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A B S T R A C T 

S a m p l i n g for g lass ee ls of t he sho r t f i nned ee l , Anguilla australis, w a s conduc ted in a 

n u m b e r of es tua r i es in s o u t h - e a s t e r n Aus t ra l ia us ing g l a s s ee l a n d s tow ne ts du r ing the 

w in te r a n d s p r i n g m o n t h s of 1 9 9 4 a n d 1995 . P r e l i m i n a r y m o d e l l i n g of t he invas ion of 

A. australis g l ass ee ls w a s u n d e r t a k e n by d e t e r m i n i n g co r re la t ions b e t w e e n Ca tch Per Uni t 

Effort ( C P U E ) of g l ass ee ls and wa te r t empera tu re , e lec t r ica l conduct iv i ty , lunar phase a n d 

he ight of h igh t ide. L o w ( < 1 0 0 0 0 uS /cm) e lect r ica l conduct iv i ty , m e d i u m (10-14°C) water 

t e m p e r a t u r e a n d h i gh ( > 0 m A H D ) t ide he igh t s h o w e d s ign i f i can t co r re l a t i on w i t h h igh 

C P U E , but l una r p h a s e (as m o o n a g e in d a y s ) d id no t . T h e r e a p p e a r s to be s o m e scope 

for p red ic t ing the invas ion of A. australis g l ass ee ls into s o u t h - e a s t e r n Aus t ra l ian es tuar ies 

us ing t e m p e r a t u r e a n d e lect r ica l conduc t iv i t y as key c r i te r ia for de te rm in ing w h e n g lass eel 

f i sh ing s h o u l d c o m m e n c e . S u c h i n fo rma t i on is e x p e c t e d to con t r i bu te to the d e v e l o p m e n t 

of a c o m m e r c i a l g l ass eel f i shery in sou th -eas te rn Aus t ra l ia . 

P R I N C I P A U X C R I T È R E S E N V I R O N N E M E N T A U X A S S O C I É S À L ' I N V A S I O N 

D E S C I V E L L E S DE ANGUILLA AUSTRALIS D A N S L E S E S T U A I R E S 

D U S U D - E S T A U S T R A L I E N . 

R É S U M É 

L 'échant i l lonnage d e s c ive l les de l 'angui l le " sho r t f i nned" , Anguilla australis, a été 

e f fec tué dans p lus ieurs es tua i res du sud-es t Aus t ra l i en en ut i l isant d e s tam is à c ivel les au 

cou rs de l 'hiver et du p r i n temps de 1994 et 1995 . Un m o d è l e p ré l im ina i re d e l ' invasion des 

c ive l les de A. australis a é té é labo ré en ut i l isant les co r ré la t i ons en t re les C a p t u r e s Par 

Uni té d 'Ef for t ( C P U E ) et la t empé ra tu re m o y e n n e de l 'eau (10-14°C) , la conduct iv i té 

(10000 uS /cm) , la co te à m a r é e haute (>0m A H D ) et la p h a s e lunai re ( nombre d e jours 

ap rès la p le ine lune) . Les résul ta ts mon t ren t une cor ré la t ion s ign i f ica t ive en t re les C P U E et 

la conduc t i v i té , la t empé ra tu re m o y e n n e de l 'eau, et la hau teu r de la m a r é e haute . Il n'y a 

pas de cor ré la t ion s igni f icat ive en t re les C P U E et la p h a s e luna i re . Il semb le que la 

poss ib i l i té de p réd i re l ' invasion de c ivel les de A. australis d a n s le sud -es t Aust ra l ien en 

ut i l isant la t e m p é r a t u r e et la conduc t i v i té é lec t r ique c o m m e cr i tè res pour dé te rm ine r quand 

la p ê c h e des c ive l les devra i t c o m m e n c e r pour ra i t ê t re ut i l isée. U n e te l le in fo rmat ion 

pour ra i t con t r ibuer au d é v e l o p p e m e n t c o m m e r c i a l de la p ê c h e d e s c ive l les d a n s le sud-es t 

d e l 'Austral ie. 
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I N T R O D U C T I O N 

T h e sho r t f i nned ee l , Anguilla australis R i cha rdson , suppo r t s a c o m m e r c i a l f i shery in 

s o u t h - e a s t e r n Aust ra l ia of a r o u n d 300-350 met r i c t onnes per a n n u m on average , the 

major i ty of wh ich is p roduced in the State of Victoria. Until recently, most A. australis product ion 

in V i c to r i a has been f r o m the ex tens ive culture of b rown elvers (sub-adul t s tock) , wh i ch are 

p r ima r i l y s o u r c e d f rom Tasman ia , a n d s tocked into natural wa te rbod ies for ong row ing . 

