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A B S T R A C T 

In the f irst par t of a na t iona l su rvey of gy rodac ty l i d paras i tes , w i th spéc ia l ré férence 

to Gyrodactylus salaris, f u n d e d by F rench admin i s t ra t i ons , two wa te r bas ins ha rbou r i ng 

At lant ic s a l m o n w e r e s a m p l e d : Br i t tany (7 r ivers a n d 3 res tock ing fa rms) a n d the A d o u r 

bas in in t he W e s t e r n P y r é n é e s (6 r ivers a n d 1 res tock ing f a rm) . 5 3 5 sa lmon ids w e r e 

co l l ec ted a n d e x a m i n e d for G. salaris a n d o the r gy rodac ty l i d spec ies invest igat ions. 

Ident i f icat ion p r o c é d u r e w a s p e r f o r m e d by m o r p h o l o g i c a l exam ina t i on and mo lecu la r 

ana lys i s . Bo th m e t h o d s led to t h e s a m e c o n c l u s i o n s w i th a h igh d e g r e e of cons i s tency : 

Gyrodactylus salaris w a s dec la red absen t f r om t h e e x a m i n e d s a m p l e s a n d , therefore, c a n 

be c o n s i d e r e d a b s e n t f r om the s a m p l e d w a t e r b a s i n s w i th a h igh level of con f i dence 

(over 99 .4 % ) . 

A n e w Gyrodactylus spec i es w a s ident i f ied f irst by mo rpho log i ca l examina t ion a n d 

c o n f i r m e d by mo lecu la r ana lys is . T h i s n e w s p e c i e s is n a m e d Gyrodactylus teuchis 

( C U N N I N G H A M et al., in prep.) . T h i s resui t has b e e n c o n f i r m e d by an i ndependen t s tudy 

p e r f o r m e d in t h e s a m e t ime (Dr. C.O. C U N N I N G H A M , pe rsona l c o m m u n i c a t i o n ) . G. teuchis 

s h a r e s severa l mo rpho log i ca l a n d mo lecu la r cha rac te rs w i th G. salaris. T h e w r o n g 

ident i f ica t ion of t he latter in F rance by J O H N S T O N et al. (1996) p robab ly o r ig ina tes in the i r 

s i m i l a r i t i e s . T h e a b s e n c e of Gyrodactylus salaris in b o t h s a m p l e d rég ions , 

d i sp lay ing op t ima l cond i t i ons for the paras i te 's m a i n t e n a n c e , leads us to d e n y i ts cur rent 

p r é s e n c e in France. At lant ic s a l m o n parr, m a i n i y pa ras i t i zed by G. derjavini, a re n o t infected 

by G. salaris in Br i t tany a n d W e s t e r n P y r é n é e s . R a i n b o w t rou t a n d b r o w n t rout , for w h i c h 

p reva lence of gy rodac ty l i ds is s ign i f icant ly h i ghe r t h a n o n s a l m o n parr, a re su i tab le hosts for 

G. teuchis. Th i s w i ld f ish su rvey wi l l b e e x t e n d e d to o the r pa r ts of F rance a n d p robab ly to 

f a r m e d s a l m o n i d s . In the s a m e way, t h e ac tua l s ta tus t o w a r d s G. salaris in w h o l e con t inen ta l 

E u r o p e n e e d s to b e c lar i f ied . B io log ica l charac te r i s t i cs of G. teuchis, part icular ly, its 

speci f ic i ty , popu la t i on d y n a m i c s a n d p a t h o g e n e s i s t o w a r d s the ma in host spec ies shou ld be 

inves t iga ted . Bes ides , fu r the r w o r k s h o u l d be ca r r i ed out to improve the rel iabil i ty a n d 

e f f ic iency of bo th ident i f icat ion m e t h o d s . 
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L E S G Y R O D A C T Y L I D É S P A R A S I T A N T L E S S A L M O N I D É S 

D U M A S S I F A R M O R I C A I N E T D E S P Y R É N É E S O C C I D E N T A L E S : 

A S P E C T S E P I D É M I O L O G I Q U E S D E L ' I N F E C T I O N E T C O M P O S I T I O N S P É C I F I Q U E . 

R É S U M É 

Gyrodactylus salaris est un paras i te p la the lm in the m o n o g è n e . S o n hôte le plus 

c o m p a t i b l e es t le s a u m o n a t lan t ique, ma is la t ru i te arc-en-c ie l peu t auss i hébe rge r ce 

pa ras i t e e t p e r m e t t r e le ma in t i en de ses popula t ions. La t ru i te far io, b ien que récept ive est 

un hô te m o i n s compa t i b le pour G. salaris. La p résence d e ce paras i te , p robab lemen t 

a n c i e n n e d a n s les bass ins ve rsan ts d e la Mer Ba l t ique , passa i t re la t ivement i nape rçue en 

ra i son d ' u n e co -évo lu t i on avec son hô te , le saumon a t lan t ique du s tock ba l te . Au cont ra i re , 

s o n i n t r oduc t i on , d 'o r ig ine an th rop ique , en Norvège , dans des popu la t ions de s a u m o n du 

s tock es t -a t l an t i que a p r o v o q u é d ' impor tan tes mor ta l i tés de tacons (plus d e 90 % ) , dès 

1 9 7 5 . A u d é b u t des a n n é e s 8 0 , les pe r t es enreg is t rées met ten t en dange r la pé renn i té du 

s a u m o n a t l an t i que dans ce r ta ins bass ins et ont condu i t les admin is t ra t ions n o r v é g i e n n e s à 

m e t t r e e n p l a c e un p r o g r a m m e d 'éradicat ion d ras t ique ( e m p o i s o n n e m e n t des bass ins 

v e r s a n t s à la ro ténone suiv i d 'un repeup lemen t sous cont rô le sani ta i re renforcé) . 

L a p r é s e n c e d e ce paras i te en France a été s igna lée par J O H N S T O N et al. en 

1 9 9 6 . D e v a n t cet te m e n a c e po ten t ie l le pour les popu la t ions s a u v a g e s de s a u m o n 

a t l a n t i q u e f rança i s , les au to r i tés d u Min is tè re d e l 'Env i ronnement et d e l ' A m é n a g e m e n t du 

Ter r i to i re et ce l l es du Conse i l S u p é r i e u r d e la P ê c h e ont en t repr i s une a n a l y s e d u r i sque 

q u e c o n s t i t u e la p résence d e ce paras i te d a n s les eaux douces f rança ises . D a n s ce 

c a d r e , u n e e n q u ê t e é p i d é m i o l o g i q u e a é té init iée en 1998 d a n s les cou rs d 'eau et d a n s 

q u e l q u e s p isc i cu l tu res d e r e p e u p l e m e n t , de deux rég ions hébergean t des s tocks na ture ls 

n u m é r i q u e m e n t i m p o r t a n t s d e s a u m o n s a t l a n t i q u e s : la B r e t a g n e (7 r i v i è res et 

3 p i sc i cu l t u res ) e t le b a s s i n d e l 'Adour (6 r iv ières et une p isc icu l ture) d a n s les P y r é n é e s 

o c c i d e n t a l e s . Lo r s de ce t te é tude , 535 sa lmon idés ont é té pré levés par pêche é lec t r i que ou 

réco l t és d a n s les bass ins d e p isc icu l tu res , cond i t ionnés ind iv idue l lement et exam inés pour 

la r e c h e r c h e d e gy rodac ty les . Les paras i tes o n t été f ixés ind iv idue l lement en t re l a m e et 

l a m e l l e p o u r leur ident i f icat ion morpho log ique e t des nageo i res paras i tées on t é té f i xées 

d a n s l 'é thano l à 70 % pour l ' ident i f icat ion pa r des m é t h o d e s mo lécu la i res ( rest r ic t ion 

e n z y m a t i q u e sur la rég ion ITS d e s g è n e s r ibosomaux et s é q u e n ç a g e s des rég ions V 4 et 

ITS) . L a c o h é r e n c e d e s résu l ta ts o b t e n u s par l 'emplo i c o n j u g u é d e ces deux m é t h o d e s a 

d é m o n t r é l ' absence d e Gyrodactylus salaris d a n s les p ré lèvements . Gyrodactylus salaris 

peu t d o n c ê t re c o n s i d é r é c o m m e a b s e n t des deux rég ions avec un seui l d e con f i ance 

s u p é r i e u r à 9 9 , 4 %. 

U n e nouve l le e s p è c e a p p a r t e n a n t au gen re Gyrodactylus a é té ident i f iée par 

l ' e x a m e n m o r p h o l o g i q u e pu is par l 'analyse molécu la i re et n o m m é e Gyrodactylus teuchis. 

C e s résu l ta ts on t été c o n f i r m é s par c e u x d 'une é tude m e n é e i n d é p e n d a m m e n t d a n s un 

a u t r e l abo ra to i re ( C U N N I N G H A M et al., e n préparat ion) . 

L a m o r p h o l o g i e d e ses sc lér i tes est p r o c h e de cel le de G. salaris. En out re , 

G. teuchis p a r t a g e avec G. salaris la s é q u e n c e s i tuée ent re les nuc léo t ides p lacés en 

pos i t i on 6 7 9 à 6 9 4 d e la rég ion V 4 ayant servi à l ' ident i f icat ion mo lécu la i re de G. salaris en 

F r a n c e pa r J O H N S T O N er al. (1996) . C e s ca rac tè res géné t i ques son t à l 'or igine d e la 

c o n f u s i o n e n t r e ces deux e s p è c e s . L 'absence de G. salaris des bass ins ve rsan ts de 

B r e t a g n e et d e s Py rénées occ iden ta les , alors qu ' i l s p résenten t les cond i t ions éco log iques 

o p t i m a l e s p o u r la m a i n t e n a n c e d e s popu la t ions de ce paras i te , remet en c a u s e le s tatut 

s a n i t a i r e a c t u e l de la F rance m e n t i o n n é d a n s la rég lemen ta t i on e u r o p é e n n e . Les 
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popu la t i ons d e t acons , sur tou t pa ras i t ées par G. derjavini, ne sont p a s ac tue l l emen t 

pa ras i tées par G. salaris, ni en B r e t a g n e ni d a n s le bass in de l 'Adour. La t ru i te arc-en-c ie l 

et la t ru i te far io , chez qu i la p r é v a l e n c e d e s paras i tes du gen re Gyrodactylus es t 

s ign i f i ca t i vement supé r ieu re à cel le o b s e r v é e c h e z le s a u m o n a t lan t ique , son t des h ô t e s 

compa t i b l es a v e c G. teuchis. 

