l evo lu t i ona ry p r o c e s s on ea r th , 
t h e n a m o r e c o m p l e x m o d e l of t a x o n o m i c d i v e r s i t y is r e q u i r e d . If m a n a g e m e n t of 
e c o n o m i c a l l y i m p o r t a n t f i sh s t o c k s is o u r g o a l , t h e n w e m u s t f i rst d e f i n e t h o s e s tocks 

River Channel Floodplain 
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( t a x o n o m i c d i ve rs i t y ) a n d t h e n f o c u s on é l é m e n t s of e c o l o g i c a l d ivers i ty tha t p r o v e to 
e n h a n c e p réd i c t i ve capab i l i t y . Too o f ten in t h e pas t , popu la t i on model p réd i c t i ons h a v e 
fa i l ed d u e t o insuf f ic ient in tégra t ion be tween d i f férent c o n c e p t s of eco log ica l d ivers i ty . If 
e c o s y s t e m integr i ty is our goa l , t h e n the intégrat ion of t axonomic and eco log ica l d ivers i ty at 
d i f f é r e n t s c a l e s is m o r e e s s e n t i a l t h a n ever . T h e m a n d a t e fo r p r e s e r v i n g e c o s y s t e m 
i n t eg r i t y is c lear , bu t w e h a v e no c o n s e n s u s on t h e dé f in i t i on of in tegr i ty . Th i s lack of 
c o n s e n s u s c a n be e x p l a i n e d , in part , by the e n o r m o u s comp lex i t y of even the s imp les t of 
e c o s y s t e m s a n d the fac t tha t e c o s y s t e m s interact w i th ad jacen t Systems (i.e., our art i f ic ial 
b o u n d a r i e s leak) , bu t it a Iso c a n b e exp la i ned by t h e adop t i on of d i f férent c o n c e p t s of 
d ivers i ty . A ve ry c o m m o n a r g u m e n t fo r the p réserva t ion of spec ies is that they are cruc ia l 
fo r t h e m a i n t e n a n c e of a hea l thy b iosphère . A log ica l ex tens ion of th is a r g u m e n t is that 
t a x o n o m i c d ivers i ty is i r re levant b e y o n d the m i n i m u m requ i red for the pers is tent s t ruc ture 
a n d f u n c t i o n o f e s s e n t i a l e c o s y s t e m c o m p o n e n t s . F o l l o w i n g t h i s v i e w , f u n c t i o n a l 
r e d u n d a n c y might be e l im ina ted as long as System integr i ty is p reserved ( W A L K E R , 1992) . 
O t h e r s v i e w t h e m a i n t e n a n c e of t a x o n o m i c d i ve rs i t y as the e m b o d i m e n t of e c o s y s t e m 
in tegr i ty ( A L L A N & F L E C K E R , 1993 ; KARR et al., 1986) . Fo l low ing th is v iew, e c o s y s t e m 
in tegr i ty is not ach i eved un iess the habi ta t suppor ts both key funct iona l é lémen ts a n d the 
m a x i m u m t a x o n o m i c r e d u n d a n c y charac te r i zed in the pr is t ine cond i t ion . Current ly , eco logy 
h a s ne i t he r t h e theo re t i ca l no r emp i r i ca l k n o w l e d g e b a s e to m a k e e i ther d é t e r m i n a t i o n : 
H o w m u c h f u n c t i o n a l r e d u n d a n c y is n o n e s s e n t i a l ? v e r s u s , H o w m u c h r e d u n d a n c y is 
n a t u r a l ? E c o l o g y a c c e p t s a s v i a b l e t w o major s c h o o l s . O n the o n e h a n d , t a x a c a n be 
a g g r e g a t e d i n t o f u n c t i o n a l un i t s t o e n h a n c e u n d e r s t a n d i n g of h i ghe r o r d e r b i o l o g i c a l 
s t r uc tu re a n d func t ion ( e c o s y s t e m mode ls ) , and on the other, b io logical in teract ions i m p o s e 
l imi t ing s im i la r i t y on coex is t i ng spec ies (compét i t ive exc lus ion) . Pe rhaps by seek ing grea ter 
i n tég ra t i on a m o n g c o n c e p t s of b io log ica l diversity, eco logy can ach ieve s o m e m e a s u r e of 
c o n v e r g e n c e as it u n d e r g o e s inév i tab le d ive rgence . 
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