
Bull. Fr. Pêche Piscic. (1998) 349:141-152 — 141 — 
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A B S T R A C T 

Lake E l l esmere is a large coasta l lake in the Sou th Is land of N e w Z e a l a n d wh ich 

suppo r t s impor tan t commerc ia l f i sher ies for bo th feed ing and mig ra to ry sho r t f i nned ee ls 

Anguilla australis. Over the past 50 years , t he sex d is t r ibut ion of migra tory ee ls in the lake 

has c h a n g e d f rom a d o m i n a n c e by fema les to a d o m i n a n c e by ma les . A g e and s i ze data of 

ma les have been co l lec ted in termi t tent ly s ince 1974 . Dur ing th is t ime, the m e a n age has 

r e m a i n e d relat ively cons tan t whi le the ave rage leng th has dec l i ned by a l m o s t 2 0 % . 

Desp i te th is reduc t ion , length d is t r ibut ions are less var iab le t han we igh t , cond i t ion , or 

g row th rate d is t r ibut ions, and length is cons i de red to be the p r imary factor assoc ia ted w i th 

the onse t of migra t ion . The reduct ion in ave rage s ize d o e s not appea r to be a result of 

se lect ive harves t of larger ind iv iduals , but mus t ref lect chang ing env i ronmenta l cond i t ions 

in the lake itself - s u c h cond i t ions cou ld inc lude loss of mac rophy tes , a n d a reduc t i on in the 

p ropor t ion of larger ee ls of both spec ies w i th resu l tant prol i ferat ion of t he smal l benthic 

bul ly Gobiomorphus cotidianus. T h e s u g g e s t e d m a n a g e m e n t s t ra tegy is to max im ise 

harves t of m igra to ry ma le ee ls a n d thus reduce the cap tu re of f ema les wh i ch a r e large 

e n o u g h to prey on bul l ies. 

K e y - w o r d s : Anguilla australis, sho r t f i nned eels , leng th , age , cond i t ion , migrat ion. 

P O U R Q U O I L E S M Â L E S M I G R A N T S D E S A N G U I L L E S À C O U R T E S N A G E O I R E S 
(ANGUILLA AUSTRALIS) DU L A C E L L E S M E R E , N O U V E L L E - Z É L A N D E , 
S O N T - I L S DE P L U S E N P L U S P L U S P E T I T S M A I S P A S P L U S J E U N E S ? 

R É S U M É 

Le lac E l lesmere est un g rand lac cô t ie r de l'Ile S u d de Nouve l le -Zé lande , q u i est le 

s iège d 'une pêcher ie commerc i a l e impor tan te pour les angu i l les à cou r tes nageo i res 

(Anguilla australis) à la fois au s tade d 'a l imenta t ion et au s tade migra to i re . Pendant les 

50 de rn iè res années , la répart i t ion des sexes des angu i l les migra t r ices du lac a changé , 

passan t d 'une major i té de feme l les à une ma jo r i té de mâ les . Des d o n n é e s sur l 'âge et la 

tai l le on t é té re levées de façon in termi t ten te depu is 1974 . Pendant cet te pé r i ode , l'âge 

m o y e n est resté re la t ivement cons tan t tand is que la l ongueur m o y e n n e a ba issé de 

p r e s q u e 2 0 %. Ma lg ré cet te réduc t ion , la répar t i t ion d e s longueurs est m o i n s var iab le que 

les répar t i t ions des po ids , des cond i t ions, ou des taux de c ro issance , et la longueur est 

cons idé rée c o m m e le facteur pr inc ipal assoc ié au d é c l e n c h e m e n t de la migra t ion . La 

réduc t ion dans la tai l le moyenne ne semb le pas résul ter d 'un p ré lèvemen t sé lect i f des 

ind iv idus les p lus g rands , ma is doit ref léter des c h a n g e m e n t s d a n s les cond i t ions 
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e n v i r o n n e m e n t a l e s d u lac l u i -même (ces condi t ions pouvant inclure la d ispar i t ion des 

m a c r o p h y t e s ) et une réduct ion dans la propor t ion des angui l les les plus g randes des deux 

e s p è c e s a v e c en c o n s é q u e n c e une pro l i fé ra t ion de la pe t i te e s p è c e b e n t h i q u e 

Gobiomorphus cotidianus. La s t ra tég ie de gest ion suggé rée est de favor iser au m a x i m u m 

le p r é l è v e m e n t de m â l e s m ig ra teu rs et de réduire ainsi la cap ture des femel les qui sont 

s u f f i s a m m e n t g randes pour être des prédateurs de Gobiomorphus. 

M o t s - c l é s : Anguilla australis, angui l les à cour tes nageo i res , longueur , âge , 

c o n d i t i o n , m igra t ion . 