U n e ex tens ion de l 'étude a u x au t res bass ins ve rsan t s h é b e r g e a n t le s a u m o n 

a t lan t ique en F rance est en cou rs d e réa l i sa t ion . U n p ro l ongemen t de ce t te enquê te a u x 

p i s c i c u l t u r e s é l e v a n t d e s t ru i t es a r c - e n - c i e l se ra i t s o u h a i t a b l e à c a u s e du s t a t u t 

é p i d é m i o l o g i q u e par t icu l ier d e cet te e s p è c e v is -à -v is de G. salaris. P lus la rgement , il 

appara î t essent ie l de c lar i f ier la d is t r ibu t ion d e G. salaris d a n s les p r inc ipaux p a y s 

p roduc teu rs d e s a l m o n i d é s en E u r o p e con t inen ta le . Les ca rac té r i s t i ques b io log iques , la 

spéc i f ic i té d 'hô te , la d y n a m i q u e d e s popu la t i ons et la pa thogén ic i té , d e G. teuchis 

devra ien t ê t re é tud iées . En f in , l ' ident i f icat ion spéc i f i que des gy rodac ty l i dés a mis en 

év i dence les l imi tes des m é t h o d e s e m p l o y é e s et a d é m o n t r é la nécess i té d e les amél iorer . 

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

Gyrodactylus salaris (P l a thyhe lm in the : M o n o g e n e a ) , w a s f i rst o b s e r v e d in 1952 a n d 

d e s c r i b e d by M A L M B E R G in 1957 o n At lan t ic s a l m o n f r om a S w e d i s h labora tory 

( M A L M B E R G , 1993) . Th i s paras i te w a s f irst i n t roduced in N o r w a y in 1 9 7 5 in the 

S u n n d a l s o r a f a rm . T h e n G. salaris s p r e a d t h r o u g h o u t N o r w a y b e c a u s e of r iver res tock ing 

w i th in fec ted f a r m e d s a l m o n par rs . T h e dras t i c déc l i ne , i nduced by th is pa ras i t e , a m o n g 

At lant ic s a l m o n par rs ( above 9 0 % mor ta l i t y in severa l r ivers) and t h e consécu t i ve 

d e c r e a s e in tota l f i sh ing ca t ches led N o r w e g i a n author i t ies to app l y a n erad ica t ion 

p r o g r a m m e us ing ro tenone po i sonn ing in the paras i t i zed wa te r bas ins ( J O H N S E N a n d 

J E N S E N , 1991) . 

G. salaris has been o n c e repo r ted in F rance by J O H N S T O N et al. (1996) . Th i s 

ident i f ica t ion, p e r f o r m e d o n f a r m e d ra i nbow t rout , w a s b a s e d o n bo th morpho log ica l 

e x a m i n a t i o n a n d mo lecu la r ana lys is . In o rde r to a s s e s s the th rea t tha t G. salaris rep resen ts 

to t h e A t l an t i c s a l m o n p o p u l a t i o n s , F r e n c h a d m i n i s t r a t i o n s f r o m « M in i s tè re d e 

l 'Env i ronnemen t et d e l ' A m é n a g e m e n t du Terr i to i re » a n d f r o m « Conse i l Supér ieu r d e la 

P ê c h e » f u n d e d a gy rodac ty l ids su rvey p r o g r a m m e . Th is ana lys i s of the risk d u e to the 

p r e s u m e d o c c u r r e n c e of G. salaris in F rance , t o w a r d s At lan t ic s a l m o n popu la t ions , 

i nc l uded a na t iona l survey. T h i s su rvey w a s u n d e r t a k e n in 1 9 9 8 to clar i fy t h e d is t r ibut ion of 

t h e paras i te ac ross the nat iona l terr i tory. 

Br i t tany a n d W e s t e r n Py rénées , as the m a i n F rench wa te r bas ins harbour ing w i ld 

At lan t ic s a l m o n popu la t ions , w e r e f i rst c h o s e n for gy rodac ty l i ds inves t iga t ions with t w o 

ob jec t i ves : ( 1 ) a p p r o a c h of s o m e ep idem io log i ca l fea tu res of gy rodac ty l i ds infect ing 

s a l m o n i d hos t spec ies ; ( 2 ) ident i f icat ion of t he s a m p l e d Gyrodactylus spec ies occurr ing in 

t h è s e wa te r bas ins by morpho log i ca l e x a m i n a t i o n and mo lecu la r ana lys i s . 

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

F i s h a n d s a m p l i n g m e t h o d s 

In th is survey, s a l m o n i d s a m p l e s w e r e co l l ec ted , by e lec t ro f i sh ing (for w i ld f ish) or by 

ne t t ing (for f a r m e d f ish) , in t w o F rench wa te r bas ins still ha rbou r i ng la rge popu la t ions of 

w i ld At lan t ic s a l m o n : Br i t tany and W e s t e r n Py rénées . T h e s a m p l e s ize r e a c h e d 30 f i sh , 

e x c e p t in a f e w local i t ies w h e r e the to ta l s ize is s l ight ly infer ior (dea th of i nd iv idua ls before 
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e x a m i n a t i o n ) . T h e a i m e d c o m p o s i t i o n of 20 At lant ic sa lmon (Salmo salar L.) parr, 

10 b r o w n t rou t (Salmo trutta L.) a n d , whe re poss ib le , 10 ra inbow trout (Oncorhynchus 

mykiss W.) for e a c h s a m p l e w a s s o m e t i m e s imposs ib le to ach ieve ( f ishing cond i t ions or 

a b s e n c e of o n e of the ta rge t spec ies in the samp led s i te) . 

In Br i t tany, 10 s a m p l i n g s i tes w e r e chosen a m o n g 7 of the ma in s a l m o n r ivers a n d 

3 res tock ing f a r m s ; in t he W e s t e r n Py rénées (Adour wa te r bas in) , 8 samp l ing si tes w e r e 

s e l e c t e d f r o m t h e 6 ma in s a l m o n r ivers a n d one res tock ing fa rm w a s inc luded (F igures 1 

a n d 2) . T h e s a m p l e s c o m p o s i t i o n , t he sampl ing date and the wa te r t empéra tu re in e a c h 

s i te a re g i v e n in Tab le I. 

T h e f ish w e r e ind iv idua l ly cond i t i oned and kept a l ive until exam ina t i on , in b a g s f i l led 

w i t h loca l w a t e r a n d in f la ted wi th o x y g e n . They w e r e caugh t by c law tweeze rs jus t beh ind 

the h e a d a n d k i l led by a sec t i on of the b ra in . T h e n , the f ins w e r e removed a n d p laced in a 

Pétr i d i sh f i l led w i th loca l water . T h e rest of the b o d y w a s p laced in an exam ina t i on tank in 

t h e s a m e w a t e r cond i t i ons . T h e f ins (for each f ish) a n d , in severa l cases , the sk in , gi l ls a n d 

ora l cav i t y w e r e e x a m i n e d unde r a s te reom ic roscope . A f ish in fected wi th at least one 

gy rodac t y l i d w a s d e c l a r e d pos i t i ve . 

At least o n e l ive gy rodac ty l i d w a s removed f r om each posi t ive f ish , m o u n t e d a n d 

f i xed w i t h a m m o n i u m p ic ra te -g lycé r ine in a c c o r d a n c e wi th M A L M B E R G (1970) . T h e 

a d é q u a t e pos i t i on of e a c h paras i te w a s ver i f ied under a 4 0 0 X magn i f i ca t ion m i c r o s c o p e 

a n d rep laced by a n o the r o n e w h e n necessary. 

F i g u r e 1 

G e o g r a p h i c a l d i s t r i b u t i o n o f t h e s a m p l i n g s i t e s i n B r i t t a n y . F o r c o n f i d e n t i a l i t y 

a g r e e m e n t s , t h e f a r m s a r e n o t l o c a t e d . 

F i g u r e 1 

R é p a r t i t i o n g é o g r a p h i q u e d e s s t a t i o n s e n B r e t a g n e . P o u r d e s r a i s o n s d e 

con f iden t ia l i t é , l e s p i s c i c u l t u r e s n e s o n t p a s loca l isées . 
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F i g u r e 2 

G e o g r a p h i c a l d i s t r i b u t i o n o f t h e s a m p l i n g s i t e s i n W e s t e r n P y r é n é e s . F o r 

c o n f i d e n t i a l i t y a g r e e m e n t s , t h e f a r m i s n o t l o c a t e d . 

F i g u r e 2 

Répar t i t ion g é o g r a p h i q u e d e s s t a t i o n s d a n s l e s P y r é n é e s o c c i d e n t a l e s . P o u r d e s 

r a i s o n s d e conf ident ia l i té , l a p i s c i c u l t u r e n ' e s t p a s loca l isée . 

T a b l e I 

S a m p l i n g d a t e , t e m p é r a t u r e a n d s a m p l e s i z e f o r e a c h s i t e . 

T a b l e a u I 

D a t e d e p r é l è v e m e n t , t e m p é r a t u r e e t t a i l l e d e s é c h a n t i l l o n s p r é l e v é s d a n s c h a q u e 

s t a t i o n . 

S a m p l i n g s i t e S a m p l i n g d a t e 
T e m p é r a t u r e 

( ° C ) 

T o t a l s a m p l e 

s i z e 
H o s l s p e c i e s 

D e t a i l e d 

s a m p l e s i z e 

N i v e d e B é h é r o b i e 0 2 1 0 9 8 1 1 8 3 0 
S. Irutlu 11 

N i v e d e B é h é r o b i e 0 2 1 0 9 8 3 0 
S sular 1 9 

. N i v e d ' A r n é g u y 0 7 1 0 9 8 I I I 
S truttu 1 0 

. N i v e d ' A r n é g u y 0 7 1 0 9 8 I I I 
S sulur 1 9 

S Irutîa 1 7 

G r a n d e N i v e 1 2 1 0 9 8 1 3 3 2 8 S sulur ! 