C o m m e r c i a l e lver ha rves t i ng in T a s m a n i a dur ing 1995 exceeded 5 tons f rom two si tes, 

7 0 0 kg of w h i c h were so ld by publ ic tender (F. R U W A L D , In land F isher ies C o m m i s s i o n , 

T a s m a n i a , pe rs . c o m m . ) . However , t h e use of s u c h e lvers for ex tens ive cu l tu re seeds tock 

in V i c to r i a h a s recent ly dec l i ned , large ly because of the inc reased cos ts and compet i t i on 

w i t h A s i a n coun t r i es wh i ch have i m p o r t e d Austra l ian e lvers for in tens ive aquacu l tu re . 

In con t ras t , t he cu l tu re of angu i l l i d eels in Eu rope a n d As ia re l ies a l m o s t so le ly on 

t h e s u p p l y of g lass eel s e e d s t o c k f r om wi ld sou rces in the No r the rn H e m i s p h e r e , a l though 

t h e m a j o r i t y of t h e s e s t o c k s a re p resen t l y in dec l ine ( G U E R A U L T et al., 1991 ; 

M O R I A R T Y , 1992 ; A N T U N E S a n d W E B E R , 1993) . Present ly, there is only l imi ted 

c o m m e r c i a l harves t of g lass ee ls for aquacu l tu re in Aust ra l ia , but the potent ia l for th is is 

cu r ren t l y b e i n g invest iga ted. 

T h e natura l d is t r ibu t ion of A. australis o c c u r s on the sou th -eas te rn coas t of Austra l ia 

( F i g u r e 1) f r o m 27°S to 44°S ( B E U M E R and S L O A N E , 1990) . A. australis are though t to 

s p a w n in t h e Cora l S e a at a b o u t 3 5 0 m, after wh ich larval A. australis ( leptocephal i ) drift 

d o w n o n t h e East Aus t ra l i an Cu r ren t , m e t a m o r p h o s e into g lass ee ls a n d subsequen t l y 

e n t e r e s t u a r i e s in s o u t h - e a s t e r n Aust ra l ia be tween May and Oc tobe r inc lus ive ( B E U M E R 

a n d H A R R I N G T O N , 1980) . 

T h e m e c h a n i s m s of invas ion a n d migrat ion of g lass ee ls of the g e n u s Anguilla have 

b e e n d e s c r i b e d in m a n y coun t r i es ( D E E L D E R , 1970 ; J E L L Y M A N , 1977 , 1979 ; T E S C H , 

1 9 7 7 ; M C C L E A V E a n d K L E C K N E R , 1982). Typical ly, the initial invas ion by angui l l id g lass 

ee l s , i nc lud ing A. australis, into es tua r ies and thei r subsequen t act ive u p s t r e a m migrat ion 

in to f r e s h w a t e r hab i ta ts is fac i l i ta ted by tidal m o v e m e n t , us ing f lood t ides a n d genera l l y at 

n igh t ( C R E U T Z B E R G , 1961 ; J E L L Y M A N , 1 9 7 9 ; B E U M E R and H A R R I N G T O N , 1980 ; 

M C C L E A V E a n d K L E C K N E R , 1 9 8 2 ; G A S C U E L , 1 9 8 6 ; M C C L E A V E a n d 

W I P P E L H A U S E R , 1987 ; M C C L E A V E et ai, 1987) . Speci f ic obse rva t i ons on the invas ion 

a n d m i g r a t i o n of A. australis g l ass ee ls in Aust ra l ian es tua r ies have been repo r ted , 

i n c l u d i n g re fe rence to d is t r ibu t ion a n d abundance and sui tabi l i ty for aquacu l tu re , by 

B E U M E R a n d H A R R I N G T O N ( 1 9 8 0 ) , B E U M E R ( 1 9 8 3 a , b ) , S L O A N E (1984) and 

B E U M E R a n d S L O A N E (1990 ) . 

