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SHORT NOTE 

G R O W T H O B S E R V A T I O N S O N E U R O P E A N (ANGUILLA ANGUILLA L ) 
A N D A M E R I C A N (ANGUILLA ROSTRATA LE S U E U R ) G L A S S EELS. 

S. A P P E L B A U M , A . C H E R N I T S K Y a n d V. B I R K A N 

T h e Beng i s C e n t r e for Deser t A q u a c u l t u r e 

B e n - G u r i o n Un ivers i ty of t he N e g e v 

T h e J a c o b B laus te in Inst i tu te for Dese r t R e s e a r c h 

S e d e Boker C a m p u s , 8 4 9 9 0 Israe l . 

A B S T R A C T 

Compara t i ve g rowth o b s e r v a t i o n s (13 m o n t h s ) of E u r o p e a n (Anguilla anguilla L.) 

a n d A m e r i c a n (Anguilla rostrata Le S u e u r ) g lass ee ls w e r e u n d e r t a k e n . Plast ic con ta iners 

(60 x 30 x 35 c m , v o l u m e of 3 0 L) w e r e c o m b i n e d w i th a s e d i m e n t a t i o n t a n k and 

s u b m e r g e d , g rave l , b io log ica l f i l ter to f o rm a rec i rcu la t ion s y s t e m . Feed ing c o m m e n c e d o n 

t h e s e c o n d day af ter ar r iva l of t he f ish a n d p r o c e e d e d a s fo l lows : days 1 to 5 0 , kril l 

hydro lysa te ; days 51 to 58 , kril l hyd ro l ysa te m ixed w i th a s a l m o n s ta r te r feed ; day 5 9 

o n w a r d s , s t anda rd s a l m o n f eed . Feed w a s p rov ided at 2 -hour l y in terva ls v ia au tomat ic 

f eede rs for t he first 161 days of rea r ing , a n d therea f te r by h a n d 5 t i m e s a day at a feed ing 

rate of 5 % of the f ish b i o m a s s . T h e ave rage ind iv idual we igh t of t he E u r o p e a n ee ls o n 

arr iva l (x = 0 .266 ± 0 .005 g) , w a s s ign i f icant ly h igher t han tha t of the A m e r i c a n eels 

(x = 0 .167 ± 0 .006 g) . Af ter 45 d a y s of rea r ing , the we igh t d i f fe rences b e t w e e n t h e spec ies 

b e c a m e ins igni f icant . Excep t for t he d i f ferent t ranspor ta t i on mor ta l i t i es o n ar r i va l , t he 

E u r o p e a n a n d the A m e r i c a n ee ls d e m o n s t r a t e d s imi la r mor ta l i t y ra tes d u r i n g the 

expe r imen t ( 1 2 . 5 % ) , f ood conve rs ion rate (2.3) a n d speci f ic g rowth rate (0 .90 a n d 0.99 

respec t ive ly ) . N o paras i tes or d i s e a s e s we re de tec ted . No d i f fe rences w e r e obse rved in 

gene ra l behav iour and feed ing b e t w e e n t h e t w o spec ies . 

K e y - w o r d s : Anguilla anguilla, Anguilla rostrata, cu l t u re , g l a s s ee ls , g rowth 

c o m p a r i s o n . 

O B S E R V A T I O N S DE L A C R O I S S A N C E D E S C I V E L L E S E U R O P É E N N E S 

(ANGUILLA ANGUILLA L.) ET A M É R I C A I N E S (ANGUILLA ROSTRATA L E S U E U R ) . 

R É S U M É 

D e s obse rva t i ons de la c r o i s s a n c e c o m p a r é e des c ive l les e u r o p é e n n e s (Anguilla 

anguilla L.) et a m é r i c a i n e s (Anguilla rostrata Le S u e u r ) ont é té réa l i sées . D e s réc ip ients e n 

p las t ique (60 x 3 0 x 35 c m , d 'un v o l u m e de 3 0 L c h a c u n ) ont é té c o m b i n é s avec un bac d e 

séd imen ta t i on et f i l tre b io log ique d e grav ier pour f o rmer un s y s t è m e d e rec i rcu la t ion. 
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L 'a l imenta t ion a été d o n n é e à part i r du deux ième jour ap rès l 'arr ivée des po issons , se lon le 

p ro toco le su ivan t : j ou rs 1 à 5 0 , hydro lysat de kril l ; j ou rs 51 à 58, hydro lysat de kril l 

m é l a n g é à u n e nour r i tu re de d é m a r r a g e pour s a u m o n ; à part i r du jour 59 , nour r i tu re 