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

L a k e E l lesmere (F ig . 1) is a la rge (20 2 5 0 ha) coasta l lake on the eas t coast of the 

S o u t h Is land , New Z e a l a n d , w h i c h suppor ts an extensive commerc ia l eel f i shery for 

s h o r t f i n n e d ee ls Anguilla australis. Historically, the annua l seaward migrat ion of migra tory 

ee l s f o r m e d an impor tan t f i shery to Maor i ( G O O D A L L , 1996) , and s ince the ear ly 1970s 

h a s b e e n a s ign i f icant c o m p o n e n t of the commerc ia l eel f ishery, wi th an average of abou t 

9 0 t of sho r t f i nned ee ls taken annua l l y (TODD, 1981a) . T h e lake is separa ted f rom the sea 

by a g rave l bar wh ich is o p e n e d mechan ica l l y at p re -de te rm ined levels ; as the lake is 

usua l l y c l o s e d dur ing mos t of t he migrat ion s e a s o n , f ishers have access to the migra t ing 

ee ls tha t c o n g r e g a t e at the s o u t h w e s t e r n corner of the lake, ad jacent to the nar rowest par t 

of t he bar. 

F i g u r e 1 

M a p o f L a k e E l l e s m e r e . 

F i g u r e 1 

C a r t e d u lac E l l e s m e r e . 



Bull. Fr. Pêche Piscic. (1998) 349:141-152 — 143 — 

A l though t h e lake once con ta ined large n u m b e r s of l ong f inned ee ls , Anguilla 

dieffenbachii, t hese have largely d i s a p p e a r e d , poss ib ly b e c a u s e they a re o lder at m igra t ion 

than shor t f i nned ee ls ( JELLYMAN a n d T O D D , 1982) a n d are h e n c e access ib le to 

c o m m e r c i a l f i shers over a longer per iod ; t hey a lso appea r mo re vu lne rab le to f yke nett ing 

t h a n s h o r t f i n n e d ee ls (N IWA, u n p u b l i s h e d d a t a ) . T h e ex tens i ve loss of m a c r o p h y t e beds 

in the late 1960s has a l so b e e n s u g g e s t e d a s a reason for thei r dec l i ne ( J E L L Y M A N et al., 

1995) . Shor t f i nned fema les we re a lso fo rmer l y a b u n d a n t ( H O B B S , 1947) , bu t thei r 

n u m b e r s h a v e a l so b e c o m e g rea t l y d i m i n i s h e d , a n d the m i g r a t i o n f i s h e r y n o w 

concen t ra tes on shor t f i nned m a l e s wh i ch a re caugh t f rom mid February t h rough March . 

M igra to ry (si lver) ee ls fo rm impor tan t f i sher ies in a n u m b e r of E u r o p e a n coun t r ies 

( T E S C H , 1977) . A s s u c h , they have a t t rac ted cons ide rab le research on fac tors assoc ia ted 

w i th the t im ing of thei r d o w n s t r e a m migra t ion (e.g. FROST, 1950 ; L O W E , 1952 ; 

V O L L E S T A D a n d J O N S S O N , 1986 ; V O L L E S T A D et al., 1994) - s imi la r s t ud ies have 

b e e n ca r r ied ou t in N e w Zea land by B U R N E T (1969) a n d T O D D (1981a ) . S tud ies of 

fac tors assoc ia ted wi th the onse t of m ig ra t ion in A. anguilla (e.g. FROST, 1950 ; 

V O L L E S T A D a n d J O N S S O N , 1986 ; V O L L E S T A D , 1992) have c o n c l u d e d tha t a l though 

there is cons ide rab le geograph ic variabi l i ty, m ig ra t ion is mo re l ikely to be assoc ia ted w i th 

a c h i e v e m e n t of par t icu lar s ize rather t han a par t icu lar age . T h e p resen t pape r tes ts the 

hypo thes is tha t t he onse t of m igra t ion of sho r t f i nned ma le ee ls in Lake E l l esmere is more 

assoc ia ted w i th s ize than age , and exp lo res reasons for t he dec l in ing s ize of t hese ee ls 

over t ime . 

M E T H O D S 

S a m p l e s of migrat ing sho r t f i nned ma le ee ls we re caugh t in unba i ted f y ke nets 

(12 m m m e s h ) , set overn ight at Taumu tu , Lake E l l esmere . Dur ing t h e 1970 's w h e n a n 

ex tens ive research p r o g r a m m e w a s underway, large s a m p l e s we re m e a s u r e d a n d aged . 

To c o m p l e m e n t these a n d obse rve any c h a n g e s over t ime, fu r ther s a m p l e s w e r e co l lec ted 

du r i ng 1992 -96 . For leng th - f requency da ta , ee ls we re anaes the t i sed in the f ie ld, m e a s u r e d 

(to 1 m m ) a n d re leased . For s u b s a m p l e s re ta ined for age ing , ee ls w e r e taken to the 

labora to ry w h e r e they w e r e m e a s u r e d , w e i g h e d (to 0.1 g ) , a n d oto l i ths co l lec ted . Oto l i ths 

w e r e p repa red by c rack ing and bu rn ing after the m e t h o d of H U and T O D D (1981) . 