For t h e p u r p o s e s of th is paper , glass eel invasion is de f ined as the f low-car r ied 

t r a n s p o r t of u n p i g m e n t e d g lass ee ls into a n d wi th in the estuary , inc lud ing f low-ass is ted 

m i g r a t i o n v i a t idal bo re , as o p p o s e d to the ac t i ve s w i m m i n g p h a s e of u p s t r e a m g lass eel 

a n d p i g m e n t e d elver m ig ra t i on , w h i c h is general ly cons ide red to c o m m e n c e at or near the 

u p p e r l imit of the t idal zone ( J E L L Y M A N , 1979 ; S L O A N E , 1984 ; G A S C U E L , 1986) . 

Seve ra l env i r onmen ta l c u e s are thought to in f luence the invas ion and migrat ion 

p a t t e r n s of angui l l id g lass ee ls . T O S I et al. (1990) conc luded that sal in i ty is the most 

i m p o r t a n t fac to r d i r ec t i ng A. anguilla glass ee l s t o w a r d s f reshwate r . T O N G I O R G I , T O S I 

a n d B A L S A M O (1986) d e m o n s t r a t e d that t empera tu re , a l though not the sole cue , is an 

i m p o r t a n t fac to r in g lass eel o r ien ta t ion as t he rma l g rad ients be tween f resh and sea water 

o f t en ex is t , t he d i rect ion of w h i c h depends o n lat i tude. C H E N , C H E N a n d T Z E N G (1994) 

s h o w e d tha t a d i rect re la t ionsh ip ex is ts be tween ca tches of A. japonica g lass ee ls and 

ra in fa l l , w h i c h c o n s e q u e n t l y resu l t s in a n ind i rec t re la t ionsh ip b e t w e e n s e a - w a t e r 

t e m p e r a t u r e and g lass eel a b u n d a n c e in t h e c o m m e r c i a l ca t ch . However , the ef fect of 
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Distribution of Anguilla australis in south-eastern Australia ; sites indicated were 
sampled in 1994 and 1995. 

Figure 1 

Distribution de A. australis dans le sud-est de l'Australie ; les sites indiqués ont 
été échantillonnés en 1994 et 1995. 
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ra in fa l l o n o the r env i ronmen ta l var iab les , such as dec reased salinity, i nc reased terrestr ia l 

runof f a n d i nc reased f low, is a l so t h o u g h t to c o n f o u n d the speci f ic r e s p o n s e of g lass ee ls 

to t e m p e r a t u r e change ( C H E N , C H E N a n d T Z E N G . 1994) . 

D O M I N G O S (1992 ) d e m o n s t r a t e d that g lass eel a b u n d a n c e is f a v o u r e d by h igh 

r iver f l ow a n d that rainfal l i nc reases the ascent of g lass ee ls , a l though it w a s no ted that 

h e a v y rainfal l cou ld have a nega t i ve ef fect on migra t ion by p roduc ing river f lows wh i ch are 

t o o h i g h for s u c c e s s f u l u p s t r e a m mig ra t ion . It is c o n s i d e r e d tha t na tu ra l f r e s h w a t e r 

c o n t a i n s o r g a n i c c h e m o a t t r a c t a n t s that act as cues for A. anguilla g lass ee ls at sea to 

l oca te e s t u a r i e s ( C R E U T Z B E R G , 1961) . Such chemoat t rac tan ts a re though t to or ig inate 

l a rge l y f r o m d e c a y i n g v e g e t a t i o n ( S O R E N S E N , 1986) a n d f r om soi l as c h e m i c a l 

c o m p o u n d s wh ich p r o d u c e o d o u r s s imi lar to tha t of geosm in (SOLA , 1995) . T h e at t ract ion 

of A. anguilla g lass ee ls to o rgan ic chemica ls has been found to be re lated to dec reas ing 

sa l in i ty ( S O L A and T O N G I O R G I , 1996) . 

G l a s s ee l invasion a n d mig ra t ion in estuar ies a lso appea r to show a re la t ionship wi th 

l una r p h a s e , w i th m a n y c o m m e r c i a l g lass eel f isher ies opera t ing on ly a r o u n d new m o o n 

p e r i o d s (e.g. A N T U N E S , 1 9 9 4 ) . Th i s is t hough t to be due to the ef fect of lunar p h a s e on 

t i da l m a g n i t u d e , w i th the h igher sp r ing t ides occur r ing at new m o o n a n d full m o o n 

( J E L L Y M A N , 1979) . 

