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L O N G - T E R M T R E N D S IN T H E G L A S S E E L S I M M I G R A T I N G 
AT DEN O E V E R . T H E N E T H E R L A N D S . 

W I L L E M D E K K E R 

Ne the r l ands Inst i tute for F isher ies R e s e a r c h , R O . Box 68 , 1970 A B U m u i d e n , 

T h e Ne the r l ands . 

A B S T R A C T 

Immig ra t ing g lassee ls (Anguilla anguilla L.) have been s a m p l e d in D e n Oever , the 

Ne the r l ands , for n u m b e r s per d ipne t hau l (s ince 1938) a n d for leng th d is t r ibu t ion (since 

1960) . T h e da ta f r om 1960 th rough 1996 w e r e a n a l y s e d to de tec t t r ends over the years. 

Spec ia l a t ten t ion is pa id to t h e ana lys i s of po tent ia l a r te fac ts c a u s e d by the samp l i ng 

st rategy. M e a n length and n u m b e r s w e r e pos i t ive ly co r re la ted , wh i le the t im ing s h o w e d 

i ndependen t , sho r t - t e rm f luc tua t ions . F rom 1987 o n w a r d s , n u m b e r s of g lassee ls w e r e well 

be low the overa l l ave rage , a n d they w e r e s ign i f icant ly smal ler . S ince t h e m i n i m u m in 1 9 9 1 , 

n u m b e r s a n d m e a n leng ths a re bo th i nc reas ing , a l t hough they are stil l be low ave rage . It is 

tenta t ive ly c o n c l u d e d that t hese l ong - te rm c h a n g e s are re la ted to ocean i c cond i t ions , 

w h i c h have c a u s e d the p ro longed a n d o c e a n - w i d e recru i tment fa i lure in ee ls , w i t h the 

exc lus ion of s u g g e s t e d con t inen ta l c a u s e s . Fu r the r c lar i f icat ion of t h e rec ru i tmen t p rob lem 

in eel is on ly to be expec ted w h e n the rep roduc t i on p rob lem is p roper ly a d d r e s s e d , at t he 

in te rna t iona l level . 

K e y - w o r d s : Anguilla anguilla, g l assee l , a b u n d a n c e , length , seasonal i ty , t r ends . 

L E S T E N D A N C E S P R O L O N G É E S D ' I M M I G R A T I O N D E S C I V E L L E S 
À D E N O E V E R , P A Y S - B A S . 

R É S U M É 

Les c ive l les (Anguilla anguilla L.) immig ran tes à D e n Oever , Pays -Bas , ont é té 

échan t i l l onnées depu is 1938, pour m e s u r e r les Pr ises par Uni té d 'Ef for t ( P U E ) et, depu is 

1960, la d is t r ibu t ion des longueurs d e s c ive l les est é g a l e m e n t éva luée . Les résul ta ts d e 

1960 à 1996 ont é té ana lysés , af in de décr i re les t e n d a n c e s duran t cet te pér iode . 

L 'analyse a é té concen t rée pa r t i cu l i è remen t sur les a r te fac ts d 'échan t i l l onnage . O n 

o b s e r v e une cor ré la t ion ent re la l ongueur d e s c ive l les et les P U E , ma is la sa i son d 'ar r ivée 

a f l uc tué de m a n i è r e i n d é p e n d a n t e . D e p u i s 1987 , les P U E m o y e n n e s on t baissé 

s ign i f i ca t i vement pa r rappor t a u x a n n é e s p r é c é d e n t e s . Pendan t cet te pér iode , la tai l le 

m o y e n n e des c ive l les a éga lemen t d i m i n u é . A par t i r de 1 9 9 1 , une a u g m e n t a t i o n de la 

l ongueu r m o y e n n e et des P U E s 'est a m o r c é e s a n s a t te indre les n iveaux p r é c é d e n t s . Nous 

a v o n s é m i s l 'hypothèse q u e les f luc tua t ions o b s e r v é e s son t p r o v o q u é e s par d e s cond i t ions 

o c é a n o g r a p h i q u e s , et non pas par d e s cond i t i ons con t inen ta les . L'analyse des causes de 

cet te ba i sse de rec ru temen t dev ra ob l i ga to i remen t p rend re en c o m p t e l 'é tude de la 

rep roduc t ion de l 'angui l le. Ce la ne peu t ê t re env i sagé que par une é tude m e n é e a u niveau 

in te rna t iona l . 

M o t s - c l é s : Anguilla anguilla, c ive l les, a b o n d a n c e , longueur , sa i sons , t endances . 
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I N T R O D U C T I O N 

R e c r u i t m e n t f a i l u r e 

A p r o l o n g e d rec ru i tmen t fa i lure of the E u r o p e a n eel Anguilla anguilla L. has b e e n 

o b s e r v e d s i nce the m idd le of t he e igh t ies all over Eu rope (MORIARTY, 1990) . At t he s a m e 

t i m e , a para l le l d o w n w a r d t r end has been f ound in the few records that are ava i lab le for 

t h e A m e r i c a n eel Anguilla rostrata ( C A S T O N G U A Y et al., 1994a) . For bo th spec ies , 

po ten t i a l c a u s e s have b e e n l is ted ( C A S T O N G U A Y et ai, 1994b ; EIFAC, 1993) . S ince the 

life c yc l es a re still la rge ly hypo the t i ca l ( T U C K E R , 1959 ; D E K K E R a n d W E L L E M A N , 

1 9 8 9 ) , h y p o t h e s e s o n the c a u s e s of t he recru i tment fa i lure a re still h ighly specu la t i ve . 

T h e p roper ident i f ica t ion of the true c a u s e s of the histor ic c h a n g e s in rec ru i tmen t 

leve ls is h a m p e r e d by t w o fac to rs : the ocean ic p h a s e s are by their very na ture far out on 

t h e o c e a n a n d there fo re di f f icul t to s tudy, wh i le the con t inen ta l phases are found sca t te red 

al l ove r E u r o p e , i.e. a con t i nen t w i d e a s s e s s m e n t of the s ta te of t he s tock is pract ica l ly 

imposs ib l e . E x p e r i m e n t a l w o r k c a n easi ly be i m p l e m e n t e d local ly for the con t inen ta l 

p h a s e s , but it is a lmos t imposs ib le to study the ocean i c cond i t ions far out at s e a b e c a u s e 

of t h e h igh cos ts invo lved . Th i s asymmet r i ca l d is t r ibut ion of cos ts over land a n d s e a 

po ten t ia l l y g e n e r a t e s a b ias t o w a r d s ident i fy ing con t inen ta l causes as the mos t l ikely o n e s . 

A l t h o u g h the re is a n e e d to exp lo re the ocean ic op t ion mo re extensively, the cu r ren t pape r 

wi l l a n a l y s e a set of con t i nen ta l da ta for poss ib le in fo rmat ion o n the ocean ic s tages . 