Cond i t i on w a s ca lcu la ted us ing k = w*107P w h e r e w = we igh t in g, and I = length in m m . 

M e a n g rowth rates we re ca lcu la ted f rom m e a n leng th (or we igh t ) / m e a n a g e for e a c h year. 

Da ta on non -m ig ra to ry ee ls c a m e f r om ex tens ive co l lec t ions of ee ls m a d e in the 1970's 

(N IWA, unpub l i shed da ta ) . 

R E S U L T S 

N u m b e r s of eels m e a s u r e d for the va r ious years are g iven in Table I. Prev ious 

ana lys i s (TODD, 1980) s h o w e d that there w e r e no cons is ten t d i f fe rences in length 

d is t r ibu t ions of ma les cap tu red at in tervals t h roughou t any migra to ry s e a s o n . T h u s , in the 

p resen t paper , all samp les taken t h r o u g h o u t a s e a s o n w e r e c o m b i n e d into a single 

s a m p l e . 

T h e m e a n length has r e d u c e d f r om 4 8 0 m m in 1942 ( H O B B S , 1947) to 3 9 4 m m in 

1996 (Table I, F ig . 2 ) . Further, over t ime, the s h a p e of the length f r e q u e n c y d is t r ibut ions 

has r e m a i n e d no rma l but shi f ted in favour of sma l le r ee ls (F ig . 3) ; s imi lar sh i f ts are 

ev iden t f rom we igh t d is t r ibut ions. The t rend for a con t i nued dec l ine in m e a n leng th per 

s e a s o n has b e e n para l le led by a s imi lar dec l i ne in we igh t unti l the ear ly 1980 's , af ter which 

w e i g h t has r e m a i n e d relat ively cons tan t . Cond i t i on w a s not co r re la ted w i th leng th (p>0.05) , 
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T a b l e I 

L e n g t h d i s t r i b u t i o n s ( % / y e a r ) o f m i g r a t i n g m a l e s h o r t f i n n e d e e l s f r o m L a k e 

E l l e s m e r e , 1972 -1996 . < = < 0 . 1 . 

T a b l e a u I 

R é p a r t i t i o n d e s l o n g u e u r s (%/an) d e s a n g u i l l e s (Anguilla australis) m â l e s m i g r a n t s 

d u l a c E l l e s m e r e , 1 9 7 2 - 1 9 9 6 . < = < 0 . 1 . 

Size group Year 
(mm) 1972 1974 1975 1976 1977 1978 1979 1980 1981 1982 1993 1994 1995 1996 Total 

330-339 0.7 < 

340-349 0.2 1 3 0.6 0 3 < 

350-359 0 1 < 0.2 0 2 5.1 1 3 3.7 2 8 0 2 

360-369 0 1 < 0 2 0 1 < 0.3 1 3 1 7 8.9 8 1 7 5 5 6 0 6 
370-379 0 3 0 1 0.5 0 7 < 0.8 2.6 4 3 14 5 21.3 13 6 11 1 1 3 
380-389 3.8 0.8 1 2 2 4 2 3 04 2.6 5 8 9 4 17 0 18.1 23.5 17 9 2 9 

390-399 1 9 1.6 2 7 3 0 6 0 5.9 3 7 6 2 11 9 17 3 174 20 0 21 8 17.1 5 7 
400-409 5 7 3.1 6 1 7 8 17 1 12 4 8 5 13.3 17 5 17 1 102 1 8 8 16 0 17 1 1 0 5 
410-419 7.5 4 7 9 6 13.1 14 2 17,9 14 7 1 8 8 19 1 1 7 3 9.8 6 3 7 5 7.9 14.6 
420-429 13.2 10.4 1 4 2 17 5 1 3 2 18.4 18.7 19.6 16.0 1 2 6 9.4 2 5 4.1 7.1 1 6 5 
430-439 1 3 2 16.1 16 6 16.9 16.1 16.4 19.2 15.3 11.8 6 6 4.7 1.3 1 0 1 6 15.9 

440-449 15.1 21.3 1 6 3 16.5 13.9 12.7 14.1 11.7 7 8 6 0 1 7 0.6 0.3 0.4 13.1 
450-459 17.0 14.6 14.2 11.1 7.5 6.6 8.6 6 3 2.8 4.3 0.8 8 5 
460-469 7.5 1 1 5 9.2 6.6 4 6 3.3 5.5 2 6 1.9 1 5 0 6 4 9 
470-479 3 8 11.5 5.1 3.6 2 2 1.6 3.6 0 9 0 6 0 4 2.8 
480-489 5 7 3 1 3.4 1 8 1.4 0.8 1.5 0.8 0.5 0 4 0.6 1.6 

