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S UMMARY 

Re cogn i t i on o f  s eparate breeding s tocks and /or s imi lar 
s pe c i e s  is  important i f  commerc i a l  f i s heri e s  are to be 
e f f e c t ive ly managed . Two targets o f  the deepwater trawl 
f i s hery in s outhea s tern Au stra l i a , the common gen f i s h  Rexea 
s o l a n dri and the o cean perch Hel i col en us percoi des have 
unanswered que s t i on s  regarding the number of s eparate breed ing 
s tocks  and s imi l a r  s pe c i e s , respective ly . Both spe c i e s  occur 
around the s outhern ha l f  o f  Aus tra l i a  and New Z e a l and . Thi s 
report de s c ribes two years o f  FRDC f unded re s earch on the 
b i o chemi c a l  genet i c s  of the s e  two f i shes in an attempt to 
re s o lve the s e  que s t i on s . 

Fre s h  or f ro z en s pec imen s were obtained d i rectly f rom 
c ommerc i a l  f i s hers , f rom the market s ,  f rom f i s heri e s  
bi o l ogi s t s  in Au s t ra l i a  and New Z e a l and and o n  re s earch 
ve s s e l s . Mus c l e , l iver and gonad t i s sues were removed and 
kept f ro z en at -80°C unt i l  ana lys ed . A series of counts  ( f i n  
rays , vertebrae ) and mea s urement s  o f  body parts were made on 
gemf i s h  f rom f ive areas  to s ee i f  di f f erent s tocks were 
morpho logi c a l ly ident i f i able . A s imi lar morpho logi c a l  s tudy 
of o c ean perch has  been undertaken by N . S . W .  F i s heri e s . 
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The b i o chemi c a l  ana lys e s  were o f  three kinds . 1 )  Enzymes may 
have a number o f  d i s t inct forms ( ca l led a l l o zyme s ) whi ch are 
genet i c a l ly-determined . I ndividua l s  can d i f fer in thei r  
a l l o zymi c cons t i tution . The en zyme s  were s o lubi l i z ed by 
homogen i z ing the t i s s ue and s ub j ected to e l e ctrophore s i s , a 
pro ce s s  whi ch s eparates  a l l o z ymes on the ba s i s  o f  thei r  
e l e c tri c charge a s  s hown by d i f ferent i a l  mi gration through a n  
inert ma trix under a n  e l ectric f i eld . Af ter electrophore s i s , 
enzyme - s pe c i f i c  s ta i n s  were u s ed to revea l the po s i t i on o f  
a l l o zyme s , enab l ing the genetic  make-up o f  individua l f i s h to 
be i n f e rred . 2) The mito chondria o f  an ima l c e l l s  contain a 
c i r c u l a r  DNA mo l e c u l e  about 1 5 , 0 0 0  ba s e  pairs in l ength . 
Re s tri c t i on endonu c l e a s e  en zymes were used to make s equence
spec i f  i c  cuts  in thi s DNA . Variation between indvidua l s  or 
popu l at i on s  i n  the po s i ti on o f  the s e  cuts wa s a s s ayed by 
Southern Blotting a f ter agaro s e  ge l e l e ctrophore s i s  to 
s eparate the mtDNA f ragment s  on the ba s i s  o f  thei r  mo l e cular 
we i ght . A c l oned f ragment o f  l ake trout ( Sa l ve l in us 
na mayc u sh ) mtDNA wa s u s ed a s  a probe in the s e  experiment s .  
3 )  The deve lopment o f  the polymera s e  cha in react i on ( " PCR " ) 
ha s a l l owed the production o f  large amount s  o f  any de s i red DNA 
s equence . We app l i ed this  technique to a mi tochondr i a l  gene 
of Rexea solandri to provide materi a l  for determining the 
s equenc e  of ba s e s  in  thi s s e gment o f  DNA . The re s u l t s  of a l l  
three o f  the s e  s e t s  o f  tes t s  were s tati s t i ca l ly ana lys ed to 
i nd i cate how much interbreeding there is between f i s h  f rom 
di f f erent area s . 

Gemf i s h  

A tota l o f  2 88 s pec imen s o f  common gemf i s h  were ana lysed f or 
pro t e i n  e l e c t rophore s i s  (277), re s triction f ragment l ength 



var i a t i on in mtDNA ( 1 3 6 ) ,  DNA s equenc ing ( 1 4 )  and / or 
morphometri c s  ( 6 2) .  The area tota l s  are : N . S . W .  and eas tern 
Vi ctoria ( 7 9 ) , Ta smania ( 2 6 ) , we s tern Vi ctori a , South 
Au s t ra l i a  and the Great Au stra l i an Bight ( 9 4 )  the we s t  coas t 
o f  We s te rn Au s t ra l i a ( 4 7 ) and New Z e a l and ( 4 2 ) . 

No externa l di f f erences were found in the counts or body 
mea s urement s f rom f i s h f rom di f f erent regi ons , a l though a 
number o f  mea s urement s  were f ound to vary wi th age ( head 
l ength , s nout l ength , eye di ameter ) .  However ,  the bio chemi c a l  
re s u l t s  i nd i cate that two di s tinct gemf i s h s to cks oc cur in 
Au s t ra l i a  wi th a lmo s t  no interbreeding . Al l three bio chemica l 
ana lys e s  gave s imi lar re s u l t s , a l though the re s tri c t i on 
f ra gment ana lys i s  o f  mtDNA in whi ch a l l  1 1  tes ted 
endonu c l e a s e s  reve a l ed f i xed ( or nearly f ixed) d i f f erences wa s 
more s en s i t ive than protein e l ec trophore s i s  where only one o f  
3 6  en zyme l o c i  showed a nearly f ixed di f f erence . The bounda ry 
between the s tocks  i s  a t  the we s tern edge o f  Ba s s  S t ra i t , wi th 
the po s s ibi l i ty o f  s ome l imi ted mixing ( and very l imited 
interbreeding) on the we s t  c oa s t  o f  Ta smania .  More s pe c imen s  
are needed f rom thi s c r i t i c a l  area . There i s  no ind i c a t i on of  
s ub-popu l a t i on s  in ei ther the ea s tern s to ck ( Byron Bay , N . S . W .  
to s outhern Ta smania) or the s outhern /we s tern s tock 
( We s ternport , Vi ctoria to Shark Bay , We s tern Au s tra l i a . 

I n  c ontra s t , di f f erences between popu l ations f rom ea s tern 
Au s t ra l i a and New Z e a l and were observed only in sma l l  
f requency change s i n  a l l o zyme s , re s tr i c t i on s i te pre s ence or 
DNA s equence s . Our conc l u s i on i s  that there i s  s ome l eve l o f  
mixture o f  the two popu l a t i on s . I n  theory , l ow mi gra t i on 
l eve l s  ( < 1 %) s hould re s u l t  in c omplete popu l a t i on 
homogeni s a t i on . Our re s u l t s  s how that thi s ha s not o c curred , 
imp l ying that migra t i on between the area s i s  not at a h i gh 
enough l eve l to requ i re f i sherie s  managers to treat them as a 
s ing l e  s tock . 