In the present study, the invas ion of A. australis g lass ee ls into sou th -eas te rn 

A u s t r a l i a n es tua r ies w a s inves t iga ted for t h e pu rpose of charac te r i z ing the p r imary 

e n v i r o n m e n t a l cues . W i th s u c h in format ion, it is cons ide red poss ib le to predic t op t ima l 

f i sh ing t i m e s by ta rget ing the p e a k g lass eel invas ion phase . Th is invest igat ion w a s part of 

a n i n d u s t r y - f u n d e d pro jec t to a s s e s s t h e potent ia l for t he e s t a b l i s h m e n t a n d d e v e l o p m e n t 

of a c o m m e r c i a l g lass eel f ishery, for seeds tock for local c o m m e r c i a l aquacu l t u re 

p r o d u c t i o n . 

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

G l a s s ee l su rveys w e r e c o n d u c t e d in sou th -eas te rn Aust ra l ian es tuar ies dur ing the 

w i n t e r a n d spr ing ( J u n e - N o v e m b e r ) of 1994 a n d 1995. A total of 17 wa te rs w e r e s a m p l e d 

w i t h g l a s s ee l nets in the first year, a n d 13 wa te rs were samp led wi th bo th g lass eel nets 

a n d s t o w ne ts in the s e c o n d year (F igure 1). 

G l a s s ee l nets w e r e 3 m in l eng th , had t w o 3 m w ings of 1 m d r o p a t t a c h e d , a n d 

w e r e c o n s t r u c t e d of 2 m m ny lon m e s h . A de tachab le c o d - e n d , cons t ruc ted of <0.5 m m 

m e s h , w a s f i t ted to e a c h ne t (F igu re 2a ) . G lass eel nets w e r e set in e s t u a r i e s on e i ther 

b a n k at d u s k on a r is ing t ide . C a t c h w a s c lea red at regu la r in te rva ls , usua l l y hour ly , unti l 

h i g h s lack wa te r o c c u r r e d a n d f i sh ing ceased . S tow nets , a lso cons t ruc ted of 2 m m m e s h , 

w e r e as desc r i bed by W E B E R (1986) , wi th t h e except ion that a 3 m c o d - e n d w a s a t tached 

(F igu re 2b ) . S tow ne ts w e r e set in the main c h a n n e l of the es tua ry at dusk on a r ising t ide 

a n d c h e c k e d at regular in terva ls unti l h igh slack water occu r red . F ish ing genera l l y occu r red 

b e t w e e n 2-3 days before and 2-3 days fo l lowing, new and full m o o n s . 

C a t c h was so r t ed us ing g r a d u a t e d sc reens (10 m m , 2.5 m m , <0.5 m m ) . G lass eels 

c o l l e c t e d in the bo t t om tray a n d , depend ing on quanti ty, w e r e c o u n t e d ind iv idual ly or 

e n u m e r a t e d by w e i g h i n g the to ta l ca tch a n d c o u n t i n g a k n o w n we igh t s u b s a m p l e . A 

s u b s a m p l e of 50 g lass ee ls f r om e a c h sampl ing per iod at each si te w a s taken for ind iv idual 

l e n g t h s a n d we igh ts to be reco rded . 
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F i g u r e 2a 

S c h e m a t i c p l a n o f g l a s s eel n e t . 

F i g u r e 2a 

P l a n s c h é m a t i q u e d u f i l e t à c i v e l l e s . 

Di rec l ion of F low 

F i g u r e 2 b 

S c h e m a t i c p l a n o f s t o w ne t . 

F i g u r e 2 b 

P l a n s c h é m a t i q u e d u f i l e t " h a m e n n e t " . 

E n v i r o n m e n t a l da ta co l lec ted f r om e a c h s a m p l i n g t r ip i nc l uded wa te r t empe ra tu re 

a n d e lect r ica l conduct iv i ty , reco rded at 15 m in . in terva ls us ing T P S 90FL Data loggers 

th roughou t the samp l ing per iod , t ime and height of h igh water, m e a n s t ream d ischarge and 

lunar p h a s e as the a g e of the m o o n in days . 