490-499 1.9 0 5 1 0 0 4 0 7 0.5 0 7 0 4 0 1 0 6 0 5 
500-509 3 8 1 0 0 2 0 3 0 1 0 1 0 2 0 2 0.2 
510-519 0.5 0.1 0.2 0 2 0.3 0.1 0 2 
520-529 0.2 0.2 0.1 

N 53 192 2524 2271 416 2257 2091 2229 857 469 235 160 294 225 14273 

Mean 442.7 446.9 439 4 434.6 427.5 426.3 432.9 424.9 416.0 412.1 392.9 390.7 389.7 394.0 428.5 
SE 3.76 1.58 0.47 0.46 1.13 0.44 0.48 0.45 0.75 1.18 1 49 1.54 1.05 1.26 0.21 
CV 0.06 0.05 0.05 0.05 0.05 0.05 0 05 0.05 0.05 0.06 0.06 0.05 0 0 5 0.05 0.06 

a n d t h e m e a n cond i t ion of all year ly samples s h o w e d s imi lar t rends to weight , except that 

c o n d i t i o n imp roved marked ly over recent years (Fig. 2) . A g e d is t r ibut ions (Table II) s h o w a 

r e a s o n a b l y cons tan t m e a n a g e over the 20 yea rs for wh i ch data are avai lable, a l though 

d i f f e rences b e t w e e n yea rs w e r e s igni f icant ( A N O V A , F = 30 .22 , p<0 .001) . M u c h of th is 

d i f f e rence wil l be d u e to var iab le age-c lass s t reng ths - for examp le , age c lass 15 in 1978 

a l so d o m i n a t e d the 1979 s a m p l e (as age c lass 16) and probably accoun ted for the 

g rea tes t a v e r a g e age , 15.6, be ing recorded in that year ; removal of the 1979 da ta f rom 

t h e a g e s a m p l e reduced the var iabi l i ty in a g e be tween years , but d i f ferences we re still 

s ign i f i can t (F = 11.56, p < 0 . 0 0 1 ) . Of all aged m a l e s (n = 2 2 0 6 ) , 6 7 % were 13 - 16 yea rs o ld . 

Var iab i l i ty in s ize and a g e over th is per iod (expressed as coef f ic ient of var ia t ion , CV, 

Table III) ind icates that we igh t is the most var iab le parameter , fo l lowed by age a n d 

c o n d i t i o n , w i th length be ing the least var iable. The d i f ference is even more m a r k e d w h e n 

c o m p a r i s o n s a re m a d e b e t w e e n indiv idual years , as var ia t ion in length ranged f rom 0.05 -

0 .06 (Table I), w h e r e a s var ia t ion in a g e ranged f rom 0.13 - 0.18 (Table II). To see w h e t h e r 

m i g r a t o r y ee ls had a h igher ave rage cond i t ion than equ iva len t -s ized non-mig ra to ry ee ls , 

da ta f r o m 1978 were used ; in th is year, a la rge s a m p l e of migra tory ma les w a s m e a s u r e d 

(n = 2 2 5 7 ) a n d a large s a m p l e of non-migra to ry ee ls of the s a m e length range, 355 -

4 9 7 m m , w a s avai lable (n = 4 3 6 0 ) . T h e resul t ing c o m p a r i s o n s h o w e d that the cond i t ion of 

m i g r a t o r y e e l s w a s s ign i f i can t l y greater t h a n tha t of non -m ig ra to r y ee ls (ANOVA, 

F = 2 9 5 . 9 5 , p <0 .001) . 

T h e r e w a s a s ign i f icant re la t ionsh ip (p<0 .001) be tween length and age at migrat ion 

for all d a t a (n = 2 2 0 6 ) , but it on ly expla ined 9 % of the variabil i ty. A s length d is t r ibut ions 

va r i ed w i th t ime, the largest s a m p l e aged, 1979 (n = 514) was e x a m i n e d , wi th s imi lar 
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resul ts i . e . R 2 = 0 .03, p < 0 . 0 0 1 . In con t ras t , t he re w a s a s t rong nega t i ve re la t ionship 

b e t w e e n g rowth rate (mm/y r ) and a g e at matur i ty (F ig . 4 ; n = 2 2 0 6 , R 2 = 0 .85, p<0 .001 ) . 

D i f fe rences in g rowth rates in bo th leng th a n d we igh t w e r e s ign i f icant over the 20-year 

pe r iod 1975 -95 ( length g rowth rate : A N O V A , F = 24 .26 , p < 0.001 ; we igh t g row th rate : 

A N O V A , F = 65 .88 , p<0 .001) w i th bo th ra tes dec l i n ing wi th t ime . 