Ocean Perch 

N . S . W .  F i s heries  b i o l ogi s t s  have ident i f ied a s ha l l ow and a 
deep f o rm o f  ocean perch . A tota l o f  9 2  spec imens ( 3 9 
sha l l ow , 5 3  deep) were obta ined . From N . S . W . , there were 34 
s ha l l ow and 1 5  deep ; f rom Ta smania , f ive s ha l l ow and 1 6  deep ; 
f rom We s te rn Au s t ra l i a , 1 3  deep ; and f rom New Z ea l and , nine 
deep ( Fi g . 2 ) . Protein e l ectrophore s i s  wa s conduc ted on 7 2  
spec imens ( 3 1 s ha l l ow ,  4 1  deep) and mtDNA re s triction ana lys i s  
o n  1 1  s p e c imen s ( 5  s ha l l ow ,  6 deep) . Our re s u l t s  s how that 
the f o rms do not interbreed a long the ea s t  coa s t  of Au s tra l i a , 
and that intermixing between populations  wi thin f o rms i s  
l imited . DNA ana lys e s  o f  many more spec imens f rom throughout 
the range wi l l  be requi red to obtain a c curate e s t ima tes  of the 
extent of thi s l imi tation . 
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INTRODUCTION 

Re cogn i t i on o f  s eparate breeding s tocks and d i f f erentiati on 
of s imi l a r  spec i e s  are important if c ommerc i a l  f i sheri e s  are 
to be e f f e c t ive ly managed . Two targets  of the deepwater trawl 
f i s hery in s outhea s t  Aus t ra l i a , the common gemf i s h  Rexea 
solandri ( Cuvi e r , 1 8 3 2 ) and the ocean perch Hel i col en us 
percoi des ( Ri chard s on , 1 8 4 2 ) , have unanswered que s t i ons  
regarding the number o f  breeding s tocks and the number o f  
s imi l a r  s pe c i e s , re s pectively , invo lved in the c ommerc i a l  
f i shery . The pre s ent s tudy wa s undertaken , wi th the f i nanci a l  
s upport o f  FRDC , t o  determine i f  bio chemi c a l  genet i c s  could be 
uti l i s ed to s eparate breed ing s tocks / spec i e s  in the two 
f i sher i e s . To s imp l i fy pre s entation , each s e c t i on o f  thi s 
report i s  in two part s , A .  Gemf i s h  and B .  Ocean Perch. 

A .  Gemf i s h  
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The c ommon gemf i s h  i s  one o f  s i x  s pec i e s  o f  the Indo-Pacif i c  
genu s Rexea , f our o f  wh i ch a r e  f ound in Aus tra l i an wa ters 
( Parin , 1 9 8 9 ; Parin and Paxton , 1 9 9 0 ) , and one o f  1 6  

Au s t ra l i a n  spec i e s  o f  the f ami ly Gempyl i dae ( Nakamura and 
Parin , 1 9 9 3 ) . Other gempyl ids of commerc i a l  importance in 
Au s t ra l i a  inc l ude the barra c outa Thyrsi tes a t un , the e s c o lar 
R u ve t t us pre t i os us and , more rare ly ,  the o i l f i s h Lepi docybium 
f l a vobrunn e u m . The c ommon gemf i s h  ha s been recorded only f rom 
the s outhern ha l f  of Au stra l i a , f rom 2 7 °8 o f f  Bri s bane , 
Queen s l and to 3 1°8 o f f  Perth , We s tern Aus tra l i a  and f rom New 
Zea l and waters ( Parin and Paxton , 1 9 9 0 ) . Thi s  gemf i s h  i s  
caught c ommerc i a l ly o f f  N . S . W . , eas tern Vi ctoria and eas tern 
Ta sman i a , pri n c i p a l ly during a winter s pawning migra t i on to 
northern N . S . W .  ( Graham et a l . ,  1 9 8 2 ; Rowl ing , 1 9 9 0 a , b ) . The 
s pe c i e s  a l s o  i s  taken commerc i a l ly in we s tern Ta smani a  and 
we s tern Vi c toria ( D .  Smi th , pers . comm . 1 1 / 9 0 ) , and in 
i n c rea s ing numbers in the Great Aus t ra l ian Bight ( D .  Turner , 
pers . c omm . 1 0 / 9 0 ) ; i t  a l s o  ha s been caught o f f  Perth , W . A .  
( A .  Wi l l i ams , pers . comm . 8/89). The spec i e s  i s  a l s o  
c ommerc i a l ly important i n  New Zea l and . On ly one New Zea l and 
s pe c i e s , the c ommon gemf i sh , i s  a s s umed , but other s pe c i e s  
have not been l ooked f or by the f i s hery biologi s t s  ( R .  Hurst , 
pers . c omm . 1 2 / 8 9 ) . Two other s pe c i e s  o f  Rexea have recently 
been added to the New Z e a l and f i s h fauna ( Pau l in e t  a l . ,  1 9 8 9 ; 
Pau l in , 1 9 9 1 ) ; one o f  us  ( JP ) f ound only one s pec imen o f  R .  
prome theoi des , f rom o f f  the we s t  c oa s t  o f  North Is l and , in the 
c o l l e c t i on s  of the Nat i ona l Mus eum of New Z e a l and in 1 9 8 9 . 

The gemf i s h  f i shery in Au stra l i a  deve l oped in the early 
1 9 7 0 s t o  the mo s t  important winter -caught s pec i e s  in the 
s outhea s t  trawl f i shery , wi th a maximum of more than 5 , 0 0 0  
tonnes c aught in  1 9 8 0 . Since 1 9 8 7  the catch ha s dec l i ned 
dramat i c a l ly , wi th TAC quotas impo s ed in  1988 ( Rowl ing ,  
1 9 9 0 a , b ;  Rowl ing and Reid , 1 9 9 2 ) ; the quota f or 1 9 9 2  wa s 2 00 
tonne s ( Rei che l t  and Ti l z ey ,  1 9 9 2 ) . Concurrently the gemf i s h  
f i s hery in New Z ea l and expanded f rom about 3 0 0 0  tonnes in  
1978/9 to a maximum o f  more than 8000 tonnes in 1985/6, and 
then de c l ined to 29 5 0  tonnes in 19 9 0/ 1 ,  l e s s  than ha l f  the TAC 



( Anna l a , 1 9 9 2 : pp . 7 9 - 8 0 ) .  

The que s t i on o f  s eparate breeding s tocks in  the c ommon 
gemf i s h  ha s obvious and important imp l i cation s  f or the 
management of the f i s hery . If the s pe c i e s  i s  a s ing l e , 
panmi c t i c  popu l a t i on re s u l t ing f rom the winter s pawn i ng event 
o f f  the north c oa s t  o f  N . S . W . , ea s tern Aus t ra l ian and New 
Z e a l and quot a s  s hould be integrated in a j oint management 
program . The sma l ler f i s hery in we s tern Vi ctoria and o f f  
S outh Au s t ra l i a , a s  we l l  a s  the potent i a l  f i s hery o f f  Perth , 
should a l s o  be l imi ted in a tota l management quota . On the 
other hand , i f  s eparate breed ing s tocks can be iden t i f i ed ,  
s epara te f i shery management plans  can be ma inta ined . 