s t a n d a r d de s a u m o n . La nour r i tu re est d o n n é e tou tes les 2 heu res avec un s y s t è m e 

d ' a l imen ta t i on a u t o m a t i q u e p e n d a n t les 161 p rem ie r s jours , pu is à la ma in 5 fois par jour, à 

un taux de 5 % de la b i o m a s s e de po isson. Le po ids ind iv iduel moyen des angu i l les 

e u r o p é e n n e s (x = 0 ,266 ± 0 ,005 g) étai t à l 'arr ivée s ign i f i ca t i vement plus é levé que celu i 

d e s angu i l l es a m é r i c a i n e s (x = 0 ,167 ± 0,006 g ) . A p r è s 4 5 jours , la d i f fé rence de po ids 

en t re les e s p è c e s es t d e v e n u e non signi f icat ive. Excep té la mor ta l i té à l 'arr ivée, duran t 

l ' expér ience , les angu i l l es e u r o p é e n n e s et a m é r i c a i n e s on t mon t ré des taux s imi la i res de 

mor ta l i t é (12 ,5 % ) , de m ê m e pou r les taux de conve rs ion de la nourr i ture (2,3) et de 

c r o i s s a n c e spéc i f i que (0 ,90 et 0 ,99 respec t i vement ) . A u c u n paras i te n'a été dé tec té . 

A u c u n e d i f fé rence d a n s le c o m p o r t e m e n t généra l et la pr ise a l imenta i re n'a été dé tec tée 

en t re les d e u x e s p è c e s . 

M o t s - c l é s : Anguilla anguilla, Anguilla rostrata, cu l tu re , c ive l les , c ro issance . 

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

T h e E u r o p e a n ee l , Anguilla anguilla. a n d the A m e r i c a n ee l , Anguilla rostrata, be long 

to t h e c o m m e r c i a l l y va luab le spec ies . Whi le the E u r o p e a n eel is cu l tu red in aquacu l t u re 

o p e r a t i o n s in E u r o p e a n d o the r count r ies and t raded wo r l dw ide , the A m e r i c a n ee l , 

A. rostrata, h a s rarely b e e n rea red in Amer i ca . In recent years , however, b e c a u s e of the 

e n o r m o u s r ise in p r i ces of g lass ee ls , the A. rostrata has a t t rac ted m u c h a t ten t ion . 

N o w a d a y s , A. rostrata g l ass ee ls a re sh ipped f r om U S A a n d C a n a d a , ma in ly to the far 

eas t , to be u s e d as seed l i ngs in aquacu l tu re ope ra t i ons . Resu l t ing f r om in tens ive research 

w o r k o n A. anguilla, i nc lud ing app l i ed aspec ts , large n u m b e r s of pub l ica t ions a re avai lab le 

on f e e d i n g a n d rear ing of t he E u r o p e a n glass ee ls ( K A S T E L E I N , 1983) . A. rostrata has 

b e e n t h e sub jec t of m u c h sc ient i f ic research, yet little a t tent ion has b e e n pa id in the past to 

the a p p l i e d aspec t . G r o w t h da ta of these two spec ies are va luab le to aquacu l tu re , 

pa r t i cu la r l y w h e n the t w o spec ies a re reared s imu l t aneous l y under ident ical cond i t ions , as 

in the p resen t s tudy. 

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

E u r o p e a n g lass ee ls (Anguilla anguilla L.) and A m e r i c a n g lass eels (Anguilla rostrata 

Le S u e u r ) (5 ,000 of e a c h spec ies ) w e r e reared under cont ro l led cond i t ions for 13 mon ths . 

T h e E u r o p e a n ee ls a r r i ved at our laboratory f r o m Eng land in g o o d cond i t ion ( t ranspor ta t ion 

t ime - 1 0 h o u r s ) ; s imu l taneous l y the Amer ican ee ls ar r ived f rom Maine (USA) suf fer ing 

a r o u n d 5 0 % morta l i ty , p r e s u m a b l y result ing f r om t ranspor ta t ion s t ress ( t ranspor ta t ion t ime 

- 2 4 hou rs ) . T h e g lass ee ls h a d all b e e n net ted us ing hand-d ip nets in r ivers a n d w e r e 

t r a n s p a r e n t o n a r r i va l . T h e e x p e r i m e n t a l faci l i ty c o n s i s t e d of 5 p last ic c o n t a i n e r s 

(60 x 3 0 x 35 c m , ac t ive v o l u m e of 3 0 L), comb ined w i th a wa te r pur i f icat ion unit cons is t ing 

of a sed imen ta t i on t ank to r e m o v e suspended par t ic les , and a s u b m e r g e d gravel b io logical 

uni t , t o g e t h e r f o r m i n g a rec i rcu la t ion sys tem. Each con ta ine r had a cons tan t wa te r f low 

a n d ae ra t i on . T h e fo l lowing wa te r paramete rs were ma in ta ined in the sys tem th roughou t 

the e x p e r i m e n t : t e m p e r a t u r e : 25 ± 1 ° C ; d i sso l ved o x y g e n : 5 0 - 6 0 % of s a t u r a t i o n ; 

a m m o n i a < 0.3 mg/L (Ness le r ) ; nitr i te : < 0.6 m g / L (spec topho tomet r i c ) . 