Ee ls a re long l ived, s low ly g row ing an ima l s , w i th b road over lap in s ize b e t w e e n 

c o h o r t s f r o m ad jacen t yea rs ( M O R I A R T Y a n d S T E I N M E T Z , 1979 ; V O L L E S T A D a n d 

N / E S J E , 1988 ; D E K K E R , 1996) . E s c a p e m e n t to the o c e a n in any yea r c o m p r i s e s a n i m a l s 

b o r n m a n y y e a r s apa r t a n d a n y cont inenta l popu la t i on cons i s t s of m a n y coho r t s . Essent ia l 

c h a n g e s in the to ta l popu la t i on a re no t likely to occu r in the shor t run . Not ing t h e longev i ty 

a n d t h e m i x i n g of c o h o r t s on the con t inen t , it s e e m s m o r e p laus ib le to re late o b s e r v e d year 

to y e a r c h a n g e s ( M O R I A R T Y , 1994) to loca l c i r c u m s t a n c e s or des igna te t h e m as 

s t ochas t i c va r i a t i on . Th i s imp l ies tha t ocean ic s igna ls in cont inenta l da ta a re l ikely to be 

d e t e c t e d on ly in very long da ta ser ies . 

G l a s s e e l s a m p l i n g a t D e n O e v e r 

G l a s s e e l s immig ra t ing f r o m the W a d d e n s e a to lake U s s e l m e e r have been s a m p l e d 

at D e n O e v e r for sc ient i f ic p u r p o s e s f rom 1938 o n w a r d s ( D E K K E R , 1986) . Fo l low ing 

e x p e r i m e n t a l wo rk on t h e p rox ima te causes of immigra t ion ( D E E L D E R , 1958) , de ta i l ed 

m e a s u r e m e n t s of t h e leng th d is t r ibu t ions have s ta r ted in 1960 . Aspec t s of var ia t ion in t h e 

a n n u a l a b u n d a n c e of g l assee l s have been a n a l y s e d before ( D E K K E R , 1986) . In th is 

paper , t he d a t a set on leng th d is t r ibut ions, s p a n n i n g a pe r iod of 3 7 yea rs now a n d 

c o m p r i s i n g 6 5 5 8 4 g l assee l s in 4 3 8 samp les , is p resen ted and ana l ysed for poss ib le long-

t e r m c h a n g e s ; addi t ional ly , s o m e n e w aspec ts of t he da ta on a b u n d a n c e are p r e s e n t e d , 

re la t ing to 3 2 5 104 g l assee l s in 11 5 9 5 dipnet hau ls f r om 1960 onwards . 

In par t icu lar , the ana lys i s wil l focus o n th ree aspec ts : the n u m b e r of g lassee ls 

c a u g h t , t h e t im ing of thei r immig ra t i on season , a n d thei r length d is t r ibut ion. S ince no 

a priori re la t ionsh ip b e t w e e n any of t h e s e aspec ts is s u s p e c t e d , each of t h e m is ana l ysed 

separa te ly . T h e stat is t ica l a n a l y s e s wi l l focus o n factors re la ted to the samp l i ng s t ra tegy in 

o rde r to de r i ve the best es t ima tes . In part icular , no effort wil l be m a d e to relate immigra t ion 

p a r a m e t e r s to local c i r c u m s t a n c e s . Truly ocean ic ef fects might easi ly be mis ident i f ied as 

loca l c i r c u m s t a n c e s t h r o u g h s p u r i o u s cor re la t ions. B e s i d e s ef fects of samp l i ng , spec ia l 

a t t en t i on wi l l be pa id to poss ib le con found ing of e a c h of t h e th ree t ime ser ies by the t w o 

o the rs . A posteriori, t he resu l t ing t ime ser ies wil l be co r re la ted over the years , to de tec t 

c o m m o n , l ong - t e rm s igna ls that m igh t be at t r ibuted to the ocean i c p h a s e s of the life cyc le . 
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M A T E R I A L 

Lake U s s e l m e e r is a f r e s h w a t e r lake, rec la imed f r om the W a d d e n s e a in 1 9 3 2 by a 

d ike (de Afs lu i td i jk) . T h e su r face of t he lake has s tepw ise dec l i ned f r o m an or ig ina l 3 4 5 0 k m 2 

by land rec lamat ion , unt i l in t h e late s ix t ies on ly 1 8 2 0 k m 2 r e m a i n e d . In 1976 , a d i ke was 

bui l t s e p a r a t i n g a 6 0 0 k m 2 c o m p a r t m e n t . T h e d i s c h a r g e of t h e r iver U s s e l into 

the lake (average 7 kmVyr, c o m i n g f r o m the r iver Rh ine) is s lu i ced t h r o u g h the Afs lu i td i jk into 

the W a d d e n s e a at low t ide, by pass ive fal l . 

G lassee l s a re a t t rac ted by th is f low a n d en te r the lake by ac t i ve s w i m m i n g , mainly 

t h r o u g h the s lu ices a n d sh ip locks . In 1938, six years af ter the c losu re of t h e Afslui tdi jk, a 

sc ient i f ic samp l i ng p r o g r a m m e for g lassee ls w a s set up at t he s lu i ces in D e n Oever 

( 52 °56 ' 20 "N 0 5 ° 0 2 ' 7 0 " E ) , in co -ope ra t i on b e t w e e n the ope ra to rs of t h e s lu i ces (Minist ry of 

W a t e r M a n a g e m e n t ) a n d t h e N e t h e r l a n d s Inst i tute for F i sher ies R e s e a r c h . Th i s samp l i ng 

w a s ca r r ied out at n ight at two -hou r l y in terva ls du r ing sp r i ng , us ing a i m 2 d ipne t with a 

m e s h of 1 m m 2 , jus t in f ront of o n e of t he c l o s e d s lu ices . T h e c a t c h of g l a s s e e l s was 

c o u n t e d a n d re tu rned to the water . T h e sys tema t i c s a m p l i n g usua l l y s ta r ts e a c h y e a r when 

p rob ing ind icates the ac tua l b e g i n n i n g of the immig ra t ion , a n d e n d s w h e n c a t c h e s have 

dec l i ned to negl ig ib le quant i t ies . T h e samp l i ng p rocedu re a n d the resu l ts h a v e been 

d e s c r i b e d in m o r e detai l by D E K K E R (1986 ) . Add i t iona l ly , s ince 1 9 6 0 , t h e length 

c o m p o s i t i o n of the g lassee ls has b e e n s a m p l e d . In pr inc ip le , t h e s a m p l e s used for t h e 

a b u n d a n c e samp l i ng we re u s e d aga in for length m e a s u r e m e n t s . Bu t w h e n c a t c h e s were 

too low, add i t iona l d ipne t hau ls w e r e m a d e or even l ight dev i ces w e r e used to attract 

g lassee ls . In the lat ter case , s a m p l i n g w a s car r ied ou t at t h e sh ip locks (52°55 '90 "N 

0 5 ° 0 2 ' 8 0 " ) , not to interfere w i th the regu lar d ipne t s a m p l i n g . S a m p l i n g usua l l y occu r red 

before midn igh t , tak ing 150 a n i m a l s on average . T h e fo l low ing m o r n i n g , the a n i m a l s were 

anaes the t i zed in a so lu t ion of M S 2 2 2 a n d m e a s u r e d to the neares t mi l l imet re . Original ly, 

leng th m e a s u r e m e n t s w e r e t a k e n tw i ce a week , but f r om 1966 o n w a r d s t h e p r o g r a m m e 

w a s reduced to on ly o n c e a w e e k . 