<> mvkiss 1 0 

C a v e d * A s p e 1 6 1 0 9 8 9 s IO 
5 truuu 2 7 

C a v e d * A s p e 1 6 1 0 9 8 
S sulur 3 

G a v e d ' O s s a u 2 0 1 0 9 8 8.5 3 0 
S truuu 8 

G a v e d ' O s s a u 2 0 1 0 9 8 8.5 3 0 
S sulur 2 2 

S a i s o n 1 2 3 1 0 9 8 1 2 . 9 3 0 
S Irutlu 0 

S a i s o n 1 2 3 1 0 9 8 1 2 . 9 3 0 
S sulur 3 0 

S a i s o n 2 2 6 1 0 9 8 9.9 
S truttu 2 8 

S a i s o n 2 2 6 1 0 9 8 9.9 
S sulur 1 

E l o r n 2 3 1 1 9 8 7 0 3 0 
S truttu 1 0 

E l o r n 2 3 1 1 9 8 7 0 3 0 
S sular 2 0 

S c o r f f 2 5 1 1 9 8 6 .0 3 0 
S truttu 1 0 

S c o r f f 2 5 1 1 9 8 6 .0 
S. sulur 2 0 

L é g u e r 2 7 - 1 1 9 8 9 0 3 0 
S truttu 1 0 

L é g u e r 2 7 - 1 1 9 8 9 0 3 0 
S sulur 2 0 

F i l é 3 0 1 1 9 8 7 0 3 0 
S truttu 1 6 

F i l é 3 0 1 1 9 8 7 0 
S sulur 1 4 

T r i e u x 0 2 1 2 9 8 6 0 ^ 9 
S truttu 1 0 

T r i e u x 0 2 1 2 9 8 6 0 
S sulur 1 9 

A v e n 0 4 1 2 9 8 6 5 
S truttu 8 

A v e n 0 4 1 2 9 8 6 5 
S sulur ->2 

J e l 0 7 1 2 9 8 7 5 
S truttu 1 3 

J e l 0 7 1 2 9 8 
5 sular 1 7 
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Paras i t i zed f ins f r om Br i t tany s a m p l e s were f ixed in 70 % ethanol and were used for 

m o l e c u l a r invest igat ions. 

P r e v a l e n c e 

T h e use of eco log ica l t e r m s fo l lows M A R G O L I S et al. (1982) . 95 % con f idence 

in te rva is w e r e ca lcu la ted in a c c o r d a n c e wi th T H R U S F I E L D (1995) . G roups of resul ts have 

b e e n t e s t e d for s ign i f icant (p < 0.05) to very highly s igni f icant (p < 0.001) d i f férences by 

X2 tes t for l a rge s a m p l e s or by F isher 's exact test for smal l samp les accord ing to 

T H R U S F I E L D (1995) . 

M o r p h o l o g i c a l i d e n t i f i c a t i o n 

T h e gy rodac ty l i d spec ies w e r e ident i f ied acco rd ing to M A L M B E R G (1970) and O.I .E. 

« D iagnos t i c m a n u a l for aqua t i c an ima l d isease » by mic roscop ic examina t ion and d raw ing 

of t h e sc le r i tes in p h a s e con t ras t l ight mic roscopy (Le i tz -Labor lux S) equ ipped w i th a 

d r a w i n g t ube (Lei tz) . 

D r a w i n g s we re p e r f o r m e d for : ( 1 ) measu remen t of 14 morphomet r i c charac te rs on 

e a c h pa ras i t e a n d c o m p a r i s o n s w i th t hose recorded on Gyrodactylus salaris in the O.I .E. 

m a n u a l ; a p réc i se m e a s u r e m e n t of one or several charac te rs was , in a few cases , rendered 

d i f f icu l t w h e n sc ler i tes pos i t ion w a s inadéquate or w h e n paras i te p répara t ion had 

o c c a s i o n e d par t ia l d a m a g e s ; ( 2 ) morpho log ica l c o m p a r i s o n s (at the s a m e scale) be tween 

t h e sc le r i tes a n d di f férent ré fé rence drawings f rom the l i terature ( M A L M B E R G , 1970 ; 

E R G E N S , 1981 ; M O , 1 9 9 1 a , b a n d c ; PROST, 1991 ; E R G E N S , 1992a , b ; M A L M B E R G , 

1 9 9 3 ; S H I N N , S O M M E R V I L L E a n d G I B S O N , 1995 ; O.I .E. , 1997) or f rom d raw ings of 

m o u n t e d pa ras i tes k ind ly p rov ided by D r T . A . M O . 

M o l e c u l a r a n a l y s i s 

Lysis 

Fixed f ins we re r e m o v e d f r om 7 0 % ethanol , p laced in a Pétri d ish f i l led wi th dist i l led 

w a t e r a n d e x a m i n e d under a 2 0 X magni f ica t ion s te reomic roscope . Each gyrodacty l id w a s 

p i c k e d f r o m the sur face of the f in , p laced in a 1.5 ml m ic ro tube conta in ing 10 ul lysis 

so lu t i on ( T E Buffer, 1 X ; p ro te inase K, 100 ug/ml ; IGEPAL C A - 3 6 0 , 0.45 % ; T W E E N 20 , 

0 .45 % ) , i ncuba ted 2 0 m inu tes at 65°C . Then th is mix ture w a s hea ted 10 minu tes at 9 5 ° C 

to d e n a t u r a t e the p ro te inase K. Th is method was a d a p t e d f rom C U N N I N G H A M et al. 

( 1995 ) . 

Primers and PCR conditions 

A l i quo t s of t he lysate (2.5 ul) were u s e d as t emp la te in di f férent ampl i f i ca t ion 

reac t i ons of t w o dist inct rég ions of t he r ibosomal gene c lus ter : ( 1 ) V 4 région cod ing for the 

18 S r i b o s o m a l R N A ; ( 2 ) ITS rég ion including internai t ransc r ibed space rs and r ibosoma l 

R N A 5.8 S (F igure 3) . 

Amp l i f i ca t ion of ITS rég ion w a s adapted f rom C U N N I N G H A M (1997) . T h e total 

m i x tu re v o l u m e of 4 5 ul i nc luded : buffer 1 X (Perk in Elmer) ; MgCI 2 , 1 .5 m M (Perk in 

E lmer ) ; dNTP, 200 u M e a c h (Boehr inge r -Mannhe im) ; p r imers ( ITS1 and ITS2, Gense t ) , 

1 u M e a c h ; t emp la te , 2.5 ul ; H O . T h e mixture w a s hea ted to 95°C for 5 minutes , then 

5 ul H 2 0 con ta in ing 2.5 U Taq p o l y m e r a s e (Ampl i Taq, Perk in Elmer) were a d d e d to real ise 

a ho t s tar t , g iv ing a tota l reac t ion v o l u m e of 50 p l . Th is mix tu re w a s then submi t ted to 

3 0 cyc l es (94°C , 1 m in ; 50°C , 1 m in ; 72°C, 2 min) e n d e d by a f inal s tep at 72°C, 10 m in . 

Ai l s t eps w e r e pe r f o rmed in a « G e n e A m p P C R S y s t e m 9600 , Perk in E lmer ». 
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1 1298 

5 . 8 S r-RNfl 
rRNFI-i n t e r n a I • t r a n s c r i b e d spacer 1 

1 28S r-RNfl 
rRNf l - i r r t e r n a I t r a n s c r i bed space r 2 

L e g e n d : 

— - RNfl - gene 
I " 1 1 - 1 0 6 - 2 0 0 - . . . 

F i g u r e 3 

( f r o m G e n e B a n k ) S c h e m a t i c d i a g r a m o f Gyrodactylus salaris I T S r é g i o n . 

( d ' a p r è s G e n e B a n k ) R e p r é s e n t a t i o n l inéaire s c h é m a t i q u e d e l a r é g i o n I T S d e 

Gyrodactylus salaris. 

Ampl i f i ca t ion of V 4 rég ion , a d a p t e d f r om that of C U N N I N G H A M et al. (1995) , w a s 

ident ica l to the ampl i f i ca t ion of ITS, excep t p r imers , V 4 F a n d V 4 R ( ins tead of ITS1 a n d 

ITS2) a n d M g C I 2 , 2 m M ( ins tead of 1.5 m M ) . 

Sequencing and séquence analysis 

ITS or V 4 ampl i f i ca t ion p r o d u c t s w e r e pur i f ied w i th « h igh pu re P C R products 

pur i f icat ion kit ( B o e h r i n g e r - M a n n h e i m ) » a n d di rect ly s e q u e n c e d us ing an a u t o m a t e d 

s e q u e n c e r « 373 A, App l i ed B i o s y s t e m s » a n d the « A B I p r i sm s e q u e n c i n g kit (Perk in 

E lmer) ». 

ITS restr ic t ion e n z y m e eut s i tes a n d restr ic t ion f r a g m e n t s i zes w e r e p red ic ted us ing 

« D N A s i s v2 .5 (I tachi So f tware) ». Mul t ip le a l i gnmen t of V 4 s é q u e n c e s w e r e pe r f o rmed 

us ing the s a m e so f tware . 

C l o n e s of Escherichia coli con ta in ing p lasm ids wi th t he ITS rég ion of Gyrodactylus 

derjavini, G. salaris a n d G. truttae w e r e k indly p rov ided by Dr C .O. C U N N I N G H A M 

(Mar lab , A b e r d e e n ) . T h e p lasmids w e r e u s e d as temp la te in d i f férent amp l i f i ca t i ons . 

Restriction analysis of the ITS région 

ITS ampl i f i ca t ion p roduc ts w e r e d iges ted wi th e n z y m e s Sau 3 A I and Hae III 

( C U N N I N G H A M , 1997) , a n d sub jec ted to e lec t rophores is in a 1.5 % (w/v) a g a r o s e gel. T h e 

pa t te rns of G. salaris a re s h o w n in F igure 4 . T h e ampl i f i ca t ion p roduc t s f r o m puri f ied 

p lasmids w e r e used as con t ro ls for t he restr ic t ion pa t te rns of G. derjavini, G. salaris a n d 

G. truttae. For each gy rodac ty l i d s p é c i m e n , rest r ic t ions w i th Sau 3A I a n d Hae III w e r e 

p e r f o r m e d on an equa l v o l u m e of ITS ampl i f i ca t ion p roduc ts . 

F i g u r e 3 

Plasmids 
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5(12 hp 
430 bp 

194 bp 

<100bp 

194 bp 

Sau 3AI 
pattcrn 

430 bp <100 bp 502 bp 

t t t 

554 bp 
322 bp 

234 pb 

185 pb 

185 bp 

lia, 111 
pattern 

322 bp 554 bp 234 bp 

\ : Enzyme restriction sites 

F i g u r e 4 

T h e o r e t i c a l r e s t r i c t i o n p a t t e r n s c o m p a r e d w i t h o b s e r v e d r e s t r i c t i o n p a t t e r n s f r o m 

Gyrodactylus salaris. M : D N A s i z e m a r k e r ( R a o u l , A p p l i g e n e o n c o r ) ; b p : b a s e 

p a i r s . 

F i g u r e 4 

P r o f i l s d e r e s t r i c t i o n e n z y m a t i q u e théor iques e t p r o f i l s c o r r e s p o n d a n t s o b s e r v é s 

c h e z Gyrodactylus salaris. M : m a r q u e u r d e p o i d s mo lécu la i re ( R a o u l , A p p l i g e n e 

o n c o r ) ; b p : p a i r e s d e b a s e s . 