In Au s t ra l i a , s eparate eas tern and we s tern gemf i s h s tocks 
have been a s s umed f or mana gement purpo s e s  s ince 1 9 9 0  on the 
ba s i s  of "s ome bio l ogi c a l  i n f orma tion " [l ength - f requency 
d i s tributions  of j uveni l e  f i s h f rom we s tern Ba s s  Stra i t  
appeared s ix months out o f  pha s e  wi th tho s e  f rom ea s tern 
Au s tra l i a  ( Smi th , 1 9 9 3 ) ] .  F i s h  f rom we s tern Ba s s  Stra i t  ( and 
the Great Aus t ra l i an B i ght ) were cons idered s eparately as the 
we s te rn s tock ( Anon . ,  1 9 9 0 ) . However , no morpho logi c a l  or 
biochemi c a l  evidence wa s ava i l able to s upport the a s s umption . 
The Austra l ian gemf i sh h a s  a lways been con s i dered a s eparate 
s tock f rom the New Z e a l and population , wi thout s upporting 
evidence . In New Z e a l and , two s tocks are a l s o  a s s umed , a 
s outhern /we s t  c oa s t  s tock and a northern / e a s t  coa s t  s tock 
( Hurs t , 1 9 8 8 ; Anna l a , 1 9 9 2 : 8 1 ) , but the s e  s tocks have not been 
c on f i rmed e i ther biochemi ca l ly or morpho l ogi c a l ly .  The 
pre sumed s tock boundaries  oc cur s omewhere on the e a s t  coast  o f  
the South Is l and and on the we s t  coa s t , perhaps between North 
and South Is l and s ( Hurst , in l i t . , 1 1 / 9 2 ) .  Four s eparate 
management a rea s a re uti l i s ed ( Hurs t , 1 9 8 8 ) . 

B .  Ocean Perch 

The o c ean perch ( a l s o  known a s  the red gurnard perch [La s t  
e t  a l . , 1 9 8 3 ; Hutchins  and Swains ton , 1 9 8 6 ; May and Maxwe l l , 
1 9 8 6 ] )  i s  in  the genu s Hel i col en us ,  wi th s even s pe c i e s  
currently recogni s ed f rom the At lant i c , Indian and Pa c i f i c  
Oceans ( Pa u l i n , 1 9 8 9 ) . It i s  one ( or more , s ee be l ow ) o f  80 
Au s tra l i an s pe c i e s  in  the f ami ly S corpa enidae ( Paxton et a l . , 
1 9 8 9 ) ,  an  important commerc i a l  f ami ly that i n c l udes the rock 
f i s he s  of the northea s t  Pa c i f i c . The pa s t  u s e  of nomenc l ature 
for the o cean perch ha s been confus ing , ever s ince Mccu l loch 
( 1 9 2 9 - 3 0 ) incorre c t ly syn onymi s ed Scorpa ena papi l l os u s  ( B loch 
and S chne ider , 1 8 0 1 ) wi th Hel i co l en us percoi des ( Ri chard s on , 
1 8 4 2 ) . As a re s u l t , a number of authors have u s ed H.  
papi l l os u s  f or thi s s pe c i e s . Pau l i n  ( 1 9 8 2 ) pointed out 
McCu l l o ch ' s  ( 1 9 2 9 - 3 0 ) error . H. percoi des wa s origina l ly 
de s cribed f rom New Z e a l and , where it i s  now known f rom o f f  
North Cape a t  3 4°1 3 ' S  t o  the Snares Is lands a t  4 8°0 l ' S  ( Paulin , 
1 9 8 9 ) . In Au s tra l i a  i t  ha s been recorded f rom o f f  Newca s t l e , 
N . S . W .  ( 3 3°S ) to o f f  Albany , W .  A .  ( 3 5°S ) ( Hutchins and 
Swa i n s ton , 1 9 86 ) . It ha s a broad depth range , from 10 rn to 
more than 75 0 m ( La s t  e t  a l . ,  1 9 8 3 ) . 
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Ocean perch i s  c aught commerc ia l ly o f f  N . S . W . , Ta smania a nd 
we s tern Vi ctoria ( Park , 1 9 9 3 ) . The f i s hery deve l oped in the 
mid- to l a te 1 9 7 0 s , wi th the spec ies recorded s eparately at 
the Sydney F i s h  Market s ince 1 9 7 6 . Catches through the Sydney 
F i s h  Market have ranged f rom 2 0 0  to 4 0 0  tonnes f rom 1 9 7 7  to 
1 9 8 9 , and 8 0  t o  1 2 0  tonnes f rom 1 9 8 9  to 1 9 9 1  ( Park , 1 9 9 3 ) .  In  
1 9 8 9  N . S . W .  F i s heries  s c i ent i s t s  K .  Rowl ing and T .  Park 
brought two f o rms o f  ocean perch spec imens to the Au s tra l ian 
Mu s eum , an i n s hore or shal l ow form and an o f f  shore o r  deep 
f o rm ,  that di f f ered primari ly in c o l our and c apture depth. 

Pre l imi nary prote i n  e l e c trophore s i s  on the t i s s ue s  o f  22 
O c ean perch s pe c imen s indi cated large di f f eren c e s  in a l l ozyme 
f requenc i e s  in three enzyme s ,  s ugge s ting the po s s i bi l i ty that 
the f o rms a re d i s t i n c t  s pe c i e s . 

Pau l i n  ( 1 9 8 2 ) i nd i c a ted the New Z e a l and s pe c i e s  repre s ented 
a s pec i e s  c omp l ex that requi red further s tudy . Pau l in ( 1 989 )  
c on c l uded only two s pe c i e s  were pre s ent , the wides pread H. 
percoi des and the l arge - eyed , more s outhern H .  bara thri ; he 
a l s o  recorded thi s s e c ond species f rom s outhern Au s t ra l i a , 
ba s ed on f i gures in  La s t  e t  a l . ( 1 9 8 3 ) and May and Maxwe l l  
( 1 9 8 6 ) . Prel iminary protein e l ectrophore s i s  f a i led to revea l 
s pe c i e s  d i f f eren c e s  in New Z e a l and materi a l  o f  H. percoi des 
( Pa u l i n , in l i t . , 1 0 / 8 9 ) .  

OBJECTIVES 

A .  Gemf i s h  

The ob j e c t ive o f  thi s port i on o f  the s tudy i s  t o  u s e  the 
b i o c hemi c a l  techniques of protein e l e ctrophore s i s  and 
mi tochondria l DNA ( mt DNA ) ana lys i s  to a s certain whether 
s eparate breeding s tocks  o f  the common gemf i sh can be 
d i s c riminated . 