In the fo l lowing ana l yses , t h e s e da ta sets wi l l be ident i f ied as the C a t c h per Unit of 

Effort ( C P U E ) da tase t a n d the Leng th F requency d is t r ibut ion (LF) da tase t respect ively, 

n a m i n g the p r imary a i m s of the da ta co l lec t ion . T h e stat is t ical a n a l y s e s p r e s e n t e d in t h e 

s u b s e q u e n t pa rag raphs w e r e ca r r i ed ou t us ing the s tat is t ica l p a c k a g e SAS® (SAS 

I N S T I T U T E INC. , 1989) , m o d u l e s G e n m o d a n d C a t m o d . T h e stat is t ica l m o d e l s will be 

de ta i led in the s u b s e q u e n t pa rag raphs . 

N U M B E R O F G L A S S E E L S 

S t a t i s t i c a l m o d e l 

T h e C P U E - d a t a s e t h a s b e e n a n a l y s e d for the numer i ca l s t reng th of t he annual 

immigra t ion by D E K K E R (1986) . Year to year var ia t ion , m o n t h to m o n t h var ia t ion , hour to 

hour var ia t ion a n d var ia t ion d u e to the wa te r t empe ra tu re w e r e ident i f ied as factors of 

subs tan t ia l in f luence. Wa te r t e m p e r a t u r e w a s found to be s t rong ly co r re la ted w i th t h e 

m o n t h a n d cons ide red to be a nu i sance factor a n d w a s the re fo re d r o p p e d . T h e current 

ana lys i s t akes the s a m e set of exp lana to ry var iab les . However , the s ta t is t ica l m o d e l differs 

in its s tochas t i c c o m p o n e n t . 

D E K K E R (1986) f i t ted a l inear m o d e l to the log- t rans fo rm of t h e n u m b e r of g lassee ls 

(y) caugh t per hau l , tak ing the log of y + 1 , i.e. one g lassee l w a s a d d e d to t h e t rue 

obse rva t i on . O n e g lassee l no rma l l y is a negl ig ib le quant i t y in c o m p a r i s o n wi th t h e t rue 

obse rva t i on , but its add i t ion c u r e s t h e s p a r s e ze ro obse rva t i ons . T h e log- t rans fo rmat ion 
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w a s u s e d (1) to n o r m a l i s e the res idua l error of the stat is t ical m o d e l , a n d (2) to t rans fo rm 

mu l t i p l i ca t i ve ef fects of yea rs , m o n t h s and hours into addi t ive ef fects. The ana lys is of 

D E K K E R ( 1 9 8 6 ) w a s b a s e d on the dataset f r o m 1938 t h rough 1985, and d id not conta in 

m a n y y e a r s in wh i ch the ave rage ca tch was c lose to 1 . However , in the fo l lowing years , 

i m m i g r a t i o n levels d r o p p e d to t h e o rder of m a g n i t u d e w h e r e one g lassee l is no longer a 

neg l i g i b l e quant i t y ! 

D E K K E R (in prep. ) r e - a n a l y s e d the s a m e da tase t (ex tended th rough 1995) wi th 

r e s p e c t to t h e p roper s tat is t ica l d is t r ibut ion of t h e er rors , tak ing a semi -pa ramet r i c 

a p p r o a c h . T h e ana lys i s s h o w e d tha t t h e stat ist ical d is t r ibut ion of the res idua ls is i ndeed 

nea r l y e q u i v a l e n t t o a n o r m a l d is t r ibu t ion of l og (y+1) . However , D E K K E R (in prep.) w a r n e d 

a g a i n s t t h e u s e of l og (y+1 ) b e c a u s e of the effect that the t rans fo rmat ion has on the 

l inear i ty of t h e m o d e l at low e x p e c t e d va lues. T h e use of a pa ramet r i c quas i - l i ke l ihood, 

w i t h e : °° | i : + u w a s p r o p o s e d as an a l ternat ive, hav ing an error d is t r ibut ion compa rab le to 

l ° 9 ( y + 1 ) > D u t n o d is tor t ion of the p red i c ted va lues at low expec ta t ions . 

R e s u l t s 

T h i s s u g g e s t i o n of a pa rame t r i c quas i - l i ke l ihood w a s fo l l owed in the cur rent 

ana lys i s , us ing the m o d u l e G e n m o d of SAS® (SAS I N S T I T U T E INC., 1989) , w i th var iance 

V = u 2 + u a n d a log l ink func t ion . F igure 1 presents the es t ima ted year effect con forming to the 

t h ree m o d e l s acco rd ing to D E K K E R (1986), to D E K K E R (in prep.) and to the current 

ana lys is . It s h o w s tha t the p r o p o s e d parametr ic quasi - l ike l ihood ( £ : °° u : + u ) indeed c losely 

r e s e m b l e s t h e stat ist ical ly a n d computa t iona l ly m u c h more d e m a n d i n g semi -paramet r ic 

quas i - l i ke l i hood . However, it a lso s h o w s that t h e t rans format ion log(y+1) does indeed differ 

subs tan t ia l l y f r om t h e o ther two ana l yses in years w i th very low expecta t ions due to the 

co r rup t i ng ef fect of t he +1 on the mult ipl icat ivi ty of the m o d e l . T h e log- t ransform est imates 

F i g u r e 1 

C P U E o f g l a s s e e l s c a u g h t a t D e n Oever ( e x p r e s s e d a s e x p e c t e d c a t c h i n A p r i l , a t 

10 p . m . ) a s a f u n c t i o n o f t h e y e a r o f s a m p l i n g ( N / h a u l ) : c o m p a r i s o n o f e s t i m a t e s 

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

o b s e r v a t i o n s ( s e e t e x t ) . 

F i g u r e 1 
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indicate recru i tment levels fell s tead i ly f rom 1981 onwards , wh i le the t w o o the rs es t imate a 

s teeper dec l ine in 1 9 8 1 , fo l lowed by a recovery to average va lues , last ing t h rough 1987. 

Clearly, the cho ice of a stat ist ical mode l is not immater ia l to the in terpretat ion o f the 

recru i tment fai lure. In the fo l lowing, the paramet r ic quas i - l i ke l ihood m o d e l is used , s ince it 

fo l lows the more soph is t i ca ted resul ts of the semi -paramet r i c m o d e l c losely, wh i le keeping 

compu t i ng t ime a n d tractabi l i ty of resul ts at an acceptab le level. T h e n u m b e r of g lassee ls 

at Den Oever is s h o w n as the year t e r m in the log of the expec ted va lue , w h i c h m e a n s that 

the abundance ind ices are on a logar i thmic sca le . 