Ee ls of e a c h spec ies w e r e d i v ided into two expe r imen ta l g roups and we re s tocked 

in to t w o of t h e four rea r ing con ta i ne rs at a dens i ty of app rox ima te l y 2 ,000 f ish in e a c h 

(app rox ima te l y 14 g of b i omass /L ) ; t h e remainder of the f ish w e r e s tocked in the fifth 

con ta iner . 
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Feed ing c o m m e n c e d on the day after arr iva l a n d p r o c e e d e d as fo l lows : d a y s 1 to 

5 0 , m i n c e d kril l hyd ro l ysa te ( f rozen) ; days 51 to 58 , kril l hyd ro l ysa te m i x e d w i th a s tandard 

s a l m o n s tar ter ( p roduce r : E w o s ) at a reduc ing p ropo r t i on of t h e krill a n d inc reas ing 

p ropor t ion of s a l m o n s ta r te r ; day 59 o n w a r d s , s t anda rd s a l m o n s tar ter (16 % fat a n d 52 % 

prote in [p roducer : E w o s ] ) . Feed w a s p rov ided at 2 -hour l y in te rva ls v ia au toma t i c feeders . 

Af ter 161 days , a u t o m a t i c f eede rs we re too sma l l to p rov ide suf f i c ien t f eed and therefore 

f ish w e r e fed manua l l y 5 t i m e s a day at a feed ing rate of 5 % of t he f ish b i o m a s s . 

At in terva ls of 3 w e e k s , 100 f ish w e r e randomly s a m p l e d f r o m e a c h conta iner to 

d e t e r m i n e the i r ind iv idua l m e a n we igh t (F igure 2 ) . Total b i o m a s s in the c o n t a i n e r s w a s 

w e i g h e d per iod ica l l y to ad jus t f eed ing rate. W e r e c o r d e d Spec i f i c G r o w t h Ra te « S G R », 

deno t i ng the ave rage da i ly g r o w t h as a p e r c e n t a g e of t he ini t ial we igh t , ca lcu la ted a s 

fo l lows : 

S G R = [ { L n W t - L n W O } / t ] x 100 

W t = we t we igh t of f ish at t i m e t, 

W O = we igh t of f ish at t i m e 0, 

t = t ime in days , 

a n d Food C o n v e r s i o n Ra te « F C R », ca l cu la ted as fo l lows : 

FCR = F o o d i n t a k e ( d r y w e i g h t g ) / B o d y w e i g h t g a i n ( w e t w e i g h t g ) 

D e a d f ish in e a c h con ta ine r w e r e c o u n t e d , r e m o v e d a n d a c c u m u l a t e d mor ta l i ty (%) 

w a s ca l cu la ted . Paramet r i ca l S tuden t ' s (T-test), F isher 's (F- test ) a n d non-paramet r i ca l 

( rank-cr i ter ia) tes ts w e r e u s e d to eva luate the d i f fe rences b e t w e e n the exper imenta l 

g roups . 

F i g u r e 2 

G r o w t h o f E u r o p e a n a n d A m e r i c a n e e l s . 

F i g u r e 2 

C r o i s s a n c e d e s a n g u i l l e s e u r o p é e n n e s et a m é r i c a i n e s . 
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RESULTS 