B .  Ocean Perch 

The ob j e c t ive here is to use biochemi c a l  techniques to 
determine how many d i s tinct s pec ies  are pres ent in the o cean 
perch , genu s Hel i col en us ,  f i shery .  

MATERIALS 

Mu s c l e , l iver and ( more rarely ) gonad t i s sues were obtained 
f rom f re s h  or f ro z en s pec imens of  both gemf i sh and ocean 
perch , p l a c ed in  labe l l ed c ryovi a l s  and ma inta ined in a - 8 0°C 
f ree z e r  unt i l  the biochemi c a l  ana lys e s  were perf ormed . Mus c l e  
t i s s ue , predominant ly whi te , wa s taken f rom the right s ide o f  
e a c h  s pe c imen , between the anterior portion o f  the l atera l 
l ine and the dors a l  f in . Each spec imen wa s s exed 
ma c ro s copi c a l ly ( i f mature enough ) and mea s ured , e i ther f ork 
l ength ( f l )  or  s tandard l ength ( s l ) , to the neare s t  mm ;  f l  wa s 
later trans f o rmed to s l  ( to the neare s t  5 mm )  by the equation : 

s l  = f l  - ( f l x 0 . 0 7 )  



Mo s t  s pe c imens were preserved in 1 0 %  forma l in , tran s f erred 
to 7 5 %  ethano l , and reg i s tered , at l e a s t  temporari ly , in the 
Au s t ra l i an Mu s eum f i s h c o l lection for later morpho l ogi c a l  
ana lys i s  and , f or a more l imited number , a s  permanent voucher 
spec imen s . 

I n  order t o  obtain spec imens f rom a s  many l o c a l i t i e s  a s  
po s s ib l e , s tate f i s heri e s  o f f i cers were contacted in New South 
Wa l e s , Vi ctoria , Ta smania and South Au s tra l i a , as we l l  a s  
CSIRO i n  Hobart and Perth and New Zeal and f i sheri e s  pers onn e l  
in We l l ington and Au c k l and . A spe c i a l  WANTED le tter ( Append ix 
2 )  wa s prepa red f or commerc i a l  f i shers f rom Ta smani a ,  a s  
spec imen s f rom here proved the hard e s t  t o  obta i n . Eventually 
i nd ivi dua l c ommerc i a l  f i shers were contac ted from New South 
Wa l e s , Tasmania and South Au s tra l i a , with mixed s u c c e s s . 

A .  Gem f i s h  

9 

A tota l o f  288 s pe c imens o f  common gemf i s h  were ana lys ed f or 
prote i n  e l e ct rophore s i s  ( 2 7 7 ) ,  re s triction f ragment l ength 
polymorphi sm in mtDNA ( 1 3 6 ) , DNA s equenc ing ( 1 4 ) , and / o r  
morphometri c s  ( 6 2 ) . The area tota l s  a r e  New South Wa l e s  and 
e a s tern Vi ctoria ( 7 9 ) ,  Tasmania ( 2 6 ) ,  we s tern Vi ctori a , South 
Au s t ra l i a  and the Great Aus tra l i an Bight ( 9 4 ) , the we s t  coa s t  
o f  We s tern Au s t ra l i a  ( 4 7 )  and New Zealand ( 4 2 )  ( Fi g . 1 ) . A 
l i s t  o f  a l l  spec imens uti l i z ed i s  appended ( Appendix 3 ) . To 
t e s t  for the e f f e c t s  of s ea s ona l i ty , annua l va riation , and a ge 
va ri abi l i ty ,  the N . S . W .  co l l ection included spec imens o f  
d i f f erent s i z e s  f rom s ix di f f erent months in three di f f erent 
years ( Append i x  3 ) . The spec imens f rom other area s are much 
more l imited , s omet ime s  the re su lt  o f  a s ingle c o l l e c t i on . 

B .  Ocean Perch 

On ly 92 spec imens of ocean perch s pec imens were obtained f or 
s tudy ( Appendi x  4 ) . O f  thes e  3 9  were the s h a l l ow f orm and 5 3  
the deep f o rm ,  f rom New South Wa l e s  ( 3 4 s ha l l ow ,  1 5  deep ) , 
Tasmania ( 5  s ha l l ow ,  1 6  deep ) , We s tern Aus t ra l i a  ( 1 3 deep ) and 
New Z e a l and ( 9  deep ) ( Fi g . 2 ) . Of  the s e , protein 
e l e c trophore s i s  wa s c onduc ted on 7 2  s pec imens ( 3 1 s ha l l ow ,  4 1  
deep ) and pre l iminary mtDNA re s tri ction en zyme ana lys i s  on 1 1  
spec imens ( 5  s h a l l ow ,  6 deep ) . Al though s pe c i a l  WANTED 
po s ters and c o l our photograph s o f  the two forms were s ent out 
in the s e c ond year o f  the pro j ect , no spec imens f rom Vi c tori a 
or South Au s t ra l i a  were obtai ned . 



METHODS 

The methods uti l i z ed f or both gemf i s h  and ocean perch are 
s imi l ar , a l though no morpho l ogy , t i s sue deteri ora t i on , or 
mtDNA s equenc ing wa s attempted f or ocean perch . 

Morph ol ogy 

A. Gemf i s h 

1 0  

An i n i t i a l  group o f  3 5  gemf i s h s pe c imens f rom N.S . W. ( 1 2 ) , 
S . A . ( 6) ,  W.A. (8) and New Z e a l and ( 9 )  were examined f o r  any 
obvi ous  morpho l o g i c a l  di f f erences  ( dent i t i on, s c a l at i o n, 
c o l ora t i on ) , x - rayed f or meri s t i c  counts o f  vertebrae, ribs, 
and f i n  rays, and mea s ured to the neare s t  O . lrnrn wi th d i a l  
c a l ipers f o r  3 0  d i f f erent mea s urements. Wh i l e  i t  wa s p l anned 
to  uti l i s e  the f u l l  range of l engths f or each of the f our 
area s , thi s  proved impo s s ib l e , due to the more l imited s i ze 
range o f  s pe c imens ava i l able f rom a l l  area s except N . S . W .  Al l 
o f  the s pe c imens mea s ured were obtained during thi s s tudy and 
i n i t i a l ly ( s omet ime s a f ter f ree z ing ) f ixed i n  f o rma ldehyde a nd 
pre s erved in a l cohol . 

The i n i t i a l ana lys i s  o f  3 5  s pec imens ind i c a ted that meri s t i c  
coun t s  d i d  not d i f f erentiate any o f  the area s and n o  f urther 
spec imens were x - rayed . However the data sugges ted that 
a l l ometri c growth wa s l ikely in a number of f ea tures i n c l uding 
head length , s nout l ength , eye di ameter , and s nout to pectora l 
origin . An add i t i onal 2 7  spec imens were mea s ured for the se 
f our mea s urement s ,  p l u s  s tandard l ength and f i r s t  and s e cond 
dor s a l  spine l ength s , to provide the f ina l data s et on 6 2  
s pe c imens . Be c a u s e  the f ew spec imens f rom the we s t  c oa s t  of 
Ta smani a  appear t o  be a geneti c  mixture ( s ee be l ow ) , they were 
s eparated a s  a d i s t i n c t  group f or ana lys i s . 