F i g u r e 2 

M e a n a n n u a l l e n g t h , w e i g h t a n d c o n d i t i o n (± 2 S E ) o f m i g r a t i n g m a l e s h o r t f i n n e d 

e e l s f r o m L a k e E l l e s m e r e f o r v a r i o u s y e a r s f r o m 1 9 4 2 - 1 9 9 6 . 

F i g u r e 2 
M o y e n n e a n n u e l l e d e s l o n g u e u r s , p o i d s e t c o n d i t i o n s (± 2 S E ) d e s m â l e s m i g r a n t s 
d'Anguilla australis d u lac E l l e s m e r e p o u r d i f f é r e n t e s a n n é e s e n t r e 1942 et 1996. 
M e a n l e n g t h = l o n g u e u r m o y e n n e ( m m ) ; M e a n w e i g h t = p o i d s m o y e n ( g ) ; M e a n 
c o n d i t i o n = c o n d i t i o n m o y e n n e ( k ) ; Year = a n n é e . 
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F i g u r e 3 

L e n g t h a n d w e i g h t f r e q u e n c i e s o f m i g r a t i n g m a l e s h o r t f i n n e d e e l s f r o m L a k e 

E l l e s m e r e f o r 1975 a n d 1 9 9 3 - 9 6 . A r r o w s s h o w m e a n v a l u e s a n d t h e d o t t e d l i n e 

s h o w s t h e m i n i m u m c o m m e r c i a l w e i g h t f o r 1 9 9 4 - 9 6 . 

F i g u r e 3 

F r é q u e n c e d e s l o n g u e u r s e t d e s p o i d s d e s m â l e s m i g r a n t s d'Anguilla australis 

d u lac E l l e s m e r e p o u r 1 9 7 5 e t 1993-96. L e s f l è c h e s i n d i q u e n t l e s v a l e u r s m o y e n n e s 

e t la l i g n e p o i n t i l l é e d é s i g n e le p o i d s c o m m e r c i a l m i n i m u m p o u r 1994-96 . 

F r e q u e n c y = f r é q u e n c e (%) ; L e n g t h = l o n g u e u r ( m m ) ; W e i g h t = p o i d s ( g ) . 
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Age 
(years) 1975 1978 1979 

Year 
1980 1981 1982 1994 1995 

Total 

(%) 
8 0.4 < 
9 0.3 0.2 0.3 0.7 1.8 0.3 
10 0.9 0.9 0.8 1.0 1.2 3.6 2.0 0.9 1.3 
11 2.3 4.0 1.2 5.2 4.3 7.3 9.8 2.7 3.9 
12 8.2 8.9 4.3 8.6 6.5 18.1 9.8 9.8 8.6 
13 12.3 16.9 9.1 16.6 14.2 23.6 23.5 18.8 15.3 
14 29.2 21.5 14.0 23.6 19.4 19.9 15.7 18.8 20.1 
15 21.9 24.9 17.7 16.9 16.7 10.5 11.8 19.6 18.0 
16 12.3 11.4 19.7 13.5 17.6 6.9 9.8 11.6 14.1 
17 4.6 4.9 16.2 8.3 11.4 6.9 15.7 7.1 9.7 
18 3.2 3.1 9.7 3.9 6.5 1.1 2.7 4.9 
19 2.7 2.2 4.7 1.6 1.2 0.7 0.9 2.3 
20 0.5 0.3 2.1 0.3 0.6 0.4 2.0 2.7 1.0 
21 1.4 0.3 0.3 0.3 1.8 0.2 
22 0.3 0.4 0.9 < 
23 0.5 
24 

N 219 325 514 385 324 276 51 112 2206 
Mean 14.6 14.4 15.6 14.4 14.8 13.5 14.1 14.6 14.7 
SE 0.13 0.11 0.09 0.10 0.11 0.12 0.30 0.24 0.05 
CV 0.14 0.13 0.13 0.13 0.14 0.14 0.15 0.18 0.14 

T a b l e III 

V a r i a t i o n in l e n g t h ( m m ) , w e i g h t ( g ) , c o n d i t i o n , a g e a n d g r o w t h r a t e ( m m / y r , g /yr ) 

o f m i g r a t i n g m a l e s h o r t f i n n e d e e l s f r o m L a k e E l l e s m e r e , 1 9 7 4 - 1 9 9 6 . 

T a b l e a u III 

V a r i a t i o n d e la l o n g u e u r ( m m ) , d u p o i d s ( g ) , d e la c o n d i t i o n , d e l ' â g e e t d u t a u x d e 

c r o i s s a n c e ( m m / a n , g / a n ) d e s a n g u i l l e s (Anguilla australis) m â l e s m i g r a n t s d u lac 

E l l e s m e r e , 1 9 7 4 - 1 9 9 6 . 