R E S U L T S 

E p i d e m i o l o g i c a l f e a t u r e s i n g y r o d a c t y l i d i n f e c t i o n s 

A to ta l of 535 f i sh c o m p o s e d of t he major s a l m o n i d spec ies (307 At lan t ic s a l m o n 

p a r r m e a s u r i n g 5 to 22 c m ; 218 b r o w n trout m e a s u r i n g 5 to 31 c m a n d 10 ra inbow trout 

m e a s u r i n g 27 to 31 c m ) in the inves t iga ted water bas ins w e r e s a m p l e d . T h e examina t i on 

of t h è s e f ish fo r the p r é s e n c e of gyrodacty l ids led to the fo l lowing results (see a lso 

F i g u r e 5) : 

( 1 ) t he p reva lence of gy rodac ty l i d parasi tes a m o n g b r o w n t rout is s igni f icant ly h igher 

( Z 2 i d i = 20.67 ; p < 0.001) in Br i t tany t han in W e s t e r n Py rénées , the s a m e resuit is a lso 

o b s e r v e d on s a l m o n par r (x2,a,= 3.97 ; p < 0.05) ; 

( 2 ) t he p reva lence of gy rodac ty l i ds a m o n g b r o w n t rout is s igni f icant ly h igher on 

f a r m e d f ish t h a n on w i ld f ish ( x 2

w - 8.28 ; p < 0.005). O n the contrary, gy rodac ty l id 

p r e v a l e n c e a m o n g f a r m e d s a l m o n parr is s ign i f icant ly lower than a m o n g wi ld sa lmon 

(X2

1a,= 37.62 ; p < 0 . 0 0 1 ) ; 
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( 3 ) the p reva lence of gy rodac ty l i ds a m o n g w i ld b r o w n t rout is s ign i f icant ly h i ghe r 

t han a m o n g wi ld s a l m o n par r (Wes te rn Py rénées : x 2 i a . = 5 .66 , p < 0 .05 ; Br i t tany : 

Z 2 i d t - 44 .68 , p < 0 .001) . Th i s d i f fé rence is ampl i f ied in res tock ing f a r m s (x 2

i a ,= 99 .59 ; 

p < 0.001) . In the W e s t e r n P y r é n é e s , p reva lence of gy rodac ty l i ds a m o n g ra i nbow t rout is 

s igni f icant ly h igher than a m o n g w i ld s a l m o n parr (p < 0.01 ; F i sher ' s exac t test) wh i l e 

t he re is no s ign i f icant d i f fé rence b e t w e e n ra inbow t rout a n d w i ld b r o w n t rou t p reva lences . 

S.salar S truta S.salar S trutta O. myMss S.salar S. trvtta 

B B T T A N Y W E S T E R N PYRENEES J J f ^ Ç Ç l ^ l ^ î 

( w i l d f ish) ( w i l d f i s h ) F I S H F A R M S 

F i g u r e 5 

P r e v a l e n c e p e r h o s t s p e c i e s , r é g i o n a n d e n v i r o n m e n t . 

F i g u r e 5 

P r é v a l e n c e p a r e s p è c e h ô t e , p a r r é g i o n e t p a r m i l i e u . 

G y r o d a c t y l i d s m o r p h o l o g i c a l i d e n t i f i c a t i o n 

91 s p é c i m e n s f r om the f ins a n d the b o d y of b rown t rout , 2 0 s p é c i m e n s f r o m the f ins 

of At lant ic s a l m o n a n d 10 s p é c i m e n s f r om the f ins and the b o d y of ra inbow t rou t w e r e 

co l lec ted du r ing this s tudy a n d w e r e e x a m i n e d for morpho log i ca l cha rac te r s , m e a s u r e m e n t s 

a n d m ic roscop ic ident i f ica t ion. AH thèse s p é c i m e n s we re a l ive w h e n p repa red indiv idual ly 

acco rd ing to t h e a m m o n i u m p ic ra te g l ycé r ine m e t h o d ( M A L M B E R G , 1970) . T h e point to 

po in t m o r p h o m e t r i c s a n d the descr ip t i ve t e rm ino logy w e r e in a c c o r d a n c e w i th M A L M B E R G , 

1970 . 

T w o gy rodac ty l i d spec ies w e r e ident i f ied in the s a m p l e s : Gyrodactylus derjavini a n d 

G. truttae. Bes ide t hèse s p e c i e s , a n undesc r i bed m o r p h o t y p e X o c c u r r e d on a n y 

inves t iga ted sa lmon id host . T h e d r a w i n g s of the op is thap to ra l sc ler i tes a n d t h e cirrus 

(F igure 6) are f rom o n e m o r p h o t y p e X s p é c i m e n wh ich is in t he s e c o n d au thor ' s co l lect ion 

(n° 1 9 9 9 . 1 5 0 . E N V N ) . 

Body s h a p e a n d cha rac te rs typ ica l for t he g e n u s Gyrodactylus Nordmann, 1832. 

C i r rus 24 pim in its la rgest d iamete r , a r m e d w i th a s ing le row of i nequa l sp ines . O n e large 

sp ine a n d 7 sma l le r sp ines of d i f férent s i zes (F igure 6) . Pha ryngea l p r o c e s s e s long. 

O p i s t h a p t o r s u b - o v a t e , d i s t i nc t l y d e m a r c a t e d f r o m t h e body . T h e m o r p h o l o g i c a l 

charac te r i s t i cs of the op is thap to ra l h a r d par ts a re g i ven in F igure 6 ; t he m e a s u r e m e n t s of 
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t h e sc le r i t es a re présentée! in Table I I . Ventral ba r is charac te r i zed by constant and shor t 

la té ra l p r o c e s s e s and a t o n g u e - s h a p e d long membrane . Dorsa l bar a lmos t straight, taper ing 

t o w a r d s a n c h o r a t t achemen ts (F igure 6). Marginal hook s ick le w i th point and shaf t 

s l e n d e r i n g t h roughou t thei r leng ths , the po in t taper ing wel l b e y o n d the toe. The toe is most ly 

t r i a n g u l a r in s h a p e , a n d d rops be low the a t tachement of the s ick le wi th the marg ina l hook 

sha f t . M a r g i n a l hook hand le mos t na r row at sickle a t t achemen t point and gradual ly w ider in 

its p r o x i m a l e n d (F igure 6). In conc lus ion , a i l t hèse morpho log ica l charac ters w e r e 

c o n s i s t e n t for t h e s p é c i m e n s p resen ted in this paper . It is be l ieved that thèse morpho log ica l 

cha rac te r i s t i c s represent an u n d e s c r i b d e d spec ies of Gyrodactylus. O n the bas is of thèse 

resu l t s , m o l e c u l a r ana lys is of th is spec ies were t h e n unde r taken . 

F i g u r e 6 

T h e o p i s t o h a p t o r a l h a r d p a r t s a n d c i r r u s o f Gyrodactylus teuchis f r o m Salmo 

trutta fario L . S c a l e b a r s ( 1 d i v i s i o n = 1 0 u m ) : A = a n e n o r s , c i r r u s a n d m a r g i n a l 

h o o k s s i c k l e ; B = v e n t r a l b a r . 

F i g u r e 6 

P a r t i e s d u r e s d e l ' o p i s t h a p t e u r e t c i r r e d e Gyrodactylus teuchis p a r a s i t a n t Salmo 

trutta fario L . E c h e l l e s ( 1 d i v i s i o n = 1 0 u m ) : A = a n c r e s , b a r r e d o r s a l e e t f a u c i l l e 

d u c r o c h e t m a r g i n a l ; B = b a r r e v e n t r a l e . 
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T a b l e II 

D i m e n s i o n s i n 1 4 c h a r a c t e r s m e a s u r e d o n m a r g i n a l h o o k s , a n c h o r s a n d v e n t r a l 

b a r s o f 9 1 s p é c i m e n s o f Gyrodactylus m o r p h o t y p e X o n b r o w n t r o u t c o l l e c t e d i n 

B r i t t a n y a n d W e s t e r n P y r é n é e s . T h e w a t e r t e m p é r a t u r e v a r i e d b e t w e e n 6 ° t o 1 5 ° C 

( m e a n ± S D : 8 . 6 ± 1.9°C) . A i l m e a s u r e m e n t s a r e i n m i c r o m è t r e s . N M = n u m b e r o f 

m e a s u r e m e n t s . 

T a b l e a u I I 

D i m e n s i o n s d e 1 4 c a r a c t è r e s m e s u r é s s u r l e s c r o c h e t s m a r g i n a u x , l e s a n c r e s e t 

l e s b a r r e s v e n t r a l e s d e 9 1 s p é c i m e n s d e Gyrodactylus m o r p h o t y p e X co l lec tés 

c h e z l a t r u i t e f a r i o e n B r e t a g n e e t d a n s l e s P y r é n é e s o c c i d e n t a l e s . L a 

t e m p é r a t u r e s e s i t u a i t e n t r e 6 e t 1 5 ° C ( m o y e n n e ± é c a r t - t y p e : 8 , 6 ± 1 ,9°C) . T o u t e s 

l e s m e s u r e s s o n t d o n n é e s e n m i c r o m è t r e s . N M = n o m b r e d e m e s u r e s . 