For p re l im inary ana lys is , data f rom all s a m p l e s at e a c h si te we re poo led to improve 

s a m p l e size. Each var iab le w a s nomina l l y d iv ided into several levels wh ich were typical ly 

encoun te red du r i ng g lass ee l surveys . T h e s e w e r e : e lect r ica l conduc t iv i t y (EC) , "low", 

" m e d i u m " and "h igh " (0 -10000 , 10000 -25000 a n d 2 5 0 0 0 - 6 0 0 0 0 u S / c m , respect ively) ; 

t empera tu re , " low", " m e d i u m " a n d "h igh" (<10, 10-14 a n d >14°C, respect ive ly) ; m o o n age, 

" low", " m e d i u m " a n d "h igh " (0 -10 , 10 -20 a n d 2 0 - 2 9 d a y s o ld , respec t ive ly ) a n d he ight of 

h igh t ide, " low" a n d "h igh" (<0 and >0 m A H D (Aust ra l ian He igh t Da tum) , respect ive ly) . 

Genera l i sed L inear Mode l l ing (GLM) P rocedure (SAS/STAT Re lease 6.03 Edi t ion) using 

Type III S u m of S q u a r e s w a s u s e d to d e t e r m i n e c o r r e l a t i o n s b e t w e e n e lec t r i ca l 
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c o n d u c t i v i t y , tempera tu re , m o o n a g e a n d height of h igh t ide and C P U E of g lass ee ls (g lass 

ee l s /ne t / hou r ) f rom three se lec ted survey sites (with h ighest overal l ca tch) : the Snowy, 

Ta rw in a n d Tamar Rivers. 

R E S U L T S 

W i t h t h e except ion of m o o n age , each indiv idual var iable s igni f icant ly cor re la ted wi th 

C P U E of g l a s s ee ls (P<0 .1 ) (Table I), despi te the h igh deg ree of var iab i l i ty of C P U E of 

g l a s s ee ls be tween samp l ing s i tes (Table II) a n d wi th in s i tes over t ime (e.g. F igure 3 ) . 

A l t h o u g h C P U E genera l ly r eached a peak at e a c h si te fo l lowing a new or full m o o n , i.e. 

m o o n a g e appea rs to cor re la te wi th CPUE (F igures 3 and 4) , th is re la t ionship is not 

s ign i f i can t (Table I). In teract ions b e t w e e n electr ical conduct iv i ty and tempera tu re , e lectr ical 

conduc t i v i t y a n d moon age, and temperature a n d m o o n age s igni f icant ly co r re la ted wi th 

C P U E of g l a s s ee ls (Table I). I n d e e d , p re l im inary ana lys is ind ica tes that overa l l , C P U E 

w a s s ign i f i can t ly greatest w h e n low electr ical conduct iv i ty (<10000 u.S/cm) and m e d i u m 

t e m p e r a t u r e (10-14°C) co inc ided ( F 1 6 8 8 = 6.48, P< 0 .0005, R 2 = 0.63) , a l though C P U E w a s 

a l so h i g h w h e n m e d i u m tempera tu re occurred wi th low and h igh m o o n age , and w h e n low 

sa l in i ty o c c u r r e d wi th low a n d h igh m o o n age (Figure 4) . H igh t ides of h igher m a x i m u m 

he igh t , i.e. t ides wi th relat ively h igh water ma rk , showed a signi f icant re la t ionship wi th 

i n c r e a s e d C P U E ( P < 0 . 1 ) , but th is w a s not the c a s e w h e n c o m b i n e d w i th e lec t r i ca l 

conduc t i v i t y , t empera tu re or m o o n age (Table 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 o f C a t c h Per Unit E f f o r t ( C P U E ) o f A. australis g l a s s e e l s i n 

r e s p o n s e t o s e l e c t e d e n v i r o n m e n t a l v a r i a b l e 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 s C a p t u r e s Par U n i t é d ' E f f o r t ( C P U E ) d e s c i v e l l e s d e 