Length Weight Condition Age 

Growth 
rate 

(length) 

Growth 
rate 

(weight) 
N 14 273 3678 3678 2206 2206 2206 
Mean 428.5 146.3 1.99 14.65 29.30 10.32 
Minimum 330.0 60.0 1.00 8.0 14.46 4.06 
Maximum 529.0 366.0 4.05 28.0 47.44 24.71 
SD 24.8 34.0 0.24 2.11 4.11 2.22 
SE 0.21 0.56 0.01 0.05 0.09 0.05 
CV 0.06 0.23 0.12 0.14 0.14 0.22 

T a b l e II 

A g e d i s t r i b u t i o n ( % / y e a r ) o f m i g r a t i n g m a l e s h o r t f i n n e d e e l s f r o m L a k e E l l e s m e r e , 
1975 -1995 . < = < 0 . 1 . 

T a b l e a u II 

R é p a r t i t i o n d e s â g e s ( % / a n ) d e s a n g u i l l e s (Anguilla australis) m â l e s m i g r a n t s d u 
l a c E l l e s m e r e , 1 9 7 5 - 1 9 9 5 . < = < 0 . 1 . 
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F i g u r e 4 

R e l a t i o n s h i p b e t w e e n m e a n a n n u a l g r o w t h ra te ( m m / y r ) a n d a g e o f m i g r a t i n g m a l e 

s h o r t f i n n e d e e l s f r o m L a k e E l l e s m e r e . 

F i g u r e 4 

R e l a t i o n e n t r e le t a u x d e c r o i s s a n c e a n n u e l m o y e n ( m m / a n n é e ) e t l ' âge d e s m â l e s 

m i g r a n t s d'Anguilla australis d u lac E l l e s m e r e . 

G r o w t h r a t e ( m m / y r ) = t a u x d e c r o i s s a n c e ( m m / a n n é e ) 

D I S C U S S I O N 

W h i c h f a c t o r s a r e a s s o c i a t e d w i t h t h e o n s e t o f m i g r a t i o n ? 

Over the 2 3 yea rs of reco rd , there has been little c h a n g e in the m e a n age of 

s h o r t f i n n e d ma les a l t hough the re is a range of 13-14 years in mos t yea rs (Table II). Over 

the s a m e pe r iod , a v e r a g e leng th a n d weight have both dec l i ned substant ia l ly (12 and 3 9 % , 

respec t i ve l y ) and at f irst g l a n c e th is might be in terpre ted as m e a n i n g that age rather than 

s i ze d e t e r m i n e s the onse t of m ig ra t ion . However, the coef f ic ient of var ia t ion (CV) for length 

is sti l l l ess than that for age , indicat ing tha t length rather than age is a more l ikely 

d e t e r m i n a n t of m igra t ion . 

Var ia t ion in g rowth rate exp la ined 8 5 % of the var ia t ion in length at migra t ion , wi th 

s l ow g r o w t h assoc ia ted w i th g rea ter a g e but mo re rapid g rowth assoc ia ted wi th lesser age . 

S im i la r re la t ionsh ips have b e e n f ound for bo th sexes of A. anguilla (VOLLESTAD, 1992) ; 

S V E D A N G et al. ( 1996) i n te rp re ted the same t rend in f ema le A. anguilla as ind icat ing a 
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s t ra tegy of ma tu r ing at t he ear l ies t poss ib le oppor tun i ty . Th is is in a g r e e m e n t w i th theory 

that ma les exhibi t a t ime -m in im i s i ng s t ra tegy ( H E L F M A N et al., 1987 ; L A R S S O N et al., 

1990 ; V O L L E S T A D , 1992) , w i th e m p h a s i s on a t ta in ing matur i ty as qu ick ly as poss ib le . 

Unl ike fema les w h e r e g rea te r s ize is a c c o m p a n i e d by i nc reased fecund i t y (e.g. TODD, 

1981b) , there w o u l d s e e m to be litt le benef i t for ma les to g row la rge, as observa t ions of 

art i f ic ial s p a w n i n g do not ind ica te m a t e se lec t ion ( S O R E N S E N a n d W I N N , 1984) where 

larger s ize might o the rw ise be a d v a n t a g e o u s . 

Resea rch on o ther spec ies of Anguilla has s o m e t i m e s ind ica ted tha t migrat ion is 

mo re assoc ia ted w i th s ize t han age (e.g. T E S C H , 1977 ; V O L L E S T A D a n d J O N S S O N , 

1986) . In cont ras t , T O D D (1980) s u s p e c t e d that for m a l e A. australis, m ig ra t ion might be 

m o r e d e p e n d e n t on age t h a n leng th , a l t hough the cons ide rab le range in both factors 

m e a n t he cou ld not d raw any f i rm conc lus ions . F rom the p resen t study, it is c o n c l u d e d that 

length is a bet ter pred ic tor of the onse t of matur i ty t han is a g e . A l t h o u g h the m i n i m u m 

length recorded has c o n t i n u e d to dec l ine over t ime, m i n i m u m w e i g h t has b e e n reasonab ly 

s tab le over the last 4 years of record ind ica t ing a poss ib le m i n i m u m t h r e s h o l d size of about 

65 g, wh i ch equa tes to 335 m m . 