C h a r a c t e r m e a s u r e d N M M e a n ± S D R a n g e of v a r i a t i o n 

T o t a l l e n g t h of m a r g i n a l h o o k ( I m h ) 9 1 3 6 . 4 ± 1 . 0 3 3 . 5 - 3 9 . 3 

L e n g t h of m a r g i n a l h o o k h a n d l e ( Ih ) 9 1 2 9 . 3 ± 0 . 9 2 6 . 7 - 3 2 . 2 

L e n g t h of m a r g i n a l h o o k s i c k l e ( Is i ) 9 1 8 . 2 ± 0 . 4 7 . 1 - 9 . 3 

T o t a l l e n g t h of a n c h o r ( l a ) 9 1 6 9 . 0 ± 2 . 2 6 0 . 5 - 7 4 . 2 

L e n g t h of a n c h o r s h a f t ( l a s ) 9 1 5 2 . 2 ± 1 . 8 4 3 . 6 - 5 6 . 2 

L e n g t h of a n c h o r p o i n t ( l a p ) 9 1 3 5 . 3 ± 1 . 3 3 1 . 1 - 4 0 . 9 

L e n g t h of a n c h o r r o o t ( l a r ) 9 1 2 2 . 9 ± 1 . 6 1 7 . 4 - 2 7 . 0 

M a x i m a l d i s t a n c e b e t w e e n p r o c e s s u s of 8 9 2 8 . 4 ± 1 . 4 2 2 . 1 - 3 2 . 7 

v e n t r a l b a r ( m d p v b ) 

L e n g t h of v e n t r a l b a r ( I v b ) 9 0 2 9 . 8 ± 1 . 0 2 5 . 9 - 3 1 . 9 

T o t a l b a s a i w i d t h of v e n t r a l b a r ( t b w v b ) 8 6 3 0 . 0 ± 1 . 7 2 6 . 2 - 3 4 . 9 

B a s a i w i d t h of v e n t r a l b a r ( b w v b ) 8 7 1 2 . 5 ± 0 . 9 9 . 8 - 1 5 . 8 

T o t a l médian w i d t h of v e n t r a l b a r ( t m w v b ) 8 6 2 5 . 9 ± 1 .6 2 2 . 9 - 3 0 . 3 

L e n g t h of v e n t r a l b a r m e m b r a n e ( I v b m ) 8 4 1 7 . 0 ± 1 .6 1 3 . 9 - 2 1 . 8 

Médian w i d t h of v e n t r a l b a r ( m w v b ) 8 6 8 . 9 ± 0 . 9 7 . 1 - 1 1 . 4 

G y r o d a c t y l i d s m o l e c u l a r a n a l y s i s 

D N A ampl i f i ca t ion of ITS rég ion w a s pe r f o rmed on 9 2 gy rodac ty l i d s p é c i m e n s 

p i cked f rom e thano l p rese rved f ins , f r om f ish s a m p l e d in Br i t tany (18 w i ld b r o w n t rout , 

2 f a r m e d b rown trout a n d 1 w i ld At lan t ic sa lmon ) . 

D iges t ion of t he ITS ampl i f i ca t ion p roduc ts f rom the 92 s p é c i m e n s w i th Sau 3AI on ly 

revea led pa t te rns of Gyrodactylus derjavini as s h o w n in F igure 7a. No o ther pat tern , nor 

G. salaris pa t te rn w e r e ever o b s e r v e d in the Sau 3AI d iges t ions . 

D iges t ion wi th Hae I I I , p e r f o r m e d on 8 6 s p é c i m e n s (a lso d i g e s t e d w i th Sau 3A I ) , 

p r o d u c e d restr ict ion f r agmen t leng th p o l y m o r p h i s m , wi th t w o di f férent pa t te rns (shown in 

F igure 7b) : ( 1 ) G. derjavini pa t te rn w a s o b s e r v e d in 31 c a s e s ; ( 2 ) an or ig ina l pat tern w a s 

o b s e r v e d in 55 gyrodac ty l ids . T h e latter d i f fers f r om those of G. derjavini, G. salaris a n d 

G. truttae as seen f r o m the con t ro l p l asm id ampl i f i ca t ion p roduc ts . 

Th i s or ig ina l pa t te rn w a s a lso recent ly o b s e r v e d by C.O. C U N N I N G H A M (persona l 

c o m m u n i c a t i o n ) . 
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Sau 3 A I patterns 

M 

Hae I I I patterns 

640 bp*-

500 bp»-

<100 bp*-

C o n t r o l 

S a m p l e s P l a s m i d s 

GX Gd Gd/Gs/Gt 

C o n t r o l 

S a m p l e s P l a s m i d s 

GX Gd Gd/Gs/Gt 

« w * «M» ÉHfe «M» 

« M » 

a b 

F i g u r e 7 

E n z y m e d i g e s t i o n b y S a u 3 A I ( a ) a n d Hae I I I ( b ) : m o r p h o t y p e X ( G X ) a n d 

G. derjavini ( G d ) p a t t e r n s f r o m B r i t t a n y s a m p l e s c o m p a r e d w i t h c o n t r o l p a t t e r n s 

f r o m G. derjavini (Gd), G. salaris (Gs) a n d G. truttae ( G f ) p l a s m i d s . M : D N A s i z e 

m a r k e r ( R a o u l , A p p l i g e n e o n c o r ) . 

F i g u r e 7 

D i g e s t i o n p a r l e s e n z y m e s Sau 3 A I ( a ) e t Hae I I I ( b ) : P r o f i l s d u m o r p h o t y p e X 

( G X ) e t d e G. derjavini ( G d ) o b t e n u s à p a r t i r d 'échant i l lons b r e t o n s c o m p a r é s 

a u x p r o f i l s t é m o i n s d e G . derjavini (Gd), G. salaris (Gs) e t G. truttae (Gf) o b t e n u s 

à p a r t i r d e p l a s m i d e s . M : m a r q u e u r d e p o i d s mo lécu la i re ( R a o u l , A p p l i g e n e 

o n c o r ) . 

In a f a r m , 21 gy rodac ty l i ds w e r e randomly s a m p l e d (one paras i te per f ish) f r om 

21 b r o w n t rout . The i r mo rpho log i ca l examina t ion led to the exc lus ive ident i f icat ion of 

m o r p h o t y p e X . ITS d iges t i on ana lys i s of 6 other gy rodac ty l ids f r om the s a m e fa rm revea led 

on l y t h e n e w pa t te rn . T h u s , t he s a m p l e d gyrodacty l ids f r om this f a rm ail be long to the 

m o r p h o t y p e X or d isp lay the n e w molecu la r pa t te rn . B e c a u s e of its exc lus ive assoc ia t ion 

w i t h t he m o r p h o t y p e X, t he n e w ITS pattern w a s a lso n a m e d X. T w o gyrodac ty l ids wi th 

X pa t t e rn , p i c k e d f r om a s ing le f a r m e d brown t rou t , w e r e u s e d for ITS and V4 s e q u e n c i n g . 

T h e d i f fé rences b e t w e e n V 4 s é q u e n c e s of G. derjavini, G. salaris, G. truttae 

(ava i l ab le in E M B L da ta bank) a n d that from t h e n e w X pat te rn a re s h o w n in the mul t ip le 

a l i g n m e n t of the i r respec t i ve s é q u e n c e s (Figure 8). T h è s e d i f fé rences demons t ra te the 

or ig ina l i t y of t h e g é n o t y p e X. T h e s a m e conc lus ions a r e ob ta ined f rom the mul t ip le 

a l i g n m e n t of ITS s é q u e n c e s (not s h o w n in this paper) . 

In t he ITS d iges t ion p roduc ts by Hae III, th ree d i f férent bands w e r e o b s e r v e d . The i r 

e s t i m a t e d l eng ths w e r e a r o u n d 580 , 5 5 0 and 2 3 0 b a s e s pa i rs . T h è s e restr ict ion f r agmen t 

l e n g t h s w e r e c o n f i r m e d by theore t i ca l pat terns p red ic ted f rom the X ITS séquence . 



Bull. Fr. Pêche Piscic. (1999) 355 : 305-325 — 3 1 7 — 

G. DERJAVINI 
G. TRUTTAE 
G. SALARIS 
G. X 

G. DERJAVINI 
G. TRUTTAE 
G. SALARIS 
G. X 

G. DERJAVINI 
G. TRUTTAE 
G. SALARIS 
G. X 

G. DERJAVINI 
G. TRUTTAE 
G. SALARIS 
G. X 

G. DERJAVINI 
G. TRUTTAE 
G. SALARIS 
G. X 

6 5 1 
6 5 1 
6 5 1 
6 5 1 

7 0 1 
7 0 1 
7 0 1 
7 0 1 

7 5 1 
7 5 1 
7 5 1 
7 5 1 

8 0 1 
8 0 1 
8 0 1 
8 0 1 

8 5 1 
8 5 1 
8 5 1 
8 5 1 

T 
T 

GTTCTGGTTT 
GTTCTGGTTT 

TGGGCAGCGG 
TGGGCAGCGG 
TGGGCAGCGG 
TGGGCAGCGG 

TTCGGCCTTG 
TTCGGCTTTG 
TTCGGCTTTG 
TTCGGCTTTG 

ACTTCTTCGT 
ACACTTTCGG 
ACTTCTTCGT 
TCACCTTCGT 

GACAGCACGT 
GACAGCACGT 
GACAGCACGT 
GACAGCACGT 

GGAGACTGCT 
GGAGACTGCT 
GGAGACTGCT 
GGAGACTGCT 
7 1 0 
TACTTCTAGG 
TACTTCTAGG 
TACTTCTAGG 
TACTTCTAGG 
7 6 0 
TGTAGATAGA 
TGTAGATAGA 
TGTAGATAGA 
TGTAGATAGA 
8 1 0 
TTCTATACGC 
ATCTATACGC 
TTCTATACGC 
TTCTATACGC 
860 

TGCTCTTAGT 
TGTTCATAGT 
TGCTCTTAET" 
TGCTCTTA|GT* 
7 2 0 
CCGAATCTTC 
CCGAATCTTC 
CCGAATCTTC 
CCGAATCTTC 
7 7 0 
TTCGTTGTAT 
TTCGTTGTGT 
TTCGTTGTAT 
TTCGTTGTGT 
8 2 0 
TGTAATGCCT 
TGTAATGCCT 
TGTAATGCCT 
TGTAATGCCT 
8 7 0 

GGATTGTTTT 
GGATTGTTTT 

CATGAAGCTT 
CATGAAGCTT 

GAATTGATTT CATGAAGCTT 
GAATTGATTT CATGAAGCTT 
7 3 0 
CAGCTGTGTC 
CAGCTGTGTC 
CAGCTGTGTC 
CAGCTGTGTC 
7 8 0 
GTTAGTTCCC 
TGAAGTTCCC 
GTTAGTTCCC 
GTAAGTTCCC 
8 3 0 
TTAATCGGGT 
TTAATCGGGT 
TTAATCGGGT 
TTAATCGGGT 
8 8 0 

7 4 0 
TGCATAGGGT 
TGCATAAGGC 
TGCATAAGGC 
TGCATAAGGC 
7 9 0 
TCACGGGTCT 
TCACGGGTCT 
TCACGGGTCT 
TCACGGGTCT 
8 4 0 
GTTCAGTGTG 
GTTCAGTGTG 
GTTCAGTGTG 
GTTCAGTGTG 
8 9 0 

TTACTTTGAA CAAATTTGAG TGCTCAAAGC AGGCCTTGAA 
TTACTTTGAA CAAATTTGAG TGCTCAA 

7 0 0 
7 0 0 
7 0 0 
7 0 0 

7 5 0 
7 5 0 
7 5 0 
7 5 0 
7 5 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 5 0 
8 5 0 
8 5 0 
8 5 0 
8 5 0 
9 0 0 
9 0 0 
9 0 0 
9 0 0 
9 0 0 

F i g u r e 8 

M u l t i p l e a l i g n m e n t s o f V 4 rég ion f r o m G. derjavini, G. salaris, G. truttae a n d 

m o r p h o t y p e X (G X ) . F r a m e d p o r t i o n : t a r g e t s é q u e n c e f o r p r o b e G s V 4 B 

h y b r i d i z a t i o n ( n u c l e o t i d e s 6 7 9 - 6 9 4 ) u s e d i n p r e v i o u s i d e n t i f i c a t i o n o f G. salaris 

( C U N N I G H A M et al., 1 9 9 5 ) . 