A. australis pa r r a p p o r t a u x v a r i a b l e s e n v i r o n n e m e n t a l e s c h o i s i e s . 

Source df F P 

EC (Electr ic Conductivi ty) 2 3.04 0.0542* 

Tempera tu re 2 5.29 0.0072* 

M o o n A g e 2 0.13 0.8770 

T ide Height 1 3.63 0.0607* 

EC x Temperature 2 4.80 0 .0111* 

EC x Moon Age 3 3.47 0.0207* 

EC x T ide Height 2 0.20 0.8202 

Tempera tu re x Moon Age 2 8.53 0.0005* 

Tempera tu re x Tide Height 1 1.05 0.3080 

M o o n Age x Tide Height 1 0.50 0.4829 

* S ign i f icant at P<0.1 level 
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S i t e ( E a s t - W e s t ) Da te M e t h o d M e a n C P U E 

W i n g a n R 7-8/8/94 G E N 11.1 
S n o w y R 22-23 /8 /94 G E N 57.7 
Lakes Ent rance 21 /8 /94 G E N 0.3 
B r u t h e n Ck 15-16/9 /94 G E N 1.3 
T a r w i n R 17-18/8 /94 G E N 13.5 
Y a r r a R 9-13/10/94 G E N 0.5 
B a r w o n R 3-6/9/94 G E N 25.0 
B r e a m Ck 28- G E N 0.1 

29 /10 /94 
B a r h a m R 12-13/9/94 G E N 4.8 
A i re R 11&14 /9 /94 G E N 0.3 
G e l l i b r a n d R 5-9/9/94 G E N 2.5 
Curd ies R 15-19/9 /94 G E N 3.9 
H o p k i n s R 17-18/9 /94 G E N 0.1 
F i tz roy R 19/9/94 G E N 0 
G l e n e l g R 17/9/94 G E N 0 
T a m a r R 19/10/94 G E N 55.5 
R u b i c o n R 17- G E N 1.5 

18/10/94 

C r o o k h a v e n R 7-10/6/95 S N 6.2 
G E N 0.6 

C l y d e R 23 /6-1 /7 /95 S N 21.3 
G E N 7.5 

B e g a R 3-5/7/95 G E N 3.39 
B e m m R 15-19/7/95 S N 118.9 

G E N 11.9 
S n o w y R 12-16/8/95 S N 669 .4 

G E N 5.6 
T a r w i n R 24-31/8 /95 S N 1280.9 

G E N 178.3 
B a r w o n R 24-26 /9 /95 S N 17.9 

G E N 0.6 
Y a r r a R 7-8/10/95 S N 0 
A n s o n s R 16- G E N 0 

17/10/95 
S c a m a n d e r R 14- G E N 0 

15/10/95 
S w a n R 17- G E N 0 

18/10/95 
Derwent R 29/9- S N 3.5 

4 /10/95 
G E N 1.6 

T a m a r R 7-13/10/95 S N 234 .5 
G E N 3.1 

Tab le II 

C a t c h Per U n i t E f f o r t (No . g l a s s e e l s p e r n e t p e r h o u r ) o f Anguilla australis g l a s s 
e e l s f o r 1994-95 ; G E N = g l a s s ee l n e t s ; S N = s t o w n e t s . 

T a b l e a u II 

C a p t u r e s Par U n i t é d ' E f f o r t ( n o m b r e d e c i v e l l e s / f i l e t / h e u r e ) d e s c i v e l l e s d e 
A. australis p o u r 1994-95 ; G E N = f i l e t s à c i v e l l e s ; S N = f i l e t s " h a m e n n e t " . 
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Snowy R 

- • Tarwin R 

A Tamar R 

— — C\J 
— \T> &, 

F i g u r e 3 

C a t c h Per U n i t E f f o r t ( C P U E ) o f A. australis g l a s s e e l s i n s t o w n e t s f r o m t h r e e 
s a m p l e s i t e s in 1995 . N = n e w m o o n , F = f u l l m o o n . 