A s migra t ing m a l e s f r om the p resen t s tudy had a s ign i f icant ly g rea ter cond i t i on than 

non-m ig ra to ry ee ls of s imi la r s ize, it is l ikely that a t ta inmen t of a th resho ld cond i t ion is a 

fu r ther prerequ is i te to ma tu ra t i on . T h u s , hav ing a t ta ined an app rop r i a te s ize, m a l e eels 

a l so n e e d to be of suf f ic ient cond i t i on ( th rough a c c u m u l a t i o n of suf f ic ient l ip id reserves) to 

unde r take a migrat ion of abou t 5 0 0 0 k m ( J E L L Y M A N , 1987) . In a s imi lar m a n n e r to the 

w a y in wh ich mesen te r i c fat levels a re impor tan t for regu la t ing matu r i t y in At lant ic sa lmon , 

Salmo salar ( R O W E elal., 1991 ) , the fat con ten t of m ig ra to ry ee ls has b e e n sugges ted as 

in f luenc ing the onse t of matur i t y in A. anguilla ( L A R S S O N et al., 1990 ) . 

W h y h a s t h e a v e r a g e s i z e d e c l i n e d ? 

T O D D (1980) a s s u m e d that the dec l ine in length o b s e r v e d f r o m 1 9 4 2 to 1980 w a s 

d u e to c o m m e r c i a l f i sh ing se lec t ive ly r emov ing the larger m a l e s . If th is w a s so a n d the 

larger ma les we re caugh t w h e n they e x c e e d e d the cur ren t m i n i m u m c o m m e r c i a l s ize , then 

it s h o u l d be ev ident f rom a c h a n g i n g s k e w in s ize f r e q u e n c y d is t r ibu t ions , a n d there would 

be no reason to s u p p o s e a shif t to sma l le r m i n i m u m s izes over t ime . A l t hough there has 

b e e n no c h a n g e in the s h a p e of the leng th - f requenc ies over t ime , t h e m i n i m u m s ize has 

dec l i ned e.g. in 1974 , the re we re no ee ls of 100 g or less, but by 1996 th is s ize group 

c o m p r i s e d 3 2 % of s a m p l e s . Fur ther , the t ime - f rame invo lved w o u l d s e e m to mi t igate 

aga ins t commerc i a l f i sh ing be ing the m e c h a n i s m invo lved i.e. i n tens ive c o m m e r c i a l f ishing 

c o m m e n c e d in 1971 (287 t ; J E L L Y M A N et al., 1995) , but by the fo l lowing year ( the first 

year s ince 1942 that length da ta we re recorded) m e a n leng ths h a d dec l i ned by 3 3 m m 

f rom those recorded by H O B B S (1947) in 1942 . It s e e m s unl ike ly that c o m m e r c i a l f ishing 

cou ld have p r o d u c e d s u c h a rapid dec l ine wi th in o n e year, a n d it is c o n c l u d e d that the 

dec l ine in ave rage s ize is ma in l y d u e to ee ls ach iev ing matur i ty at a sma l le r s ize. 

W h y h a s t h e g r o w t h r a t e d e c l i n e d ? 

G r o w t h ra tes of N e w Z e a l a n d ee ls s e e m largely dens i t y d e p e n d e n t ( JELLYMAN, 

1997) . A s Lake E l l esmere ee ls w e r e heavi ly exp lo i ted du r i ng the m id 1970 's ( JELLYMAN 

et al., 1995) , it m igh t have b e e n expec ted that g rowth rates w o u l d have i n c r e a s e d as a 

resul t of c o m m e r c i a l f i sh ing , in a s imi lar m a n n e r to that r e c o r d e d by C H I S N A L L and 

H A Y E S (1991) in Lake W a a h i . In cont ras t , g rowth rates of ma le m ig ran ts ( this s tudy ) and 

sma l l n o n - m i g r a n t ee ls ( J E L L Y M A N et al., 1995 ) have b o t h d e c l i n e d . S u g g e s t e d 

exp lana t ions for reduced g row th rates a re l ong - te rm e n v i r o n m e n t a l c h a n g e s w i th in the 

lake, or an inc rease in the a b u n d a n c e of sma l l ee ls . 
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D u r i n g the past 30 -40 years , a number of s igni f icant eco log ica l c h a n g e s have 

o c c u r r e d w i th in the lake, w i th the most s ign i f icant be ing i nc reased eu t roph ica t ion 