F i g u r e 8 

A l i g n e m e n t s m u l t i p l e s s u r l a rég ion V 4 d e G. derjavini, G. salaris, G. truttae (Gt) e t 

d u m o r p h o t y p e X ( G X ) . E n c a d r é : s é q u e n c e c i b l e d e l a s o n d e o l igonuc léo t id ique 

G s V 4 B ( n u c l e o t i d e s 6 7 9 - 6 9 4 ) p o u r l ' i d e n t i f i c a t i o n d e G. salaris p a r h y b r i d a t i o n 

( C U N N I G H A M et al., 1 9 9 5 ) . 

T a b l e I I I 

D e g r e e s o f h o m o l o g y b e t w e e n t h e di f férent s é q u e n c e s o f 1 8 S r R N A V 4 rég ion . 

T a b l e a u I I I 

P o u r c e n t a g e s d ' h o m o l o g i e e n t r e l e s d i f fé ren tes s é q u e n c e s d e l a r é g i o n V 4 d e 

l ' A R N r i b o s o m a l 1 8 S . 

spec ies G. derjavini G. truttae G. X 

G. salaris 9 7 . 5 % 9 3 . 0 % 9 6 . 5 % 

G. derjavini 9 2 . 5 % 9 4 . 5 % 

G. truttae 9 5 . 0 % 

T h e X V 4 s é q u e n c e p résen ts s o m e h o m o l o g y w i th the th ree o the rs ( see Table III). It 

mus t be h igh l igh ted tha t Gyrodactylus salaris a n d the n e w s é q u e n c e s h a r e s o m e ident ica l 

par ts , espec ia l l y f rom pos i t ions 6 7 9 to 6 9 4 ( f ramed po r t i ons , F igu re 8) . Th is par t icu lar 

s é q u e n c e w a s used for ident i f ica t ion of Gyrodactylus salaris by p r o b e hybr id izat ion 

( C U N N I N G H A M et al., 1995 ) . T h i s m o l e c u l a r m e t h o d w a s u s e d to a s c e r t a i n t h e 

morpho log i ca l ident i f ica t ion of G. salaris in France ( J O H N S T O N et al., 1996) . However , 

s u c h a m e t h o d is unab le to d is t ingu ish Gyrodactylus salaris f r o m the m o r p h o t y p e X . 
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• Gyrodactylus truttae 

m Gyrodactylus derjavini 

m M o r p h o t y p e X 

S . salar S.trutta O. mykiss 

H o s t s p e c i e s 

F i g u r e 9 

P r o p o r t i o n s o f t h e d i f fé rent g y r o d a c t y l i d s p e c i e s a m o n g t h e t h r e e h o s t s p e c i e s . 

F i g u r e 9 

P r o p o r t i o n s d e s d i f fé ren tes e s p è c e s d e g y r o d a c t y l e s p a r m i l e s t r o i s e s p è c e s 

h ô t e s . 

T a b l e I V 

D i s t r i b u t i o n o f t h e d i f férent g y r o d a c t y l i d s p e c i e s a m o n g t h e s a m p l i n g s i t e s o f 

B r i t t a n y . G. d : G. derjavini, G. t : G. truttae, G. X : m o r p h o t y p e X , G. s : G. salaris. 

T a b l e a u I V 

D i s t r i b u t i o n d e s d i f f é ren tes e s p è c e s d e g y r o d a c t y l e s p a r m i l e s s t a t i o n s d e 

B r e t a g n e . G. d : G. derjavini, G. t : G. truttae, G. X : m o r p h o t y p e X , G. s : 
G. salaris. 

S a m p l i n g s i t e 
H o s t 

s p e c i e s 
G. d G. t G. X G. s 

S c o r f f 
S. salar = = = = 

S c o r f f 
S. trutta = = ± = 

A v e n 
S. salar ± - = — 

A v e n 
S. trutta ± = ± = 

E l o r n 
S. salar ± - ± = 

E l o r n 
S. trutta = ± = 

T r i e u x 
S. salar ± — ± = 

T r i e u x 
S. trutta ± - ± = 

El le 
S. salar ± — — = El le 
S. trutta ± ± ± = 

J e t 
S. salar ± ± = 

J e t 
S. trutta ± - ± = 

Léguer 
S. salar ± = ± 

Léguer 
S. trutta = = ± -

P
e
rc

e
n

ta
g

e
 o

f 
id

e
n

ti
fi

é
e
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g
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T a b l e V 

D i s t r i b u t i o n o f t h e d i f férent g y r o d a c t y l i d s p e c i e s a m o n g t h e s a m p l i n g s i t e s o f 

W e s t e r n P y r é n é e s . G. d : G. derjavini, G. t : G. truttae, G. X : m o r p h o t y p e X , G. s : 

G. salaris. 

T a b l e a u V 

D i s t r i b u t i o n d e s d i f fé ren tes e s p è c e s d e g y r o d a c t y l e s p a r m i l e s s t a t i o n s d u 

b a s s i n d e l ' A d o u r . G. d : G. derjavini, G. t : G. truttae, G. X : m o r p h o t y p e X , G. s : 

G. salaris. 

S a m p l i n g s i t e 
H o s t 

s p e c i e s 
G. d G. t G. X G. s 

N i v e 
d ' A r n e g u y 

S . salar ± = = N i v e 
d ' A r n e g u y S. trutta = = ± = 

N i v e d e 
B é h e r o b i e 

S. salar ± = N i v e d e 
B é h e r o b i e S. trutta - = ± = 

S a i s o n 1 
S. salar ± = 

S a i s o n 1 
S. trutta — — — = 

G a v e d ' A s p e 
S. salar — = ± = 

G a v e d ' A s p e 
S. trutta = = ± = 

G a v e d ' O s s a u 
S. salar ± = ± — 

G a v e d ' O s s a u 
S. trutta ± ± ± = 

S a i s o n 2 
S. salar ± = = = 

S a i s o n 2 
S. trutta = ± ± = 

G r a n d e N i v e 

S. salar = ± 
G r a n d e N i v e S. trutta ± — ± — G r a n d e N i v e 

O. mykiss ± = + = 

D i s t r i b u t i o n o f t h e g y r o d a c t y l i d s p e c i e s i n B r i t t a n y a n d W e s t e r n P y r é n é e s 

A l though the pro toco l w a s not d e s i g n e d for gy rodac ty l i d c o m m u n i t i e s s tudy, a g lobal 

ana lys i s of the d is t r ibu t ion of t he 2 4 9 morpho log ica l l y ident i f ied gy rodac ty l i ds a m o n g the 

th ree host spec ies r evea led the ten ta t i ve fo l low ing t rends (see a lso F igure 9) : ( 1 ) At lant ic 

s a l m o n parr a re ma in l y pa ras i t i zed by Gyrodactylus derjavini a n d less f r equen t l y by t h e 

m o r p h o t y p e X ; ( 2 ) oppos i t e p ropor t i ons a re o b s e r v e d on bo th b r o w n a n d ra inbow trout for 

wh i ch m o r p h o t y p e X is t he m o s t f réquen t gy rodac ty l i d spec ies e n c o u n t e r e d ; ( 3 ) G. truttae 

a p p e a r s qu i te rare a n d res t r ic ted to b r o w n trout . 

T h e d is t r ibu t ion of t he di f férent gy rodac ty l i d s p e c i e s a m o n g the s a m p l i n g sites is 

s h o w n in Tab les IV (Br i t tany) a n d V (Wes te rn P y r é n é e s ) . T h e m o r p h o t y p e X a n d 

G. derjavini are w ide ly d is t r ibu ted in t he di f férent s a m p l e d rég ions . 

D I S C U S S I O N 

Th is w o r k is, to our k n o w l e d g e , the f irst s tudy dea l i ng w i th gy rodac ty l i d in fect ions of 

w i ld s a l m o n i d s in F rance . Moreover , th is is t he f irst la rge sca le exp lo i ta t ion of the mo lecu la r 

ident i f icat ion m e t h o d s e l a b o r a t e d by C U N N I N G H A M (1997 ) . 

S a m p l i n g m e t h o d w a s p l a n n e d fo l low ing M A L M B E R G ' s « M a n u a l for invest igat ing 

f ish for Gyrodactylus » ( 1996 ) . A s m e n t i o n e d by th is au tho r (pe rsona l commun i ca t i on ) , 

samp l i ng cons t ra in ts , e lec t ro f i sh ing , . . .may induce s o m e b ias in p r e v a l e n c e or paras i tes 

d is t r ibut ion a m o n g the hos t spec ies . Neve r the less , t hèse b ias r ema in p robab ly negl ig ib le 

d u e to the sho r t en ing of t he d i f férent cr i t ical p h a s e s a l o n g the s a m p l i n g p rocess . 
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T h e s a m p l i n g pe r iod w a s c h o s e n in acco rdance wi th l i terature data. In Norway, a 

f e w y e a r s af ter Gyrodactylus salaris in t roduct ion in a s a l m o n popu la t i on , p reva lence 

r e m a i n s c l ose to 100 % excep t in late win ter and ear ly spr ing ( M O , 1992 ; J O H N S E N and 

J E N S E N , 1 9 9 2 ; A P P L E B Y a n d M O , 1997) . M e a n paras i te in tensi ty is m a x i m u m in the fall 

w i t h b e t w e e n 4 0 0 to 1300 paras i tes per f ish ( A P P L E B Y and M O , 1997) . 

Rel iab i l i ty of m e a s u r e m e n t s dépends o n the inhérent p rob lems in préc is ion of 

d r a w i n g s a n d l ight m ic roscopy . Yet, t he compar i son of our resul ts wi th those g iven in O. I .E. 

m a n u a l d id not suf fer f r o m th is re lat ive lack of p réc is ion b e c a u s e the s a m e me thods we re 

u s e d in bo th w o r k s . Ident i f icat ion of gyrodacty l ids , w h e n d o n e fo l low ing the O. I .E. 

p r o c é d u r e , ac tua l l y re l ies m o r e on sc ler i tes morpho logy than on thei r s ize . 