T h e a b u n d a n c e of g l assee l s in D e n Oeve r ( f igures 1 a n d 5a ) w a s ve ry h igh in the 

mid s ix t ies, h igh at t h e e n d of t he seven t ies , d r o p p e d cons is ten t l y f r o m 1 9 7 9 to 1 9 8 3 , but 

d id not dec l ine be low the overa l l m e a n unti l 1986 . Finally, ve ry low v a l u e s w e r e f o u n d from 

1987 unti l 1993 , fo l l owed by a s l ight i nc rease in t h e mos t recen t yea rs . T h e lowest 

a b u n d a n c e on reco rd o c c u r r e d in 1 9 9 1 , a l t hough the c h a n g e s in a b s o l u t e n u m b e r s in the 

yea rs fo l lowing 1987 are ve ry sma l l i ndeed . T h e b r e a k d o w n of t h e tota l var ia t ion in the 

n u m b e r s caugh t over t h e s o u r c e s of var ia t ion is p resen ted in tab le I. 

T a b l e I 

A n a l y s i s o f v a r i a n c e ( A N O V A ) o f t h e n u m b e r o f g l a s s e e l s . 

T a b l e a u I 

A n a l y s e d e v a r i a n c e d e l ' é v o l u t i o n i n t e r a n n u e l l e d u n o m b r e d e c i v e l l e s . 

source deviance % df mean dev. F P 

year 8597 7 36 238.80 29.14 0.0000 

month 1677 1 4 419.21 51.15 0.0000 

hour 1290 1 10 128.96 15.73 0.0000 

colinearity 895 1 

subtotal 12458 10 50 249.16 30.40 0.0000 

MANDEL(year)*month 84 0 3 27.88 3.40 0.0169 

explained 12541 10 53 236.63 28.87 0.0000 

residual 94583 79 11540 8.20 

total 119666 100 11593 10.32 

C o n f o u n d i n g b y t i m i n g o f t h e s e a s o n 

T h e above ana lys i s of the n u m b e r of g lassee ls is b a s e d on the a s s u m p t i o n tha t the 

( log of the) n u m b e r s c a u g h t c a n be rep resen ted by th ree , mu tua l l y i n d e p e n d e n t ef fects : 

year to year va r ia t ion , m o n t h to m o n t h var ia t ion a n d hou r to hou r va r i a t i on . This 

a s s u m p t i o n is ra ther rest r ic t ive, espec ia l l y s ince the e s t i m a t e d n u m b e r s of g lassee ls wil l 

be co r re la ted in the fo l low ing to t h e t im ing of t he s e a s o n . M A N D E L (1959 ) p r o p o s e d a test 
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for i n te rac t i on ef fects w i th a low number of deg rees of f r e e d o m , wh i ch is k n o w n as 

« M A N D E L s bund le of s t ra ight l ines » (M ILL IKEN and J O H N S O N , 1989) . Ins tead of the full 

i n te rac t i on of two factors , the in teract ion of one factor wi th the es t ima ted ef fects of the 

o the r is m o d e l l e d . A p p l y i n g th is test to the number of g lassee ls ( table I) y ie lds a 

s ta t is t i ca l l y s ign i f icant resul t : s t rong yearc lasses have a h igher a b u n d a n c e in May, and a 

l ower in M a r c h a n d Apr i l . However , the magn i t ude of t hese c h a n g e s is very smal l : a 

y e a r c l a s s of 10 t imes the ave rage abundance over the w h o l e s e a s o n (which is the 

m a x i m u m fac to r ac tua l l y o b s e r v e d ) wil l have 6.5 t imes the ave rage in M a r c h , 7.2 t imes the 

a v e r a g e in Apr i l a n d 10.6 t i m e s the average in May. Less than 1 % of t h e total va r iance 

is e x p l a i n e d by M A N D E L s bund le of straight l ines test . T h u s , the con found ing of the 

e s t i m a t e d n u m b e r of g l assee l s by the t iming of the immig ra t ion s e a s o n is stat ist ical ly 

s ign i f i can t , but in p rac t i ce neg l ig ib le . 

C o n f o u n d i n g b y l e n g t h o f t h e g l a s s e e l s 

T h e in f luence of t he ave rage length p e r year canno t be es t ima ted concur ren t l y wi th 

t h e e s t i m a t i o n of t he n u m b e r per year, b e c a u s e the one a l iases the other. S ince 

c o n f o u n d i n g of a b u n d a n c e es t ima tes by length d is t r ibut ions s e e m s h igh ly unlikely, it w a s 

d e c i d e d to ignore it, i.e. to a s s u m e c h a n g e s in the ave rage length do not in f luence the 

e s t i m a t i o n of t he n u m b e r of g l assee l s in front of the s lu ices . 

T I M I N G O F T H E I M M I G R A T I O N S E A S O N 

S t a t i s t i c a l m o d e l 

T h e C P U E da tase t c a n a l so be u s e d d i rect ly to ana l yse the t iming of the 

i m m i g r a t i o n . S ince the s a m p l i n g w a s conduc ted at (near ly ) f ixed in terva ls th roughou t the 

s e a s o n , the to ta l d a t a s e t y ie lds a (near ly ) unb iased es t ima te of t he da te of arr ival . In th is 

a n a l y s i s , t h e date of s a m p l i n g is t aken as the obse rva t i on , a n d the n u m b e r caugh t as 

w e i g h t i n g fac to r for tha t o b s e r v a t i o n . Vary ing samp l i ng in tensi ty at t he very star t of the 

s e a s o n a n d at the ve ry e n d d o e s not have a substant ia l ef fect on the ana lys is , s ince the 

n u m b e r of g lassee ls is ve r y low du r i ng these per iods . 

T h e m a i n s e a s o n of immig ra t i on usual ly s tar ts in the beg inn ing of M a r c h , p e a k s at 

t h e e n d of Apr i l and e n d s in the beg inn ing o f June , a l though s ing le g lassee ls have b e e n 

o b s e r v e d f r o m D e c e m b e r t h r o u g h July. In f i gu re 2, t he ear l ies t (1973) a n d latest (1963) 

p a t t e r n s of immig ra t i on a re s h o w n , represen ted by the da i ly c a t c h , co r rec ted for t he hour 

of s a m p l i n g . T h i s co r rec t i on w a s b a s e d on the above ana lys is of t h e n u m b e r of g lassee ls . 

T h e stat is t ical ana lys i s of t h e season of immigra t ion w a s b a s e d on cumu la t i ve 

c a t e g o r i c a l m o d e l s ( F A H R M E I R a n d T U T Z , 1994 ) . 