T h e a v e r a g e i n d i v i d u a l w e i g h t o f t h e E u r o p e a n e e l s o n a r r i v a l w a s 
( x = 0 . 2 6 6 ± 0 . 0 0 5 g ) a r o u n d 3 5 % g r e a t e r t h a n t h a t o f t h e A m e r i c a n e e l s 
(x = 0 . 1 6 7 ± 0 . 0 0 6 g ) . A p a r t f r o m t h e h e a v y l o s s of a p p r o x i m a t e l y 5 0 % o n a r r i va l a m o n g 
t h e A m e r i c a n e e l s , r e s u l t i n g f r o m l e n g t h y t r a n s p o r t a t i o n , t h e r e w a s n o s i g n i f i c a n t 
d i f f e r e n c e in m o r t a l i t y r a t e b e t w e e n A m e r i c a n a n d E u r o p e a n e e l s in t h e c o u r s e of t h e 
e x p e r i m e n t . M o r t a l i t y r a t e s of b o t h s p e c i e s w e r e 1 2 . 5 %, e i t h e r o f n o n - f e e d i n g i n d i v i d u a l s 
o r o c c a s i o n a l l y r e s u l t i n g f r o m t e c h n i c a l l o s s e s . In s p i t e o f t h e in i t ia l s m a l l e r s i z e of t h e 
A m e r i c a n e e l s , a f t e r 4 5 d a y s t h e d i f f e r e n c e s in w e i g h t b e t w e e n t h e s p e c i e s b e c a m e 
n e g l i g i b l e ( F i g u r e 2 ) . S p e c i f i c g r o w t h r a t e s w e r e : 0 . 9 9 % fo r A m e r i c a n e e l s a n d 0 . 9 0 % for 
E u r o p e a n e e l s . F o o d c o n v e r s i o n r a t e in bo th g r o u p s w a s c o m p a r a b l e ( F i g u r e 3 ) , a s w a s 
t h e g e n e r a l b e h a v i o u r , p a r t i c u l a r l y f e e d i n g b e h a v i o u r . 
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Figure 3 

Food conversion rate (FCR) of European and American eels. 

Figure 3 

Taux de conversion de la nourriture (FCR) des anguilles européennes et améri­
caines. 
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D I S C U S S I O N - C O N C L U S I O N 

A s A m e r i c a n eets en te r ing the A m e r i c a n con t inen t f r o m the S a r g a s s o S e a have a 

m u c h shor te r route t han t h o s e mig ra t ing to the E u r o p e a n con t inen t , it is not surpr is ing tha t 

the fo rmer are poss ib ly y o u n g e r and cer ta in ly sma l le r w h e n c a u g h t as g lass ee ls up -s t ream 

and in r iver m o u t h s . In all k n o w n da ta , A m e r i c a n g lass ee ls a re sma l le r in s ize t han the i r 

Eu ropean coun te rpa r t s . T h e r e is no d i rect ev idence that t h e ee l spec i es in our observa t ion 

we re of t he s a m e yea r c lass , o ther t han tha t t hey w e r e al l in the n o n - p i g m e n t e d , 

t r anspa ren t s tage . However , the resul ts s h o w e d tha t w h e n bo th w e r e kept as g lass eels in 

the s a m e g row ing s y s t e m , the A m e r i c a n spec ies , in sp i te of the i r s ign i f icant ly sma l le r s ize, 

we re ab le to reach t h e s ize of thei r E u r o p e a n c o u n t e r p a r t s w i th in 2 m o n t h s , a n d thereaf te r 

g rew at a s imi la r ra te . B O Ë T I U S a n d H A R D I N G (1985) e s t i m a t e leng th i nc rease in the f i rst 

year for A. anguilla at 0 .177 m m / d a y a n d 0 .187 m m / d a y for A. rostrata. K L E C K N E R a n d 

M c C L E A V E (1985) ca l cu la te a fas ter da i ly g row th rate of 0 .24 m m / d a y for A. rostrata, 

w h i c h cou ld exp la in the fas ter g rowth rate for A m e r i c a n ee ls f ound by us. Fu r the rmore , it is 

poss ib le tha t t h e heavy losses su f fe red by the A m e r i c a n ee ls t h r o u g h t ranspo r ta t i on st ress 

left s t ronger ind iv idua ls tha t g rew bet ter t h a n ave rage A m e r i c a n ee l s w o u l d have g r o w n . Th i s 

poss ib i l i ty s h o u l d b e r e - e x a m i n e d in a fu r ther expe r imen t . 

E H R E N B A U M a n d M A R U K A W A (1913) f ound tha t s c a l e s in A. anguilla a p p e a r when 

the eel has a t ta ined a length of 16 -20 c m . F R O S T (1945) no ted tha t in the E u r o p e a n eels, 

sca les deve loped f r om t h e s e c o n d to the s ix th year in f reshwate r . R A S M U S S E N (1952) 

s h o w e d that sca le f o r m a t i o n in A. anguilla s ta r ts in the four th yea r after t h e e lver stage. 