Ac tua l l y , the r a n g e of var ia t ion of the charac te rs m e a s u r e d on the sc ler i tes of 

G. teuchis is e n c l o s e d w i th in the tota l range repor ted for G. salaris (O. I .E. , 1997 ; M O , 

1 9 9 1 a , b a n d c ) . 

T h e la rges t m o r p h o l o g i c a l d i f férences b e t w e e n G. teuchis a n d G. salaris we re 

o b s e r v e d in t h e shape of the marg ina l hook s ick le . In G. salaris, regard less of the host 

s p e c i e s , t h e inner cu r ve of t he s ick le e n c o m p a s s e s an oval s h a p e desc r i bed by the long 

n a r r o w f o r m of the s ick le t ape r i ng th roughout i ts length w h e r e a s , in G. teuchis, the inner 

c u r v e of t h e s i ck le is r o u n d e d approx imat ive ly a s a c i rc le por t ion . In G. salaris, the base of 

t h e s i ck le is sha l low, the hee l w e a k l y p ronounced a n d the toe is narrow, at the s a m e level 

w i t h t h e hee l b a s e w h e n in G. teuchis, the heel is more g lobose , the toe is a lmos t t r iangular 

a n d m o r e angu la r in s h a p e a n d its b a s e fo rms a d is t inct cu rve (see F igure 6). As in 

G. derjavini, t he junc t ion b e t w e e n the s ick le shaft a n d the toe, in G. teuchis, f o rms a m a r k e d 

a n g l e ( a lmos t square ) , w h e r e a s th is région is more r o u n d e d in G. salaris. In the latter 

s p e c i e s , t h e sha f t of t he s i ck le , long a n d slender, t ape rs to a po in t b e y o n d the level of the 

t o e bu t no t to the ex ten t o b s e r v e d in G. teuchis ; consequen t l y , t he shaf t of G. teuchis 

a p p e a r s longer , the s ick le po in t m o r e cu rved a n d the aper tu re of the s ick le m o r e c losed . 

T h e re la t ive pos i t ion of t he indentat ion o n the inner cu r ve of t he h a m u l u s is s i tuated 

in t h e l owe r th i rd of t he ad jacen t do rsa l bar a t t achmen t po in t in G. salaris ( S H I N N , 

S O M M E R V I L L E and G I B S O N , 1995) . It differs f rom G. teuchis w h e r e the posi t ion of t he 

i n d e n t a t i o n , m a r k e d by the ven t ra l bar a t tachment po int , is oppos i t e the mid-po in t of the 

d o r s a l b a r a t t a c h m e n t po in t . O t h e r morpho log i ca l d i f f é rences a re p resen t l y b e i n g 

a d d r e s s e d . 

In ou r w o r k , w e u s e d ITS restr ic t ion f ragment length p o l y m o r p h i s m to d isc r im ina te 

b e t w e e n s p e c i e s of g y r o d a c t y l i d s ( C U N N I N G H A M , 1 9 9 7 ) . I n t r aspec i f i c (or e v e n 

in t ra ind iv idua l ) va r ia t ions in ITS rég ion were repor ted for severa l paras i te spec ies like 

Schistosoma japonicum ( V A N H E R W E R D E N , B L A I R a n d A G A T S U M A , 1 9 9 8 ) , 

Paragonimus westermani ( V A N H E R W E R D E N , B L A I R a n d A G A T S U M A , 1999) or 

Echinococcus granulosus ( B O W L E S , BLAIR and M c M A N U S , 1995) . W e a t h e r t hèse 

va r i a t i ons a l so occur in gy rodac ty l i ds is still u n k n o w n . As little var ia t ions in a s é q u e n c e 

m a y mod i f y d iges t ion pa t te rns ; rel iabi l i ty of ITS R F L P in gy rodac ty l i d spec ies ident i f icat ion 

r e m a i n s unce r ta in . N e v e r t h e l e s s , the da ta ob ta ined in this s tudy s h o w a h igh deg ree of 

c o n s i s t e n c y . F u r t h e r m o r e , t h e y w e r e con f i rmed by t h o s e of an i n d e p e n d e n t w o r k 

p e r f o r m e d e l s e w h e r e ( C U N N I N G H A M , persona l c o m m u n i c a t i o n ) . 

A m o n g the 535 s a l m o n i d s e x a m i n e d in th is work , any Gyrodactylus salaris w a s ever 

i d e n t i f i e d , no r by m o r p h o l o g i c a l m e t h o d s p e r f o r m e d o n 2 4 9 r a n d o m l y s e l e c t e d 

g y r o d a c t y l i d s , nor by mo lecu la r ana lys i s of 9 2 o ther s p é c i m e n s . T h è s e cons is ten t da ta 

l ead us to asser t tha t the Br i t tany a n d Wes te rn Py rénées s a m p l e s w e r e f ree f r om 

G. salaris. 
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Bes de the to ta l a b s e n c e of Gyrodactylus salaris, a n e w or ig ina l m o r p h o t y p e w a s 

o b s e r v e d on a large n u m b e r of f i sh . T h e sc ler i tes of th is m o r p h o t y p e a r e c l ose in s h a p e 

a n d ident ica l in s ize range for e a c h of the 14 cha rac te rs to t hose of G. salaris a s 

m e n t i o n e d in t h e O. I .E . « D iagnos t i c m a n u a l for aqua t i c a n i m a l d i s e a s e ». T h e i r 

m o r p h o l o g y d id not c o r r e s p o n d to any k n o w n spec ies . In assoc ia t i on to this n e w 

m o r p h o t y p e , ITS d iges t i on revea led a n u n e x p e c t e d pa t te rn on gy rodac ty l i ds p icked f r o m 

any sa lmon id spec ies . Moreover , the V 4 a n d ITS s é q u e n c e s a t t a c h e d to th is n e w pa t te rn 

d e m o n s t r a t e d its gene t i c or ig inal i ty. Nor the ITS pa t te rn , nor any of t h e two s é q u e n c e s 

we re ever r epo r ted . T h i s or ig ina l morpho log i ca l a n d gene t i c ent i ty rep resen ts a n e w 

spec ies wh i ch is n a m e d Gyrodactylus teuchis ( C U N N I N G H A M et al., in p rep. ) . 

Th is n e w spec ies sha res , a m o n g o thers , a la rge D N A s é q u e n c e (around o n e 

hund red nuc leo t ides) of V 4 rég ion w i th G. salaris. Th i s c o m m o n D N A por t ion inc ludes t h e 

target site (nuc leo t i des 679 to 6 9 4 ; C U N N I N G H A M et al., 1995) used in p r o b e 

hybr id izat ion of G. salaris. T h u s , d isc r im ina t ion b e t w e e n t h è s e t w o gy rodac ty l i d spec ies 

appea rs imposs ib le w h e n the spec ies ident i f icat ion is p e r f o r m e d w i th G s V 4 B p r o b e 

hybr id iza t ion . The re fo re , w e th ink that the ident i f icat ion of G. salaris in France, pe r f o rmed 

by J O H N S T O N et al. (1996) , resu l ts f rom such a con fus i on . 

F rom t h e p résen t k n o w l e d g e of Gyrodactylus salaris b io logy, it is p o s s i b l e to d r a w 

the ma in fea tures favour ing t h e in t roduc t ion a n d the m a i n t e n a n c e of th is paras i te in a w a t e r 

bas in or in a rég ion : ( 1 ) m a c r o - e n v i r o n m e n t a l cond i t i ons occu r r i ng in t h e wa te r bas in : w a t e r 

t empéra tu re is t he m o s t impo r tan t factor cond i t i on ing the d e v e l o p m e n t of Gyrodactylus 

salaris popu la t i ons in f reshwa te r . Rep roduc t i on rate is pos i t ive ly co r re la ted w i th t empéra tu re 

( J A N S E N a n d B A K K E , 1991) l ike bo th p reva lence a n d paras i te in tens i ty ( M O , 1992 ; 

A P P L E B Y a n d M O , 1997) ; ( 2 ) f r équen t in t roduc t ions of l ive récept ive sa lmon ids f r o m 

in fected a reas ( M A L M B E R G , 1993) or f r om di f férent geog raph i ca l o r ig ins favour t h e 

c i rcu la t ion of p a t h o g e n s . R a i n b o w t rout , t he ma jo r f a r m e d s p e c i e s in France a n d in m a n y 

o ther E u r o p e a n coun t r i es , has b e e n p roved to b e an ef f ic ient vec to r in t ransmi t t ing t h e 

paras i te to n e w local i t ies ( M A L M B E R G , 1993 ; B A K K E , J A N S E N a n d K E N N E D Y , 1991) ; 

( 3 ) p r é s e n c e of récept ive host spec ies a m o n g wh i ch : At lant ic s a l m o n , f r o m the Eas t At lant ic 

s tock like No rweg ian a n d Sco t t i sh s a l m o n ( B A K K E a n d M A C K E N Z I E , 1993) , o r f rom t h e 

Balt ic s tock ( B A K K E , J A N S E N a n d H A N S E N , 1990) ; ra inbow t rout , w h i c h is capab le of 

ma in ta in ing a paras i te popu la t i on for a long pe r i od ( B A K K E , J A N S E N a n d KENNEDY, 

1991) ; b rown trout , a l t hough th is spec ies does not rep resen t a long t e r m sui table hos t 

( J A N S E N a n d B A K K E , 1995) . 

B r i t tany a n d W e s t e r n P y r é n é e s a re i m p o r t a n t r a i n b o w t rou t p r o d u c e r s w i t h 

d ivers i f ied s tock ing or ig ins . T h e y ha rbou r the largest F rench popu la t i ons of w i ld At lant ic 

s a l m o n . At last the t e m p e r a t e wa te rs of Br i t tany a n d , in a lesser extent , of Wes te rn 

Py rénées (in wh i ch m e a n wa te r t e m p é r a t u r e is h igher than in Norway) represent g o o d 

mac ro -env i r onmen ta l cond i t i ons for the paras i te popu la t i ons . T h u s , the s a m p l e d régions 

both cumu la te ail t he bes t cond i t i ons preva i l ing in F rance for Gyrodactylus salaris 

i n t roduct ion , m a i n t e n a n c e a n d deve lopmen t . 