D a t e s were c lass i f ied into seven-day-per iods , s ta r t ing on J a n u a r y 1st. To avo id 

w e e k s w i t h o u t obse rva t i ons , da tes be fore March 10th w e r e poo led (1.1 % of ca t ches ) , as 

w e r e d a t e s f r o m June 1st o n w a r d s (0.6 % of ca t ches ) . 

T h e ana lys is w a s ca r r i ed ou t us ing the m o d u l e C a t m o d of SAS®, tak ing each year as 

a s e p a r a t e popu la t i on . T h e cumu la t i ve logits of the o b s e r v e d f requenc ies per w e e k w e r e 

a n a l y s e d by w e i g h t e d leas t s q u a r e s . T h e w e e k n u m b e r w a s i n c l u d e d a s an 

e x p l a n a t o r y var iab le in the m o d e l , i.e. a th resho ld in tercept , to a l low for the asymmet r i ca l 

a n d n o n - n o r m a l d is t r ibu t ion of t he immigra t ion over the w e e k s . T h e c h a n g e s in immigra t ion 

s e a s o n f r o m yea r to year w e r e m o d e l l e d as a shift var iab le. 
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Figure 2 

Timing of the glasseel immigration season : earliest (1973) and latest (1963) 
season, and statistically expected season (shaded). 

Figure 2 

Variation interannuelle des dynamiques saisonnières de migration des civelles : 
saison la plus précoce (1973), la plus tardive (1963), et saison normale (en grisé). 

Results 

T h e b r e a k d o w n o f t h e v a r i a n c e o f t h e m o d e l is s h o w n in t a b l e I I . T h e t o t a l v a r i a n c e 
is fo r t h e l a r g e r p a r t a t t r i b u t a b l e t o t h e t h r e s h o l d i n t e r c e p t , i.e. t h e d i s t r i b u t i o n of t h e 
i m m i g r a n t s o v e r t h e d a t e s d o e s n o t c o n f o r m v e r y w e l l t o a n o r m a l d i s t r i b u t i o n . T h e 
s t a t i s t i c a l l y e x p e c t e d d i s t r i b u t i o n is s h o w n in f i g u r e 2 ( s h a d e d a r e a ) . C h a n g e s f r o m y e a r t o 
y e a r e x p l a i n a b o u t ha l f o f t h e r e m a i n i n g v a r i a n c e . T h e e v o l u t i o n o v e r t h e y e a r s is s h o w n in 
f i g u r e 5 a ( t i m i n g ) . T h e s e a s o n o f 1 9 6 3 ( s h o w n in d e t a i l in f i g u r e 2 ) t u r n s o u t to b e 
e x c e p t i o n a l l y l a te , a l t h o u g h 1 9 6 2 a n d 1 9 7 0 w e r e a l m o s t a s l a te . E a r l y s e a s o n s o c c u r r e d in 
t h e m i d s e v e n t i e s ( 1 9 7 3 s h o w n in d e t a i l in f i g u r e 2 ) a n d e a r l y n i n e t i e s ; l a te s e a s o n s in t h e 
s i x t i e s a n d e i g h t i e s . H o w e v e r , t h e l o n g - t e r m v a r i a t i o n in t i m i n g h a r d l y e x c e e d s t h e 
s h o r t - t e r m v a r i a t i o n . 

Table II 

Analysis of variance (ANOVA) of the timing of the season. 

Tableau II 
Analyse de variance des dynamiques saisonnières. 

source deviance % df mean dev. F P 

threshold intercept 354431 64 11 32220.97 121.93 0.0000 

year 94701 17 36 2630.60 9.95 0.0000 

MANDEL(number) 155 0 1 154.53 0.58 0.4449 

explained 449287 81 48 9360.14 35.42 0.0000 

residual 104914 19 397 264.27 

total 553892 100 443 1250.32 
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Confounding by the timing of the season and the length of the glasseels 

T h e c o n f o u n d i n g of t h e s e es t i nna tes of t h e t i m i n g by t h e n u m b e r o f g l a s s e e l s w a s 
a g a i n t e s t e d by fVIANDEL's b u n d l e of s t ra igh t l i nes . T h i s t es t m i r r o r s t h e tes t m e n t i o n e d 
a b o v e o n t h e c o n f o u n d i n g o f t h e e s t i m a t e d n u m b e r by t h e t i m i n g of t h e s e a s o n . In th i s 
c a s e , t h e p a r a m e t e r e s t i m a t e s of t h e y e a r l y a b u n d a n c e w e r e e n t e r e d in to t h e m o d e l a s a 
c o n t i n u o u s c o v a r j a t e . T h i s e x p l a i n e d l e s s t h a n 1 % of t h e t o ta l v a r i a n c e (p = 0 . 4 4 5 ) . T h i s 
c o n f i r m s t h e c o n c l u s i o n , t h a t t h e n u m b e r and t i m i n g a r e no t c o r r e l a t e d . 

A s in t h e c a s e o f t h e n u m b e r s , a p o s s i b l e c o n f o u n d i n g o f t h e a n a l y s i s of t h e t i m i n g 
o f t h e i m m i g r a t i o n s e a s o n b y f a c t o r s r e l a t e d t o t h e l e n g t h of t h e g l a s s e e l s c a n n o t b e t e s t e d 
d u e t o a l i a s i n g w i t h t h e l e n g t h p a r a m e t e r s . H o w e v e r , o n c e a g a i n it s e e m s ra the r u n l i k e l y 
t h a t a c h a n g e in a v e r a g e l e n g t h w i l l c o n f o u n d t h e e s t i m a t i o n of t h e n u m b e r c a u g h t p e r 
d a y a n d t h e r e f o r e o f t h e t i m i n g o f t h e s e a s o n . 

LENGTH DISTRIBUTION OF THE GLASSEELS 

Statistical model and results 

T h e a n a l y s i s of t h e l e n g t h d i s t r i b u t i o n o f t h e g l a s s e e l s w a s b a s e d o n t h e L F d a t a s e t . 
D a t a w e r e p o o l e d p e r m o n t h , a n d a l s o a n a l y s e d by a c u m u l a t i v e c a t e g o r i c a l m o d e l . 
E x p l a n a t o r y v a r i a b l e s i n c l u d e d a t h r e s h o l d i n t e r c e p t a n d t h e y e a r a n d m o n t h of s a m p l i n g . 
G l a s s e e l s o f 6 0 m m a n d s h o r t e r w e r e p o o l e d (0 .1 % ) a s w e r e g l a s s e e l s of 9 0 m m a n d 
l o n g e r ( 0 . 0 % ) . 

T h e a v e r a g e l e n g t h o f t h e g l a s s e e l s r a n g e d f r o m 6 7 m m in 1 9 9 0 t o 7 8 m m in 1 9 6 3 
( f i g u r e 3 ) . T h e s h o r t e s t i n d i v i d u a l g l a s s e e l ( l e n g t h 5 4 m m ) w a s o b s e r v e d i n A p r i l 1 9 9 2 ; t h e 
l o n g e s t o n e in A p r i l 1 9 6 1 ( 9 2 m m ) . 