F i g u r e 3 

C a p t u r e s Par U n i t é d ' E f f o r t ( C P U E ) d e c i v e l l e s d e A. australis d a n s l e s f i l e t s 
" h a m e n n e t " à p a r t i r d e t r o i s s i t e s é c h a n t i l l o n n é s e n 1995. N = n o u v e l l e l u n e , F = 
p l e i n e l u n e . 

high 

M T E M P high 

low 

ME AN SAL 

low 

medium 

medium 
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CPUE 
4000 : 

3000 -

2000 : 

1000 

medium 

M O O N high mediu m 

CPUE 
4000 : 

3000 : 

2 000 : 

1000 

0 -

high 

M O O N high 

low 

ME AN SAL 

low 

medium 

— " medium 

F i g u r e 4 

S i g n i f i c a n t i n t e r a c t i o n s b e t w e e n e n v i r o n m e n t a l v a r i a b l e s a n d C P U E f o r g l a s s 
e e l s s a m p l e d f r o m t h e S n o w y , T a r w i n a n d T a m a r R i v e r s b e t w e e n 1994 a n d 1995. 
" M E A N S A L " = m e a n e l e c t r i c a l c o n d u c t i v i t y , " M T E M P " = m e a n t e m p e r a t u r e , 
" M O O N " = m o o n a g e , C P U E = N o . g l a s s e e l s / n e t / h o u r . 

F i g u r e 4 

I n t e r a c t i o n s s i g n i f i c a t i v e s e n t r e l e s v a r i a b l e s d e l ' e n v i r o n n e m e n t e t l e s C P U E 
p o u r l e s c i v e l l e s é c h a n t i l l o n n é e s d a n s l e s r i v i è r e s S n o w y , T a r w i n e t T a m a r en t re 
1994 e t 1995 . " M E A N S A L " = c o n d u c t i v i t é m o y e n n e , " M T E M P " = t e m p é r a t u r e 
m o y e n n e , " M O O N " = p h a s e l u n a i r e ( n o m b r e d e j o u r s a p r è s la n o u v e l l e lune) , 
C P U E = n o m b r e d e c i v e l l e s / f i l e t / h e u r e . 
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D I S C U S S I O N - C O N C L U S I O N 

T h e invas ion of A. australis g lass eels into sou th -eas te rn Aust ra l ian es tuar ies is 

h igh ly var iab le , both spat ia l ly a n d temporal ly. Th is level of variabi l i ty is c o m m o n in other 

angu i l l id eel spec ies (MORIARTY, 1987 ; D O M I N G O S , 1992). However, the invasion of 

g lass ee ls of A. australis, and subsequen t pass ive migrat ion via t idal bore, are most 

c o m m o n at low sal in i ty ( m e a s u r e d as electr ical conduct iv i ty ) , and within a speci f ic 

t e m p e r a t u r e b a n d in es tua r ine wa te rs in south-eas tern Austral ia. Indeed, the corre lat ion of 

t hese va r iab les wi th C P U E of g lass eels is s t ronger than that wi th ei ther lunar phase or 

he ight of h igh t ide, wh i ch fur ther sugges ts that such movemen ts may occur dur ing most 

f l ood t ides , i r respect ive of lunar phase , prov ided the water tempera tu re is be tween 10 and 

14°C. A l t h o u g h lunar p h a s e is impor tan t in g lass eel migrat ion, wi th ups t ream migrat ion of 

A. australis c o m m e n c i n g on the n e w and full m o o n a n d reach ing a peak several days later 

( J E L L Y M A N , 1979) , no d i rect cor re la t ion be tween lunar cyc le , m e a s u r e d as the moon ' s 

a g e in days , a n d the invas ion of g lass eels in sou th -eas te rn Austra l ian estuar ies, cou ld be 

c o n c l u d e d f r om the da ta . However , signif icant interact ions be tween m o o n age and 

t e m p e r a t u r e a n d m o o n age and e lect r ica l conduct iv i ty were found . 

It is l ikely that the cor re la t ion observed be tween tempera tu re and C P U E is 

co inc iden ta l , a s seasona l t empera tu re rises w o u l d be expec ted to occur over the samp l ing 

pe r iod (late w in te r -spr ing) du r ing the per iod of peak A. australis g lass eel invasion 

( B E U M E R a n d H A R R I N G T O N , 1980) . However, t e m p e r a t u r e i nc reases to 10 C and 

a b o v e du r i ng late w in te r cou ld stil l be used as a gu ide to c o m m e n c e g lass eel f ish ing 

o p e r a t i o n s in the s tudy a rea in o rder to m a x i m i z e f i sh ing re turns on effort . M o r e 

spec i f ica l ly , t empe ra tu re ref lects o ther seasona l changes , of wh ich s o m e may have a more 

d i rec t i n f l uence on g lass eel invas ion. L ikewise, 14°C may indicate the upper l imit of 

"ef fect ive" f i sh ing . 