B .  O cean perch 

Tim Park of N . S . W .  F i s heries  is completing a s t udy of the 
morpho l o gy of o cean perch , ba s ed on spec imens f rom N . S . W .  He 
ha s f ound a number of features that di s tingu i s h  the s ha l l ow 
and deep f orms , i n c luding c o l our and eye diameter ( Park , 
1992). Hi s work has  not been dup l i cated in thi s  s tudy , and 
ident i f i ca t i on of our spec imens as sha l l ow or deep f o rms ha s 
been ba s ed on c o l our and capture depth . 

Ti s s u e  Deteri ori a ti on (Gemf i sh on ly) 

Ti s s u e s  f rom e i ght f re s h ly caught s pec imens o f f  Sydney ( on 
the c ommerc i a l  ve s s e l  Ma i o  I )  and s even s pec imens o f f  We s tern 
Au s t ra l i a  ( on the C SIRO FRV Southern Surveyor ) were p l a ced in 
a l iquid nitrogen f ree z er ( Sydney ) or - 2 0°C f ree z er ( W . A . ) 
wi thin two and one ha l f  hours o f  reaching the deck . Whi l e 
s ome o f  tho s e  providing spec imens ( J .  McKen z i e , N . Z . ) were 
a b l e  to c on f i rm that the i r  f i s h  had t i s sues f ro z en wi thin 1 2  
hours o f capture, mo s t  other spec imens had s pent an 
indeterminate l ength o f  t ime on a ship in the s un , under ice  
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and / or f ro z en be f ore t i s sues could be removed . 

Shaklee and Keenan ( 1 9 8 6 : 2 0 ,  f i g . 5 )  demons trated that , f or 
mo s t  enzyme s , re f ri gerat ed s torage o f  t i s s ue s  a t  5°C f or up to 
1 5  days ha s no dete ctable e f f ect on the re s u l t ing patterns . 
They a l s o  f ound t i s s ue could be s tored f ro z en at  - 2 0°C or -7 0°C 
f or up to  1 8  months wi th l i t t l e  or no qua l i tat ive e f f ec t s  on 
en zyme band ing pattern s , and that t i s sue could be thawed and 
re f ro z en up to 1 0 0  t ime s over a three week peri od wi th no 
detectab l e  e f f e c t s  on band ing pattern s for mo s t  en zyme s 
t e s ted. We are , however , not aware of  s imi lar data ava i labl e 
f or mt DNA ana lys es. Nor do we know how l ong gemf i s h can be 
kept a t  amb i ent tempera ture be f ore en zyme s or mt DNA break 
down . There f ore the e i ght s pec imen s caught o f f  Sydney on a 
c ommerc i a l  ve s s e l  were not i c ed or f ro z en a f ter the i n i t a l  
t i s sues  were taken a n d  f ro z en , but p l a ced in a f i s h b o x  and 
l e f t  out of doors for s even days . Mu s c l e , l iver , and gonad 
( a l l  ovarian ) t i s s ue s  were taken f rom each of the e i ght 
s p e c imen s  on days 0 ,  1 ,  2 ,  4 ,  and 6 ( and f rom only two 
s p e c imen s on days 3 and 5 )  around noon , and p l a ced i n  a - 8 0°C 
f ree z er . The f i s h  were in  the s un for up to three hours each 
day . Al though i t  wa s midwinter ( 2 3 - 2 9  July 1 9 9 2 ) ,  the maximum 
t emperatures ranged f rom 1 7 . 3°C to 2 1 . 4°C ( and wou l d  have been 
wa rmer in the s un ) and the minimum temperatures ranged f rom 
5 . 1 °C to 1 2 . 2°C ( Sydney Bureau o f  Meteoro l ogy , pers . c omm . ) .  
Af ter the s eventh day the f l e s h  wa s s o  obvious ly deteri orating 
that the f i s h  would not have been a c c epted f or t i s sue s ample s .  

El e ctrophoresi s  

Ti s s ue wa s ground i n  1 vo l ume o f  t i s sue t o  1 vo l ume o f  
homogeni s ing bu f f er ( l O Oml tri s -HC l , pH 7 . 0 , lrnM Na 2 EDTA ,  
0 . 5rnM NADP and 5 0µ1 / l O Oml �-mercaptoethano l )  in hand-held 
g l a s s homogeni s er s . The preparat i on wa s centri f uged a t  1 3 , 5 0 0  
rpm in an MS E Mi crocentaur centri f uge and the s upernatant 
d i vided into a l iquot s  he ld at - 8 0°C awa i t ing e lectrophore s i s . 
E l e c t rophore s i s  wa s per f o rmed on " Titan 1 1 1 " ( He l ena , Au stin ) 
c e l l u l o s e  a cetate ge l s  a c cording to s tandard procedures 
( Hebert and Beaton , 1 9 8 9 ) . Gels were run f or 6 0 ' ( ex cept 
e s tera s e  run f or 40 ' ,  and peptida s e - phe-pro 3 0 ' ) ,  wi th a 
cons tant potenti a l  drop o f  2 0 0V between e l ectrode s . Twenty
two en z yme sys tems encoded by 3 6  loci  were s c ored . S t a i ning 
protoc o l s  were adapted f rom Harri s and Hopkin s on ( 1 9 7 7 ) ,  
Ri chard s on et a l . ( 1 9 8 6 ) ,  Shaklee and Keenan ( 1 9 8 6 ) ,  and 
Hebert and Beaton ( 1 9 8 9 ) . Fluore s cence method s were u s ed for 
e s t e ra s e . 

The en zymes s ta ined , t i s sues used , abbreviations f o l l owing 
Shak lee et a l . ( 1 9 8 9 ) u s ed herein , E . C .  numbers , running 
bu f f er and number o f  pre s umpt ive geneti c  l o c i  are given i n  
Tab l e  1 .  Allo zyme s  ident i f ied during thi s s tudy a re 
numeri c a l ly de s i gnated in  order o f  their re lat ive anoda l 
mobi l i ty ,  a s  were di f f erent l o c i  encoding the s ame en zyme . The 
f o l l owing c onvention for e l ec trophoretic  nomen c l ature i s  
adopted in this report. Protein-encoding loci are italicis ed, 



wi th l etters other than the f i rst  in l ower c a s e  ( e . g .  Gpi -2) 
whi l s t  the protein s , or a l l o zymes , thems e lve s are i n  p l a i n  
capi ta l s  ( e . g .  GP I - 2  A ) . 