Figure 3 

Length distribution of immigrating glasseels : distribution per month in 1990 
(shortest observed), 1963 (longest observed) and statistically expected length 
distribution (shaded). 

Figure 3 

Variation interannuelle de la distribution de taille des civelles : la plus petite 
distribution est observée en 1990, la plus grande en 1963 et les valeurs 
moyennes en grisé. 
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Dur i ng e a c h immig ra t i on s e a s o n , the ave rage leng th of t h e g lassee l s dec reases 

over the m o n t h s by 2.5 m m ( f igure 3) . But the var ia t ion f r o m year to yea r is abou t four fo ld 

( table II I , m e a n d e v i a n c e of 1 4 1 4 867 for year ve rsus 3 4 9 2 7 9 for m o n t h ) . 

T a b l e III 

A n a l y s i s o f v a r i a n c e ( A N O V A ) o f t h e l e n g t h o f g l a s s e e l s . 

T a b l e a u III 

A n a l y s e d e v a r i a n c e d e la l o n g u e u r d e s c i v e l l e s . 

source deviance % d f mean dev. F P 

threshold intercept 234435884 76 29 8083996.00 1189.15 0.0000 

month 1047836 0 3 349278.65 51.38 0.0000 

year 49520336 16 35 1414866.75 208.13 0.0000 

explained 285004056 93 67 4253791.88 625.73 0.0000 

residual 21767653 7 3202 6798.14 

total 306771712 100 3269 93842.68 

T h e evo lu t ion of t he length d is t r ibu t ions over the yea rs ( f igure 5a ) s h o w s a g radua l 

dec l ine over the s ix t ies unt i l t he m id sevent ies , f o l l owed by a s tab i l i za t ion unti l t h e mid 

e igh t ies . In the m id e igh t ies , the leng th of t he g lassee l s d r o p s sharp ly , w i th a m i n i m u m in 

1 9 9 1 . Du r i ng the last f ive yea rs , the ave rage length recovers , but it is stil l be low fo rmer 

levels. 

C o n f o u n d i n g b y t h e t i m i n g o f t h e s e a s o n a n d t h e a b u n d a n c e o f g l a s s e e l s 

C o n f o u n d i n g of t h e s e es t ima tes on leng th by the n u m e r i c a l a b u n d a n c e of g lassee ls 

is not ve ry p laus ib le . B e c a u s e of the a l ias ing w i th t h e yea r ef fect on length itself, this 

in teract ion cou ld not be tes ted . T h e c a s e of c o n f o u n d i n g of t he es t ima t ion of length by the 

t im ing is m u c h m o r e c o m p l i c a t e d . A s imp le m o d e l w i thou t in te rac t ion b e t w e e n l eng th and 

t im ing resu l ts in an e s t i m a t e d year effect of t he leng th that is s t rong ly co r re la ted w i t h the 

t im ing of t he s e a s o n (r = 0 .48 , p = 0 .001) , later s e a s o n s hav ing l onger g lassee ls . A t first 

s ight , th is con t ras t s w i th the d im in i sh ing leng th of g l assee l s w i th in e a c h s e a s o n . 

l-Mar 1-Apr 1-May 
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T h e d i a g r a m s h o w s th is re la t ionsh ip of t im ing and length , both in an ear ly and a late 

s e a s o n . B e c a u s e of the re lat ion be tween m o n t h a n d length , late s e a s o n s wil l apparen t l y 

have l onge r g lassee ls . A g a i n , both aspects ( length and t iming) canno t be d isc r im ina ted on 

s ta t is t ica l g rounds . A de lay of the immigrat ion by for ins tance local c l imat ic cond i t i ons s e e m s 

q u i t e p l a u s i b l e . O n t h e o t h e r h a n d , o n e c a n ha rd l y i m a g i n e w h a t w o u l d c a u s e 

g l a s s e e l s to be longer than ave rage , even at the star t of the s e a s o n , w h e n the peak of the 

s e a s o n sti l l has to c o m e . The re fo re , t h e es t imated t im ing w a s g iven p recedence over the 

y e a r to yea r var ia t ion in ave rage l eng th . The d im inu t ion of the g lassee ls over the m o n t h s w a s 

e s t i m a t e d by a m o d e l i nc lud ing the t im ing of the season (MANDEL 's bund le of s t ra ight l ines 

of t h e p a r a m e t e r es t ima tes of t he t iming of the season ) , but w i thou t a year effect. 

Nex t , t he m o d e l w a s re run , w i th the pa ramete r of the t im ing he ld f i xed, but now inc lud ing a 

y e a r ef fect . T h e r e m a i n i n g cor re la t ion of the t iming wi th th is (cond i t iona l ) year effect of the 

a v e r a g e l eng th is neg l ig ib le ( f igure 5c, r = 0 .17 , p = 0 .158) . T h e mos t s t r ik ing effect of the 

c o r r e c t i o n for the t im ing a p p e a r s in 1990 , an except ional ly ear ly s e a s o n in the midd le of a 

r ange of y e a r s of sma l l l eng ths . W i t hou t the cor rec t ion for t he t i m i n g , the leng th in 1990 is 

e s t i m a t e d to be equa l to tha t in 1991 ; w i th the cor rec t ion , 1990 f o rms the s m o o t h 

t rans i t i on f r om the low 1989 levels to the record low in 1 9 9 1 . 

A U T O - A N D C R O S S - C O R R E L A T I O N S 

A u t o c o r r e l a t i o n 

In t h e above ana l yses , t h ree aspects of the g lassee ls immig ra t ing at Den Oever 

w e r e a n a l y s e d : n u m b e r s , t im ing a n d length. Each of the ana l yses y ie lded a year effect. 

T h e yea r of s a m p l i n g w a s i nc luded in the ana l yses as a c lass var iab le . No re la t ionsh ip 

b e t w e e n ad jacen t yea rs w a s en fo r ced by the stat is t ica l mode ls . Consequen t l y , the years c a n 

be t a k e n a s i ndependen t rea l i za t ions of t h e immigra t ion . T h e s a m p l e au tocor re la t ions 

of t h e number , t ime a n d leng th pa ramete rs over the yea rs a re s h o w n in f igure 4 . T h e 

c r o s s - r e l a t i o n s of t he th ree t ime se r i es are p resen ted in f igure 5, in a so-ca l led rug-plot 

( T U F T E , 1995 ) . S a m p l e co r re la t ion coef f ic ients a re g iven in e a c h sub-p lo t . 

1 2 3 4 5 6 7 8 9 10 

t ime l ag , k (years) 

F i g u r e 4 

A u t o c o r r e l o g r a m o f t h e p a r a m e t e r e s t i m a t e s o f t h e n u m b e r o f g l a s s e e l s , t h e i r 
l e n g t h a n d t i m i n g . 