T h e cor re la t ion found be tween tempera ture and C P U E for A. australis in the p resent 

s tudy is cons is ten t w i th observa t ions for A. anguilla g lass ee ls in wh ich it has been 

s u g g e s t e d tha t a p re fe rence for f reshwater is af fected by tempera tu re (TOSI et a/., 1990) . 

T h e init ial arr iva l of i ncomp le te l y p igmented glass ee ls of A. rostrata at the f reshwater 

in te r face h a s been s e e n to co inc ide with a la rge i nc rease in wa te r t e m p e r a t u r e 

( S O R E N S E N and B I A N C H I N I , 1986) , and tempera tu re has been sugges ted as be ing more 

impo r tan t t han t ime of year in determin ing the invasion of A. anguilla g lass ee ls into 

es tua r i es (MORIARTY, 1987) . However , other s tud ies have fai led to f ind any corre la t ion 

b e t w e e n t e m p e r a t u r e a n d c a p t u r e of g lass ee ls of A. rostrata ( S O R E N S E N and 

B I A N C H I N I , 1986) , A. anguilla (MORIARTY, 1987) and A. australis in New Zea land 

( J E L L Y M A N , 1979) du r i ng the ac t ive migrat ion phase . There fo re , b a s e d on t hese 

o b s e r v a t i o n s and resul ts f rom the present study, it is sugges ted that tempera tu re m a y play 

a m o r e impo r tan t par t in pred ic t ing the initial invas ion and pass ive migrat ion phase of g lass 

ee ls into estuar ies, than in the subsequen t active f reshwater migrat ion phase within estuar ies. 

T h e co r re l a t i on b e t w e e n e lect r ica l conduc t i v i t y and C P U E m a y s u g g e s t tha t 

A. australis g lass ee ls a re a lso a t t rac ted to f reshwater , as conc luded by T O S I et al. (1990) 

a n d C H E N , C H E N a n d T Z E N G (1994) . However , the re la t ionsh ip b e t w e e n e lec t r ica l 

conduc t i v i t y a n d C P U E in the p resen t study may be s o m e w h a t spur ious as th is va r iab le 

wi l l genera l l y dec rease wi th d is tance ups t ream, as wel l as w i th d ischarge. A l though the 

s a m e s i tes w i th in s t r e a m s w e r e s a m p l e d du r i ng e a c h s a m p l i n g tr ip, the d i s tance of the 

s i tes f r om the es tuary mou th var ied be tween s t reams. Thus , whi le changes in e lectr ical 

conduc t i v i t y at e a c h si te ref lect c h a n g e s in f reshwater d ischarge, d i f ferences be tween si tes 

m a y be m o r e l ikely to ref lect d i f ferences in d is tance of each site f rom the es tuary mou th . In 

add i t ion , e lect r ica l conduct iv i ty is a lso affected by the magn i tude of the f lood t ide. Higher f lood 

t i des c a n be e x p e c t e d to pene t ra te fur ther u p s t r e a m , thus creat ing mo re sa l ine cond i t ions 

for longer pe r i ods of t ime dur ing the t idal cycle at any g iven locat ion in the estuary. 
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A l though he ight of h igh t ide s h o w e d a posi t ive corre lat ion w i th C P U E in the present 

study, interact ion wi th the o ther var iab les w a s not s igni f icant . G lass eel samp l ing w a s 

conduc ted genera l ly be tween 2-3 days before and 2-3 days after n e w and full moons , but 

not du r i ng the in te rven ing pe r i ods . S a m p l i n g over the c o m p l e t e lunar / t ida l cyc le there fo re 

d id not occur, thus lunar/ t idal ef fects canno t be d iscoun ted as in f luenc ing the invasion of 

A. australis g lass eels . 

In conc lus ion , t empera tu re and sal in i ty were found to be impor tan t env i ronmenta l 

cr i ter ia in de te rm in ing w h e n peak invas ion per iods of A. australis g lass ee ls are likely to 

occu r in sou th -eas te rn Aus t ra l i an es tua r i es . Th i s in fo rmat ion is usefu l in d e t e r m i n i n g 

op t ima l per iods for g lass eel f i sh ing , wh i ch may there fore assist in the deve lopmen t of a 

commerc ia l g lass eel f i shery in Aust ra l ia . 
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