In the c a s e of a n ef fect ive p r é s e n c e of G. salaris in F rance for severa l yea rs , one or 

both s a m p l e d rég ions s h o u l d ha rbou r the paras i te . T h e n , t he G. salaris p reva lence w o u l d 

d é p e n d on the suscept ib i l i ty of t he bas in nat ive s a l m o n s t ra ins . T h i s suscept ib i l i t y can b e 

located b e t w e e n t w o e x t r ê m e s ta tus : ( 1 ) suscept ib i l i ty c lose to tha t of N o r w e g i a n or Scot t ish 

s a l m o n (exper imenta l l y a s s e s s e d by B A K K E a n d M A C K E N Z I E , 1993) , w h o bo th be long to 

the East At lant ic s tock , as French s a l m o n are c o n s i d e r e d to b e l o n g . T h e n , in t he fall, t he 

p reva lence on s a l m o n par r s h o u l d b e c lose to 100 % a n d paras i te in tens i ty shou ld be qu i te 

h igh . T h e r e f r o m , the m e t h o d used in th is wo rk cou ld not have fa i led in G. salaris dé tec t ion . 

( 2 ) rés is tance to G. salaris, l ike in Bal t ic s a l m o n s tock (wh ich is c o n s i d e r e d di f férent f r o m 

East At lant ic s tock) . To ou r k n o w l e d g e , da ta abou t p reva lence of G. salaris on w i l d Balt ic 

s a l m o n are insuf f ic ient to p rov ide a bas is for the es t ima t ion of a m i n i m u m p reva lence in t h e 
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c a s e of rés is tan t French At lant ic s a l m o n . However, M A L M B E R G and M A L M B E R G (1993) 

i nves t i ga ted 15 Swed i sh r ivers in the Balt ic dra inage région for gy rodac ty l ids ; G. salaris 

o c c u r e d in t h r e e r ivers and its p reva lence on Atlantic sa lmon parr or smo l ts var ied be tween 

2 0 to 6 8 % . Bes ides , R I N T A M A K I - K I N N U N E N and V A L T O N E N (1996) s tud ied the 

p r e v a l e n c e of G. salaris on f a r m e d At lant ic sa lmon parr f rom the Balt ic stock. The va lue 

s i t u a t e d b e t w e e n 8.8 % a n d 17.7 % on year l ings (âge 1+) and smo l t s but was much lower 

(1 .2 % ) a m o n g f inger l ings (âge 0+) . 

A c c o r d i n g to C A N N O N a n d R O E in T H R U S F I E L D (1995) , the probabi l i ty (p) of 

fa i lu re to de tec t any paras i t i zed f ish in a samp le (size = n) f rom an inf ini té popu la t ion 

d e c r e a s e s w i th inc reas ing levels of preva lence (P) : 

- for P < 5 %, if n = 100, t hen p < 0.006. Thus , the a b s e n c e of G. salaris in the 

s a m p l e s f r o m Br i t t any (n = 192 At lant ic s a l m o n ) a n d f r o m W e s t e r n P y r é n é e s 

(n = 115 A t lan t i c sa lmon ) m e a n s that th is spec ies is absen t f r om the s a m p l e d water bas ins 

in B r i t t any a n d f r o m the A d o u r bas in w i t h , at least 99 .4 % level of con f i dence . 

- If t h e to ta l samp le s ize (535 w i ld a n d f a r m e d récept ive sa lmon ids f rom both areas) 

is t a k e n in to accoun t , t h e n , G. salaris can be cons ide red absen t f rom thèse t w o rég ions at 

a 9 9 . 3 % level of con f i dence for a prevalence super io r to 1 % or wi th a 99.9 % level of 

c o n f i d e n c e for a p reva lence above 2 % . 

T h e a b s e n c e of G. salaris in t h è s e régions a n d the highly p robab le con fus ion of 

G. salaris w i t h G. teuchis by J O H N S T O N et al. (1996) m a k e s dub ious the ac tua l p résence 

of G. salaris in France. 

G y r o d a c t y l i d s a re c o m m o n paras i tes o n sa lmon ids . The i r p résence in ail the 

s a m p l i n g s i tes is not su rp r i s i ng . The i r preva lence on w i ld f ish in Br i t tany is s igni f icant ly 

h i g h e r t h a n in W e s t e r n Py rénées . W e s t e r n Py rénées wa te rs rema in co ld dur ing several 

m o n t h s in w in te r and sp r i ng , b e c a u s e of snow t h a w i n g , wh i l e wa te r t empéra tu re in Br i t tany 

r e m a i n s re la t ive ly h igh b e c a u s e of t he Gul f s t ream effects. T h è s e d i f fé rences in respect ive 

t e m p é r a t u r e pa t t e rns m a y exp la in t h e respect ive levels of p reva lence . M O (1992) , 

M A L M B E R G (1993) a n d A P P L E B Y a n d M O (1997) re la ted a pos i t ive cor ré la t ion b e t w e e n 

t e m p é r a t u r e a n d both p reva lence a n d intensity of Gyrodactylus salaris on At lant ic s a l m o n 

par rs . 

P r e v a l e n c e of gy rodac ty l i ds on w i ld brown trout w a s a r o u n d tw ice that o b s e r v e d on 

A t lan t i c s a l m o n . Th is s ign i f i cant d i f fé rence is probably re la ted to the respect ive recept iv i t ies 

of e a c h hos t spec ies to e a c h gy rodac ty l i d spec ies. Th i s resui t w a s s t rong ly ampl i f ied in 

r es tock i ng f a r m s , w h e r e the p reva lence on brown trout w a s s ign i f icant ly h igher than that on 

w i l d t rou t . T h i s is cons is ten t w i th M A L M B E R G (1993) w h o cons ide rs that the h igher f ish 

d e n s i t y in t h e tanks of a f a rm favours the deve lopment of gy rodac ty l id popu la t ions . T h e 

p r e v a l e n c e level is a l so subm i t t ed to the inf luence of ex te rna l t rea tmen ts . It mus t be no ted 

tha t , in ou r w o r k , f ish f a r m e r s w e r e a s k e d no t to t reat for severa l days before samp l ing wh ich 

m a y exp la in t h e 100 % p reva lence occu r i ng in f a r m e d b rown trout . 

A d e s p i t e a h igher dens i ty in f a rm ing cond i t ions, an oppos i t e pat tern w a s obse rved 

o n A t lan t i c s a l m o n : w i ld f ish w e r e signif icant ly mo re paras i t i zed than f a rmed ones . Severa l 

f ac to rs c o u l d b e invo lved in th is obse rva t i on : ( 1 ) the ma in env i ronmen ta l d i f férence be tween 

w i l d a n d f a r m e d s a l m o n is t he a b s e n c e of any cohab i ta t i on be tween the latter and other f ish 

s p e c i e s ; ( 2 ) At lant ic s a l m o n f a rm ing for river s tock ing is c o n s i d e r e d as mo re dél icate than 

b r o w n t rou t f a rm ing ; consequen t l y , s a l m o n is t h e sub jec t of spéc i f ie care , as, lower dens i ty 

( c o m p a r e d to tha t of b r o w n t rout) a n d mo re f réquent ant iparas i t ic t rea tmen ts . 
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B e c a u s e of t he oppos i t e p ropor t i ons of Gyrodactylus teuchis b e t w e e n b rown t rou t 

and At lant ic s a l m o n , in bo th W e s t e r n P y r é n é e s a n d Bri t tany, t he adap ta t i on of G. teuchis to 

b r o w n t rout a p p e a r e d bet ter t han to At lant ic s a l m o n . Moreove r , the latter is mos t l y 

pa ras i t i zed by G. derjavini w h i c h is ye t c o n s i d e r e d m o r e spéc i f i e of b r o w n t rou t 

( M A L M B E R G , 1993) . Neve r the less , o c c u r r e n c e of G. derjavini o n s a l m o n parrs is a 

c o m m o n fea tu re in o the r coun t r i es ( B A K K E er al., 1992 ; M A L M B E R G a n d M A L M B E R G , 

1993 ; S H I N N , S O M M E R V I L L E a n d G I B S O N , 1995) . 

C O N C L U S I O N S 

T h e f i rst impor tan t resui t of this s tudy is t he a b s e n c e of Gyrodactylus salaris in t h e 

r ivers of Br i t tany a n d W e s t e r n P y r é n é e s . T h e s e c o n d is t h e o c c u r r e n c e of a n e w spec ies 

be long ing to the Gyrodactylus g e n u s : Gyrodactylus teuchis. Th i s paras i te w a s probably 

c o n f u s e d w i th Gyrodactylus salaris by J O H N S T O N et al. (1996) b e c a u s e of their c l ose 

mo rpho logy a n d s o m e gene t i c s imi lar i t ies. 

T h e a b s e n c e of G. salaris in t he t w o s a m p l e d rég ions imp l ies its poss ib le absence 

f r om the w h o l e F rench terr i tory. Fur ther inves t iga t ions in o the r a r e a s ha rbou r i ng At lant ic 

s a l m o n s h o u l d be p e r f o r m e d . B e c a u s e of t h e p a r t i c u l a r s t a t u s of r a i n b o w t r o u t 

( M A L M B E R G , 1993) , th is su rvey shou ld e v e n be e x t e n d e d to ra i nbow t rou t f a r m s . 

If the a b s e n c e of th is paras i te w a s c o n f i r m e d , t hen F r e n c h hea l th s ta tus towards 

G. salaris shou ld be s o o n r e - e x a m i n e d . T h e e r r o n e o u s ident i f i ca t ion of G. salaris due to 

the con fus ion w i th G. teuchis m a y a l so have o c c u r r e d in o the r E u r o p e a n coun t r ies . 

A ser ious inves t iga t ion in w h o l e con t inen ta l E u r o p e s h o u l d be ca r r ied out to clarify t h e 

ac tua l in fec ted a r e a w h i c h cu r ren t l y r ema ins u n k n o w n . 

Gyrodactylus teuchis is w ide ly d is t r ibu ted in t h e s a m p l e d rég ions a n d has b e e n 

f o u n d to paras i t i ze the th ree s a m p l e d sa lmon ids . M o s t b io log ica l charac te r i s t i cs of this n e w 

spec ies , espec ia l l y its spec i f ic i ty a n d pathogenic i ty , a re by n o w u n k n o w n and dese rve to 

be inves t iga ted . 

Th is pape r is an oppo r tun i t y to h igh l ight the c o m p l e m e n t a r i t y of t w o ident i f icat ion 

m e t h o d s : t he c lass ica l mo rpho log i ca l exam ina t i on a n d t h e récen t mo lecu la r ana lys is . 

Never the less , s o m e di f f icul t ies e n c o u n t e r e d in our w o r k a long t h e ident i f icat ion process , 

revea led s o m e s h o r t e o m i n g s in e a c h m e t h o d . Th is p a p e r is an occas ion to highl ight t he 

interest of an i m p r o v e m e n t in bo th m e t h o d s . 
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