F i g u r e 4 

A u t o c o r r é l o g r a m m e d e s d i f f é r e n t s p a r a m è t r e s : n o m b r e , l o n g u e u r e t d y n a m i q u e 
s a i s o n n i è r e d e s c i v e l l e s . 
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T h e d a t a s e t of leng th m e a s u r e m e n t s n o w c o n t a i n s 3 7 yea rs of d a t a , with 

10 s a m p l e s of 150 an ima ls on average per year. For a cons is ten t t ime se r ies of b io logical 

da ta , the leng th of t he da taset is cons ide rab le . But f r om the stat ist ical s tandpo in t , it is 

hard ly e n o u g h to ca lcu la te au tocor re la t ions . Consequen t l y , on ly the first few t e rms in the 

au toco r re log ram are stat ist ical ly s igni f icant . However , t he th ree t ime se r ies of pa ramete r 

es t ima tes b e h a v e qu i te differently. T h e t im ing of t he immig ra t ion s e a s o n s h o w s no 

s ign i f icant au tocor re la t ion at al l , the length is pos i t ive ly co r re la ted up to a t ime lag of 

5 years and the n u m b e r s show a s t rong au tocor re la t i on , fad ing out on ly very s low ly over 

10 years . 

G iven the l imi ted length of t h e t ime ser ies , a fu r ther f o rma l ana lys is is not war ran ted . 

But the s lowly fad ing out of the au toco r re log ram for length a n d n u m b e r s s e e m s to point at 

a non-s ta t i ona ry p rocess . Long - te rm behav iou r is d o m i n a t e d by t rends , not by stat ionari ty. 

I ndeed , inspec t ion of f igure 5a s h o w s p r o l o n g e d pe r iods of dec l in ing or r is ing n u m b e r s and 

dec reas ing or inc reas ing lengths. 

a. Time senes D - Length versus number 

F i g u r e 5 

N u m b e r , l e n g t h a n d t i m i n g o f g l a s s e e l s i m m i g r a t i n g a t D e n O e v e r : c o r r e l a t i o n o f 
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C r o s s c o r r e l a t i o n s 

T h e t iming of the immigra t ion is hardly cor re la ted wi th the numbers and length. 

C o n c e r n i n g t iming and leng th , th is is at least part ia l ly the result of the ana lys is mode l : 

a l l o w a n c e w a s m a d e for the effect of delays in the immigrat ion season on the perce ived 

m e a n l eng th per m o n t h . Th is cor rec t ion reduced the corre lat ion of the t im ing a n d length 

f r o m r = 0 .48 (p = 0 .001) to r = 0.17 (p = 0.158) . The long- term var iat ion in the t iming 

ha rd l y e x c e e d s the var iat ion f rom one year to the next (autocorre la t ion r = 0.08), wh i le the 

l eng th has a more g radua l deve lopment (autocorre la t ion = r 0.55, or = 0 .38 after 

co r rec t i on for t iming) . Apparent ly , the corre lat ion be tween length and t iming is spur ious or 

c a u s e d by sho r t - t e rm , p robab ly local c i rcumstances . 

T h e es t ima ted average n u m b e r caught per year is posi t ively cor re la ted over the 

y e a r s w i th the length (r = 0 .70 , p = 0 .001) . Unfortunately, no way was found to 

d i s c r i m i n a t e be tween poss ib le con found ing of one by the other in the samp l ing or ana lys is 

a n d a t rue cor re la t ion. However , tak ing in m i n d that there appears to be no p laus ib le 

m e c h a n i s m for the con found ing , it is conc luded that length and n u m b e r s are mos t l ikely 

t ru ly c o r r e l a t e d . 

S u m m a r i z i n g : the length a n d numbers of g lassee ls immigra t ing in Den Oever 

exh ib i t l ong - te rm a n d s y n c h r o n o u s changes , whi le the t iming of the immigrat ion season 

f l uc tua tes independent ly , p robab ly due to local c i r cumstances . 

D I S C U S S I O N 

F r a m e w o r k o f t h e a n a l y s i s 

T h e ee l is a we i rd an ima l . Despite i ts economica l value in many rural a reas of 

E u r o p e ( 3 7 5 M. e c u , M O R I A R T Y , 1996), t he re is no s tock-wide m a n a g e m e n t of the 

sca t t e red s tock. Local m a n a g e m e n t of eel f isher ies in restr icted areas of Europe has been 

ef fect ive in actual ly s teer ing the product ion, by the grace of plentiful supp ly of g lassee ls 

f r om t h e o c e a n , unti l the m id e ight ies, w h e n a pro longed ser ies of poor years of 

r e c r u i t m e n t s ta r t ed . It w a s on ly t h e n that a t tent ion focused on the co l lect iv i ty of 

t he r e s o u r c e , first by scient is ts (EIFAC, 1993 ; C A S T O N G U A Y et ai, 1994a, b) , later fo l lowed 

by the respons ib le m a n a g e m e n t bod ies at the supranat ional level (MORIARTY, 1996 ; 

M O R I A R T Y a n d D E K K E R , 1997) . 

Fo l l ow ing the es tab l i shment of the recru i tment fai lure of both At lant ic eel spec ies 

( M O R I A R T Y , 1990, sou rces c i ted in C A S T O N G U A Y et ai, 1994a) , a n inventory of 

po ten t ia l c a u s e s h a s b e e n m a d e on both s ides of the o c e a n ( C A S T O N G U A Y et ai, 

1 9 9 4 a ; E IFAC, 1993 ; B R U S L É , 1994) , based on the scarce ev idence. Fu r the rmore , the 

c o i n c i d e n c e of events on both s ides of the ocean w a s no ted ( C A S T O N G U A Y et ai, 

1 9 9 4 b ) . It is w i th in this f r amework that t h e ana lyses repor ted in th is paper we re 

u n d e r t a k e n , a im ing at factual ev idence cont r ibut ing to the p rocess of se lec t ion and 

e l im ina t i on of p roposed hypo theses . 

H i s t o r i c a l d e v e l o p m e n t 

T h e resu l ts con f i rm the repor ted major event in the European eel popu la t ion in the 

e igh t ies a n d n inet ies : the n u m b e r of g lasseels c h a n g e d dramat ica l ly over a range of 

y e a r s , bu t s o does their length ! In 1 9 9 1 , an all t ime low in n u m b e r s w a s o b s e r v e d in 

D e n Oever , even beat ing the p ro longed recrui tment fai lure observed in the late for t ies and 

e a r l y f i f t i es . Fo l l ow ing 1 9 9 1 , bo th n u m b e r s and l eng ths s h o w a s l igh t recovery , 

o b s e r v a t i o n s now co r respond ing to the mid e ight ies ' level. 
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T h e o b s e r v e d var ia t ion in m e a n leng th of the g lassee ls is abou t 11 m m . Th is 

exceeds the d i f ferences in length repor ted so far t h roughou t the geograph ica l d is t r ibut ion 

a rea of the eel ( T E S C H , 1977 , p. 136) . T i m e ser ies of length m e a s u r e m e n t s , except for 

t he D e n Oeve r ser ies ana l ysed here , apparen t l y are lack ing, but it s e e m s p laus ib le that 

D e n Oever is not the on ly s i te hav ing var ia t ion in m e a n length . O ther pub l i shed d a t a relate 

to va ry ing ranges of years , or even unspec i f i ed per iods a n d are the re fo re hardly 

in terpré tab le at t he s tock-w ide level. 