S M I T H a n d S A U N D E R S (1955) f ound that A. rostrata deve lop sca les at a leng th of 12 -

16 c m ; they e s t i m a t e d th is « sca le length » to be r e a c h e d du r i ng the th i rd o r four th year in 

f reshwater . B O Ë T I U S a n d B O Ë T I U S (1967) r eco rded tha t B e r m u d a ee ls , A. rostrata, 

deve lop sca les d u r i n g the f irst year a f ter b e c o m i n g e lvers . F rom the a b o v e - m e n t i o n e d data, 

it a p p e a r s tha t g lass ee ls of the A m e r i c a n spec ies deve lop at s o m e s tage faster than the 

Eu ropean ee ls . Th i s m igh t be an add i t iona l exp lana t ion for t he d i f fe rences in growth 

o b s e r v e d at the beg inn ing in favour of A. rostrata. 

T h e init ial d e c r e a s e in we igh t of A. anguilla s h o w n in F igure 1 has p rev ious ly been 

o b s e r v e d by us and o the rs ( H O L M G R E N e r a / . , 1991 ) , a n d can be r ega rded as a c o m m o n 

p h e n o m e n o n c a u s e d by t h e t ime n e e d e d for t he ee l s to c o m p l e t e the i r m e t a m o r p h o s i s and 

to adap t to the i r new e n v i r o n m e n t . T E S C H (1983 ) d e s c r i b e s an ini t ia l reduc t i on in length 

a n d we igh t of E u r o p e a n g lass ee ls in aquar ia , fed or un fed , wh i le p igmen ta t i on advances . 

T h e speci f ic g row th rate f ound in the p resen t e x p e r i m e n t is c o m p a r a b l e to o ther f igures 

g iven in the l i terature for A. anguilla r ea red indoors ( K O O P S a n d K U H L M A N N (1980) , 

0 . 8 % ; K A S T E L E I N ( 1 9 8 3 ) , 0 . 9 9 % ; H O L M G R E N et al. ( 1 9 9 1 ) , 1.01 to 1 . 1 5 % ; 

H E N D R I K S E N (1992 ) , 1.3 % ; A P P E L B A U M e r a / . (1996) , 0 .90 % ) . 

T h e gene ra l u n d e r s t a n d i n g is tha t A. rostrata a p p e a r s to be a su i tab le spec ies for 

aquacu l tu re ope ra t i ons . Th i s can be s u p p o r t e d by the resul ts of th is s tudy wh ich c lear ly 

ind ica te tha t A. rostrata a r e no t infer ior to A. anguilla in t e r m s of g r o w t h . However , a 

sc ient i f ic eva lua t i on of t h e su i tab i l i t y of A. rostrata c o m p a r e d to A. anguilla c a n be 

a c h i e v e d th roughou t a l onger t e r m expe r imen t (18 -14 m o n t h s ) at the e n d of w h i c h no t only 

g rowth and surv iva l rate c a n be d e t e r m i n e d , but a lso the ma le to fema le rat io of 

commerc ia l l y v iab le ind iv idua ls a n d the un i formi ty of t he ent i re s tock can be es tab l i shed . 

Unl ike the E u r o p e a n ee l , the A m e r i c a n ee l m a y n e e d a shor te r per iod for its 

phys io log ica l d e v e l o p m e n t pr ior to seek ing f reshwater . T h e A m e r i c a n ee l , at en t ry in to the 

f reshwater , is of a s ign i f icant ly sma l le r s ize than t h e E u r o p e a n ee l : t h e latter n e e d s both a 

longer deve lopmen t a n d mig ra t ion pe r i od . 
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0.5 - A m e r i c a n 

E u r o p e a n 

0.1 3C> 

F i g u r e 1 

I n i t i a l g r o w t h o f E u r o p e a n a n d A m e r i c a n g l a s s e e l s . 

F i g u r e 1 

C r o i s s a n c e i n i t i a l e d e s c i v e l l e s e u r o p é e n n e s e t a m é r i c a i n e s . 

5 0 d a V s 

O u r a s s u m p t i o n is tha t wh i l e the European eel s h o w s a reduc t ion in s ize before 

c o m p l e t i o n of m e t a m o r p h o s i s , t he Amer i can ee l , wh i ch is sma l le r that the E u r o p e a n , d o e s 

no t u n d e r g o s u c h d e v e l o p m e n t be fo re comp le t ing its m e t a m o r p h o s i s , but rather con t inues 

t o g row. Ev ident ly , t he A m e r i c a n spec ies s ta r t s to feed in capt iv i ty at a sma l le r s ize : 

w h e t h e r its g l ass ee l s t age s ta r ts to feed in na tu re ear l ier t han the E u r o p e a n rema ins to be 

i nves t i ga ted . 

W e a r e not a w a r e of o the r pub l i shed da ta of c o m p a r i s o n s in g rowth be tween 

s i m u l t a n e o u s l y reared E u r o p e a n a n d Amer i can g lass eels . Th i s is poss ib ly the first repor t 

o n t h e sub jec t . 
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