( H U G H E S et al., 1974 ; W A R D et al., 1996), c h a n g e s in sal in i ty resul t ing f rom c h a n g e d 

o p e n i n g r e g i m e s in the 1960s ( G E R B E A U X , 1993) , and the loss of macrophy tes dur ing 

t h e 1960 ' s w i t h assoc ia ted i nc reased turbidity. Possibly, s o m e of t hese changes have 

b e e n de t r imen ta l to ee ls . For examp le , they cou ld have resu l ted in changes to food 

c o m p o s i t i o n , s imi lar to c h a n g e s that accompan ied inc reased turb id i ty in Lake Waah i 

( H A Y E S a n d R U T L E D G E , 1991) . However, g iven the plast ic i ty of eels diet ( C A I R N S , 

1 9 4 2 ; J E L L Y M A N , 1989 ) , it s e e m s unlikely that any c h a n g e s in food compos i t i on wou ld 

h a v e d i s a d v a n t a g e d ee ls . 

I n c r e a s e d rec ru i tmen t s e e m s unlikely as recru i tment is largely de te rm ined by the 

t i m i n g a n d dura t ion of the art i f ic ial open ing of t he lake, a n d th is has not c h a n g e d 

s ign i f i can t l y over the past 2 0 years . However, a reduct ion in mor ta l i ty of juveni le eels is a 

d is t inc t poss ib i l i ty as a resul t of the select ive remova l of larger ee ls of both spec ies wh ich 

a r e k n o w n p reda to rs of j uven i le ee ls (BURNET, 1952 ; J E L L Y M A N , 1989) . The sca le of 

t h e r e d u c e d a b u n d a n c e of larger ee ls is apparent f rom c o m p a r i n g the es t imate of H O B B S 

( 1 9 4 7 ) of 5 0 0 tons (= 5 0 8 t) of shor t f i nned fema les migra t ing in 1942, wi th an es t imate of 

o n l y 2 -3 t dur ing 1996 (T.J. G O U L D , pers. c o m m . ) . Simi lar ly, the sex p ropor t ions of 

m i g r a t o r y ee l s have c h a n g e d d ramat i ca l l y f rom a d o m i n a n c e by fema les (4.6:1 ; ca lcu la ted 

f r o m H O B B S , 1947) , to a d o m i n a n c e by males (1996 es t imates = 235 :1 ) . 

T h e lake a lso con ta ins a d e n s e popula t ion of c o m m o n bul l ies (Gobiomorphus 

cotidianus) w h i c h ee l f i shers c la im has increased over recent yea rs . Th is repor ted increase 

m a y a l so be a result of t he reduc t ion in the numbe r of larger ee ls that w o u l d fo rmer ly have 

i m p o s e d s o m e p reda to ry cons t ra in ts on bully numbe rs . A s both bul l ies a n d juven i le ee ls 

f r e q u e n t i nsho re a reas ( J E L L Y M A N et al, 1995) a n d eat s imi lar food (e.g. ch i ronomid 

l a rvae , m y s i d s , and sna i l s ) , t hey m igh t d i rect ly c o m p e t e for f ood . T h e net result of 

i n c r e a s e d surv iva l of juven i le ee ls a n d l imited food w o u l d be a reduct ion in g rowth rates of 

j uven i l e ee ls . 

M a n a g e m e n t i m p l i c a t i o n s 

T h e L a k e E l l esmere ee l f i shery is m a n a g e d by a Total A l lowab le C o m m e r c i a l Ca tch 

of 136 .5 t, a n d a p resen t m i n i m u m s ize limit o f 160 g (1995 /96 s e a s o n ) w h i c h inc reases at 

a rate of 10 g/year to reach 2 2 0 g in the 2002 /03 s e a s o n A s v i r tua l ly all m igra t ing ma le 

e e l s a r e less than th is s ize ( 9 6 % in 1996), a lmos t all ee ls ha rves ted by the commerc ia l 

f i she ry a re , by def in i t ion, f ema les . If the theory is cor rec t that t he reduct ion in the numbe r 

of l a rge f e m a l e eels is at least par t ly responsib le for the pro l i ferat ion of bul l ies (which in 

t u r n r e d u c e t h e food ava i lab le to sma l l eels), t hen the f i shery s h o u l d max im ise capture of 

m a l e ee ls a n d m in im ise cap tu re of females. To enab le th is , an exc lus ion zone w a s 

g a z e t t e d in M a r c h 1996 , for that par t of the lake whe re ma le ee ls congrega te in their 

e n d e a v o u r s to leave the lake. P rov ided such a m e a s u r e can be imp lemen ted annual ly, 

t h e r e s h o u l d be a c o r r e s p o n d i n g inc rease in the a b u n d a n c e of f ema le ee ls , and hopefu l ly 

a n i nc rease in both s ize a n d g rowth rates of ma les . 
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