Du r i ng m e t a m o r p h o s i s and immig ra t i on , t he length of lep tocepha l i a n d g lassee ls 

d im in i shes ( T E S C H , 1977 , p. 146) , apparen t l y d u e to the a b s e n c e of f eed ing . It seems 

qu i te p robab le to exp la in the o b s e r v e d var ia t ion in length by var ia t ion in the du ra t i on of the 

non- feed ing phase at sea. In that case , however , o n e w o u l d expec t shor te r g lassee ls in 

the later s e a s o n s , w h i c h is con t ra ry to the f ind ings . Moreover , t he o b s e r v e d changes in 

length (11 m m ) are m u c h larger t han the repo r ted sh r i nkage dur ing m e t a m o r p h o s i s 

(5 m m ) . 

T h e re la t ionsh ip of ( the onse t of) t he g lassee l immig ra t i on to local c l imat ic 

c i r c u m s t a n c e s has been no ted before (see D E K K E R , 1986, for the Den Oeve r data). 

I ndeed , the es t ima ted pa rame te rs of t h e t im ing cor re la te wel l w i th the wa te r t empera tu re at 

t he s lu ices in Feb rua ry and March , but m u c h less s o w i th Apr i l a n d M a y tempera tu res 

( f igure 6) . In fact , the au tocor re la t ion of t he t im ing of immigra t ion over the yea rs is of the 

s a m e magn i t ude as the au tocor re la t ion of the wa te r t empera tu res . 
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C a u s e a n d e f f e c t in t h e t w o t i m e s e r i e s 

T h e ana l yses s h o w e d a 10 % reduct ion in average length of the g lassee ls . A l though 

no reco rds have been kept of the we igh t of g lassee ls , it s e e m s likely that we ight wil l have 

h a d a para l le l evo lu t ion . It has b e e n hypothes ized (EIFAC, 1993 ; C A S T O N G U A Y e t a l . , 

1994a , b) that the reduct ion in n u m b e r s of recrui ts is the direct c o n s e q u e n c e of a s t rong 

reduc t ion in the n u m b e r of adu l ts contr ibut ing to the spawn ing stock. The spawn ing s tock is 

t h e n t hough t to have b e e n reduced by overf ishing on any of the cont inenta l life s tages 

( r educ ing the n u m b e r s d i rect ly ) , or by habitat des t ruc t ion and migrat ion barr iers reduc ing 

the pro f i tab le d i spe rs ion a rea of the spec ies , or by con tamina t ion and paras i t i sm in the 

adu l t s , h i nde r i ng the ef fect ive s p a w n i n g migrat ion. If indeed, the dec l ine of the spawn ing 

s tock is p r i m a r y to the dec l ine in the number of recru i ts , it is hard to see why the rema in ing 

p r o g e n y h a s a t ta ined a sma l le r body s ize concur rent ly wi th the reduct ion in their n u m b e r s . 

Dens i t y d e p e n d e n t p rocesses w o u l d induce larger, not smal ler body s izes. 

M C C L E A V E (1987) p r o p o s e d a hypothet ica l m e c h a n i s m for the se t t lement of 

l ep tocepha l i o n the con t inen ta l s lope , me tamorphos ing into g lassee ls . In his v iew, the 

p h y s i c a l c o n t a c t w i t h the o c e a n bo t tom migh t i nduce t h e m e t a m o r p h o s i s of t he 

L e p t o c e p h a l u s . C A S T O N G U A Y et al. (1994a) s u m m a r i s e this hypothes is , and then state 

"The ef fects of the (...) océanog raph ie changes (..) on cont inenta l invasion of g lassee ls a re 

a lso u n k n o w n " . Apparent ly , they hypothes ize that océanograph ie changes migh t have 

i n d u c e d the rec ru i tment fai lure by h inder ing the f inal se t t lement of the lep tocephal i on the 

con t inen t . Th i s hypothes is , as the o n e s above, can indeed expla in the numer ica l evo lu t ion. 

Bu t the s y n c h r o n o u s evo lu t iop of the length of the g lassee ls makes a bot t leneck ear l ier in 

the life of the lep tocepha l i mo re p laus ib le . Whe the r th is occurs in the ear ly larval phases or 

even in the paren ta l p h a s e s is an o p e n quest ion. 

C o n c l u s i o n s a n d s p e c u l a t i o n s 

T h e a n a l y s e s p resen ted in th is paper do not reveal t he cause of the o b s e r v e d 

rec ru i tmen t fa i lure. But they do nar row the scope for potent ia l exp lanat ions . 

C A S T O N G U A Y et al. (1994a) explicit ly list four potent ia l causes : 

1. Toxici ty f r om an th ropogen ic chemica l con tamina t ion ; 

2. An th ropogen i c habi ta t modi f icat ions ; 

3. C o m m e r c i a l f i sh ing , a n d 

4. Ocean i c c h a n g e s . 

C r o s s i n g the repo r ted f ind ings w i th the hypo theses , it soon b e c o m e s ev ident that 

o c e a n i c c h a n g e s a re the mos t l ikely cause. T h e o ther hypo theses take the reduct ion in 

s p a w n i n g s tock to be p r imary to the reduct ion in numbers of recrui ts. As s ta ted above , th is 

w o u l d not exp la in , or even cont rad ic t the o b s e r v e d reduct ions in length of the recru i ts . 

On l y the f irst hypo thes is might be re formulated in a sense that toxici ty opera tes t h rough 

the paren ta l p h a s e s on the larval g rowth and surv iva l , but in the absence of any ev idence , 

th is in te rp re ta t ion is rather P roc rus tean . 

However , w i thout ac tua l observa t ions of the reproduc t ion of the ee l , it wi l l not be t oo 

di f f icul t to f ind s o m e t ime ser ies of océanograph ie data that corre late exact ly wi th the 

g lassee l obse rva t i ons . T h e f loor is o p e n for specu la t ion . Rather than s tepp ing into th is 

pi t fa l l , it is c o n c l u d e d tha t the exp lo i ta t ion of the eel s tock, and indeed the conserva t ion of 

the spec ies , is obv ious ly d e p e n d e n t on p rocesses far beyond the cur rent know ledge . Eels 

stil l s p a w n in terra incognita. C lar i f icat ion of th is unso lved mys te ry shou ld be the ma in a n d 

f o remos t top ic on the a g e n d a of the scient is ts and m a n a g e r s involved in the respons ib le 

m a n a g e m e n t of the At lant ic ee ls . 
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