Mt DNA 

1 2  

DNA wa s extra cted f rom f ro z en l ivers , or mus c l e , i f  l iver 
wa s not ava i lable f rom the anima l , us ing the technique o f  
Mi l l er e t  a l . (1989). For re s t r i c t i on en zyme d i ge s t i on s , DNA 
wa s treated f o r  between 3 and 1 6  hours wi th 3 to 5 un i t s  o f  
the re s t r i c t i on endonuc l ea s e  per µg o f  DNA under the rea c t i on 
cond i t i o n s  spec i f ied by the manu f a c turer . A pane l o f  
re s tr i c t i on endonu c l e a s e s  wa s i n i t i a l ly s c reened t o  identify 
tho s e  wh i ch cut the mi to chondri a l  DNA ( " mtDNA " ) of both New 
S outh Wa l e s  and New Z e a l and s pec imens . A tota l of 11 o f  the s e  
endonu c l ea s e s  were routinely app l i ed t o  DNA s amp l e s , a l though 
s ome spec imens were exami ned only for a subset of the s e . The 
1 1  ut i l i s ed endonuc l ea s e s  c ompri s ed the 6 -ba s e  recogn i s ing 
en zyme s  Hin d  III and Ps t 1, and the 4 -ba s e  recogni s ing 
e nzyme s  Al u 1, Ban II,  Cfo 1 ,  Dde 1, Ha e III , Hin f  1, Hpa II, 
Mbo 1, Sa u JA . The 6 -ba s e  cutters Bam Hl , Eco Rl and Xho 1 
tes ted i n  the i n i t i a l  pane l were not u s ed because they cut the 
mt DNA only once or not at a l l . 

Af ter d i g e s t i on , s amp l e s  were run on agaro s e  ge l s  ( 0 . 8 % f o r  
6 -ba s e  cutters , 1 . 5 % f o r  4 -ba s e  cutters ) containing 1 7 µ1 o f  
5mg /ml ethidium bromide and 2 5µ1 o f  l Omg /ml RNa s e  A p e r  2 5 0rnl 
g e l  s o l u t i on . To enabl e  e s t imation o f  f ra gment s i z e s , lµg o f  
Hin d  III - d i g e s ted l ambda DNA wa s run on 0 . 8 % ge l s  and l µg o f  
the pGEM™ marker o n  1 . 5 % ge l s . Af ter trimming ( in c l uding 
remova l o f  the marker l anes ) and f o l l owing part i a l  d e 
pur i na t i on f o r  1 0 ' in  0 . 2 5M HC l ( 6 -ba s e  cutters on ly ) , 
a l ka l ine denatura t i on f o r  3 0 ' in 0 . 5M NaOH , 1 . 5M NaC l and 
neutra l i s at i on f o r  4 5 ' in 0 . 0 2 5M Na2HP04/ NaH2P04 , ge l s  were 
capi l l a ry b l o t ted onto Gene s c reen ( Dupont ) . Af ter blott ing , 
membranes  were baked at  8 0°C for 3 hours and s tored between 
Wha tman 3MM chromatography paper . 

Probe s were prepared by ni ck tran s lation ( Ri gby e t  a l . ,  
1 9 7 7 ) o f  1 / 2  µg p l a smid DNA . Unincorporated 32

P wa s removed by 
s pun - c o l umn chromatography us ing Bio-Spin c o l umns ( Bi o -Rad ) .  
N i c k - tran s l a t i on product s  were denatured by bo i l ing for 5 '  
be f o re add i t i on to probe mixtures . Membrane s were pre -hybed 
in 6 x S S C , 0 . 5  % SDS , 5 x Denhardt ' s  So lution , at 6 3°C f o r  2 
hours . They were then p l a c ed in po lyethylene bags wi th 3 to 
Sml of f re s h  hybridi sat i on s o lution , bubbles  were s quee z ed out 
and the denatured probe wa s added . Af ter s ea l ing , the bags 
were held a t  5 8°C for 1 6  hours . The probe wa s dra ined f rom the 
membrane s whi ch were then tran s f erred to trays o f  2 x S S C . 
Wa s h i ng o f  the f i l ters f o l l owed thi s proto co l : 

1 wa sh f or 5 '  at room temperature in 2 x S S C  
1 wa sh f o r  2 0 ' at 3 7°C in 1 x SSC , 0 . 5 % S D S  
1 wash for 20' at 58°C in 0 . 5  x SSC ,  1 %  SDS . 
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Af ter wa s h i ng , membranes were pla ced in 2 x S S C  awa i t ing 
b l otting , wrapping in p l a s t i c  f i lm and autoradi ography at -80°C 
f o r  one t o  s even days with inten s i fying s c reens . Af ter 
expo s ure , probe wa s s tripped by shaking the membrane f o r  3 
hours a t  7 S°C in  3 0 0ml pre-heated lmM Tri s -HC l ( pH 8 . 0 ) , 0 . 1  x 
Denhardt ' s  reagent ( Sambrook e t  a l . ,  1 9 8 9 ) . Probe remova l wa s 
c on f i rmed by re -expo s ure . 

The probe u s ed in the s e  experiment s wa s a 9 . 6 7 kb Barn H l/ 
S a l  1 f ra gment o f  lake trout ( Sa l ve l i n u s  namaycush ) 
mi to chondri a l  DNA c l oned into the S tratagene PBS B l u e s cript 
p l a smid ( Grewe e t  a l . , 1993 ) .  Thi s c l one wa s kind ly provided 
to u s  by Dr P .  M .  Grewe of  the C S I RO Divi s i on o f  Fi s heries . 
The f ra gment inc l udes the D loop regi on and the 1 2 S rRNA gene . 
Large - s c a l e DNA preparations f rom the c l one were made 
f o l l owing the a lka l ine lys i s  procedure deta i l ed in  S ambrook e t  
a l . ( 1 9 8 9 ) , f o l l owing conf i rmat i on of  p l a smid antibiot i c  
re s i s tance and ins ert s i z e . 

DNA Sequen cing (Gemf i sh On ly) 

The po l ymera s e  cha in rea c t i on ( " PCR " ) wa s u s ed to amp l i fy 
DNA f rom the mi to chondri a l  1 2 S rDNA gene a c cording to s tanda rd 
rea c t i on cond i t i on s  ( Sambrook et a l . ,  1 9 8 9 ) and a f ina l volume 
o f  1 0 0µ1 .  Perkin - E lmer-Cetus PCR Gems™ were us ed to a l l ow PCR 
via  the " hot - s tart " modi f i cation . The o l i gonu c l eotide pa ir 
u s ed f o r  amp l i f i ca t i on wa s that de s cribed by Ko cher et a l . 
( 1 9 8 9 ) . The Kocher e t  a l . ( 1 9 8 9 ) cytochrome B primers were 
a l s o  t e s ted but f a i l ed to amp l i fy gemf i sh DNA in any of a 
va ri ety o f  c ond i t i on s . The s tep parameters u s ed f o r  the 1 2 S 
rDNA primers were a s  f o l l ows : 

S t ep 1 
S tep 2 
S tep 3 

DENATURAT I ON 

9 3° 
9 3° 
9 3°  

s I 
1 I 
1 I 

ANNEALI NG EXTENS I ON CYCLES 

S0° 
S0° 
S0° 

l '  
l' 
l' 

7 2° 3, 
7 2° 3, 
7 2°  1 0, 

1 
3 0  

1 

Af ter PCR wa s c omp l eted , 6 µl o f  the product wa s run on an 
agaro s e  min i g e l . Wi th our c onditions only one band , of the 
expe c ted s i z e , wa s detec ted , s o  that s ubs equent ge l 
puri f i c a t i on wa s unnec e s s ary . DNA s equenc ing wa s then 
per f o rmed via l inear amp l i f i cation us ing the S tratagene 
" Cyc l i s t " ™k i t . Rea c t i on produc t s  were run on a 0 . 4nun x 6 0 cm 
6 %  a c ry l amide gel at a con s t ant power of SSW for two hours (to 
revea l sma l l  produc t s )  or f our to f ive hours ( to revea l l a rge 
produc t s ) .  For 3 New Z ea l and ( N I 4 0 9 , 6 8 6 , 6 8 7 ) and 3 N . S . W .  
( N I 6 6 1 - 3 ) s pec imen s , both strand s o f  the DNA were s cored by 
u s ing each o l i gonu c l eotide to prime the Cyc l i s t  rea ctions  in 
s eparate experiment s .  Short ( 2  hour ) and l ong ( 3 . S hour ) gel 
runs were made f or each spec imen . On ly one primer wa s u s ed in 
a s hort gel  run f o r  we s tern Ta smanian ( NIS4 3 , S4 6 ) ,  we s te rn 
Vi c t o r i an ( N IS2 9 ) ( both wi th primer Hl 4 7 8 ) and other New 
Zealand (NI685, 690-1, 1035, 1038) (primer Ll091) s pec imens . 



Ana lyses 

E l ec t rophore t i c  re s u l t s  were ana lys ed us ing the HENN I G  8 6  
package o f  Farri s and Swo f f ord ' s  B I OSYS - 1  package ( Swo f f ord 
and S e l ander , 1 9 8 1 ) . For c l adi s t i c  ana lys e s , the l o c u s  wa s 
treated a s  the chara cter and a l l o zymes ei ther s ingly or in 
c ombina t i on ( f or polymorphi sms ) were u s ed a s  ei ther ordered 
or , more genera l ly ,  unordered s tates . 

The r e s tri c t i on f ragmen t length polymorph i sm data provi ded 
by our experiment s  were ana lysed with the a s s i s tance of the 
"REAP" package ( Mc E lroy e t  a l . , 1992 ) and DNAS I S  V (Hita chi 
S o f tware Engineering Company , Yokohama ) .  Hap l o type data were 
u s ed to d i s c riminate between s tocks . No attempt wa s made to 
map the a ctua l po s i tion of re s tr i c t i on s i tes in R. s o l an dri 
mt DNA . 
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DNA s equen c e s  were read manua l ly and entered into the DNAS I S  
V program package f o r  ana lys i s . 

Two method s were u s ed to e s t imate the parameter Nm, where N 
i s  the ( e f f ec t ive ) s i z e  o f  each s ub-popu lation and m i s  the 
probabi l i ty that a gamete in the o f f s pring generat i on is an 
immi grant to the s ub-popu lation where it o c curs . The s e  are 
the F- s ta t i s t i c s  ( Wright , 1 9 5 1 , 1 9 7 8 ) and cond i t iona l a l l e l i c 
f requency ( S l atkin , 1 9 8 1 , 1 9 8 5 a , 1 9 8 5 b )  approa che s . 

The overa l l  inbreed ing coe f f i c i ent can be part i t i oned into 
c omponent s  re f l ecti ng non -random breeding (F15) and the e f f ec t s  
o f  between s ub-popu l a t i on d i f f erentiat ion (FsT)· I f  the 
mi grat ion rate is sma l l  and s e lection is neg l i gible , then : 

A number o f  a l ternat ive methods for the c a l cu l a t i on o f  
quanti t i e s  very s imi lar o r  ident i c a l  t o  FsT have been s uggested 
t o  a c c ommodate c omp l i cation s  of the origina l two - a l l e l e  per 
l o c u s  s i tuation ( Nei  and Che s s er , 1 9 8 3 ; Wei r  and Cockerham , 
1 9 8 4 ) . The vari ous methods have been revi ewed ( e . g .  
Chakraborty and Leimar , 1 9 8 7 ; We ir , 1 9 9 0 ) and d i f f erences 
between them shown , genera l ly ,  to be o f  seconda ry 
s i gni f i cance . We have emp l oyed the BIOSYS program package 
( Swo f f o rd and S e l ander , 1 9 8 1 ) for the c a l u l at i on of FsT va lues . 

Where e s t ima t e s  o f  gene f l ow given be l ow are ba s ed on FsTi thi s 
wi l l  be ind i c a ted by Nm-FsTI i f  it i s  not c l ear f rom the 
context . 

The s e c ond ma in method o f  e s t ima ting gene f l ow i s  the 
cond i t i ona l a l l e l i c  f requency approa ch of S latkin ( 1 9 8 1 , 
1 9 8 5 a ) . For thi s  e s t ima tion , "private a l l e l e s " are 
ident i f i ed . The s e  are a l l e l e s  found in only one popu l a t i on . 
S l atkin ( 1 9 8 5 a ) f ound that the average f requency o f  private 
a l l e l e s  (p(l)) is approximately l i nearly re lated to the 
mi grati on rate by the expres s ion : 
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l o g10 (p(l) ) ::::: a log 10 ( Nm ) + b 

where a and b take va lues dependent on the number o f  
individua l s  s amp l ed f rom e a c h  sub-popu l a t i on . Where e s t ima t e s  
o f  gene f l ow ba s ed o n  t h e  f requency o f  priva te a l l e l e s  are 
g iven be l ow they wi l l  be de s i gnated as  Nm-p(l), if thi s is  not 
c l ear f rom the context . 

When Nm wa s e s t ima ted f rom the cond i t i ona l f requen c i e s  of 
priva t e  a l l e l e s , the parameter va lues for a s ample s i z e of  5 0  
we re t a ken f rom Ba rton and S l a tkin ( 19 8 6 ) .  The s amp l e  s ize s 
in our s tudy do vary between l o c i  and between geograph i c  
area s . They are u s ua l ly o f  the order o f  80  or more f o r  the 
E a s tern Au s tra l i an area , 1 2 0  or more for the We s tern and 3 0  or 
more f o r  New Z e a l and . E s t imates o f  Nm are s en s i t ive to 
var i a t i on a round s u ch s amp le s i z es , but not greatly s o  ( Barton 
and S l atkin , 1 9 86 ; S l atkin and Barton , 1 9 89 ) . S l atkin ( 198 5 a ) 
s ugge s t s  that an approx imation to a c commodate s amp l e  s i z e 
var i a t i on : e s t ima ted Nm i s  divi ded by the rat i o  o f  the a c tua l 
s amp l e  s i z e to 5 0 . The e f f e c t  o f  thi s approach wou ld be 
redu c e  the e s t ima tes of gene f l ow - by as mu ch a s  5 0 %  for the 
Ea s tern and We s tern Au s tra l i an regions . 

RESULTS 

Di s tribu t i on 

A .  Gemf i s h 

During the cour s e  o f  thi s  s tudy , the range o f  the c ommon 
gemf i s h in We s tern Au s tra l i a  wa s extended north s ome 9 0 0  
ki l ometres f rom o f f  Perth ( 3 2°2 0 ' S )  to north o f  Shark Bay 
( 2 3°2 5 ' S ) , ba s ed on 2 5  spec imens taken on the FRV S outhern 
Surveyor c ru i s e  1 / 9 1  between Gera ldton and Exmouth , W . A .  and 
now in the Au s t ra l i an Mu s eum c o l l e c t i ons  ( Appendi x  3 ,  AMS 
I . 3 1 1 5 6 -I . 3 1 1 6 4 ) .  Thi s  new inf ormation wa s pa s s ed on to 
others and ha s been u t i l i s ed in the late s t  summary 
pub l i cations  ( Ka i l o l a  et a l . ,  1 9 9 3 ; Nakamura and Farin , 1 993 ) .  

There wa s a l s o  s ome que s t ion at the beginning o f  the s tudy 
whether i nd ividua l s  of the common gemf i s h were res ident 
yea r - round i n  the northernmo s t  portion of thei r  range ; a l l  o f  
the Queen s l and Mus eum specimens were taken i n  June and July 
and c o u l d  have mere ly been part of the annua l s pawning run . 
Howeve r  we received spec imens f rom o f f  Co f f s  Harbout to Byron 
Bay f rom May to October ( Appendix 2 ) , and pre s ume in the other 
s ix months f i s hers are targetting other s pec i e s . 

B .  Ocean Perch 

S imi l a r l y , the Au s tra l ian d i s tribution o f  the ocean perch 
ha s been extended on both the ea s t  and we s t  coa s t s  of 
Au s t ra l i a . P revi ou s ly re corded f rom Newca s t l e , N . S . W .  ( 3 3°5 ) 
t o  Albany , W . A .  ( 35°8 ) ( Hutchins  and Swain s ton, 1986:42) , ocean 
perch on the we s t  c oa s t  wa s taken on the FRV S outhern Surveyor 
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cru i s e  1 / 9 1  a s  f ar north a s  o f f  Shark Bay , W . A .  ( 2 6 ° 3 6 ' 8 )  in 
5 0 0  m ,  wi th 1 2  s pe c imen s in the Au stra l i an Mus eum co l l ections 
( Appendi x  4 ,  AMS I . 3 1 1 7 1 ) . Thi s  new i n f o rma t i on is  now 
ava i l a b l e  in the l a t e s t  pub l i cations ( Wi l l i ams , 1 9 9 2 ;  Park , 
19 9 3) .  More recent ly a s pec imen s ent by commerc i a l  f i sher 
Wayne P i per ha s extended the ea s tern d i s tribution north to of f 
Pot t s vi l l e near Byron Bay , N . S . W .  (29 °10'8) ( Append ix 4 ,  AMS 
I.34133) . 

O f  intere s t  were the observations o f  Rodney Tre l ogin , a 
lobster trap f i s herman f rom eas tern Ta smani a . He c l a imed he 
could te l l  whether h i s  traps were over s and or rock because 
the " da rk " ( =  s ha l l ow ) f o rms oc cur in rocky areas and the 
" l i ght " ( =deep ) f o rms oc cur over s and , regard l e s s o f  depth ( r .  
Tre login , pers . c omm . 2 / 9 3 ) . However ,  no s epc imens were made 
ava i l a b l e  and h i s  hypothe s i s  could not be tes ted . 

Morpho l ogy 

A .  Gemf i s h  

N o  s i gn i f i cant di f f erences were f ound i n  the meri s t i c s  or 
morphometri c s  of gemf i s h  spec imen s f rom the f our a rea s o f  
Au s tra l i a or f rom New Z e a l and ( Tab le 2 ) . Nor were di f f erences  
apparent in  other externa l f eature s such a s  denti t i on , f i n 
c o l ora t i on , extent o f  head s ca lation , or po s i tion o f  l a tera l 
l ines . A number o f  f eature s were f ound to undergo a l l ometri c 
growth , wi th head l ength , s nout length , eye diameter , and 
s nout to pec tora l origin a l l  being re lat ive ly longer in 
sma l ler spec imen s ( Fi g . 3 ) . However none o f  thes e ,  or any o f  
the other mea s urement s ,  di s t ingui s hed any o f  the f ive groups 
o f  gemf i s h  f rom any other . 

Bi och emi ca l Gen e t i cs 

A .  Gemf i s h  

Al l o z ymi c f requen c i e s  i n  R. solandri are pre s ented i n  two 
tab l e s . I n  Tab l e  3 ,  f requen c i e s  are given for a s p l i t  o f  the 
spec i e s  into 1 0  geograph i c  areas . In Table 4 ,  the s e  area s 
have been l umped into three " regions " ,  the s e  being ( A )  the 
ea s t  c o a s t  of Au s t ra l i a  plus the Ta smanian s amp l e s  ( both 
c oa s t s ) ,  ( B )  Vi c toria , South Aus tral ia and Wes tern Aus tral ia 
and ( C )  New Z e a l and . Regions ( A )  and ( B )  are di s tingu i shed by 
a very large f requency d i f f erence at the Aat- 2 locus . Thi s  i s  
not a ctua l ly a f ixed di f f erence between the region s , a s  
a l l o zyme C whi ch i s  f ixed in a l l  area s o f  region ( A ) , wi th the 
except i on of two f i s h in  we s tern Ta smani a ,  is pre s ent at a 
f requency o f  0 . 1 9 2  in region ( B ) . The mo s t  common Aa t-2 
a l l o zyme of region ( B )  is B .  Th i s  is f ound in region ( A ) on ly 
in the two except i ona l we s tern Ta sman ian f i s h , a s  a BC 
hetero z ygote i n  N I 5 4 2  and a s  a BB homo zygote in N I 5 4 6 . I t  is  
c l ear f rom thi s d i s tribution that regions ( A ) and ( B ) do not 
c on s t i tute a s ingle  interbreeding population . The only way i n  
wh ich t h e  absence o f  the B a l l ozyme f rom the east coa s t  o f  
Au s tra l i a  c an be exp l a ined i s  by highly reduced gene f l ow from 



regi on ( B )  t o  region ( A ) . I t  appears probab l e  that there i s  
s ome degree o f  intermixture o f  the popu l a t i on s  f rom the two 
regions  in the we s t  coa s t  o f  Ta smani a . The a l l o zymi c data do 
not nece s s a ri ly indi cate that there is interbreeding , as 
hetero z ygotes  such a s  NI5 4 2  are a l s o  f ound in a l l  area s o f  
reg i on ( B )  . 
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Other e l ectrophoret i ca l ly detectab l e  di f f erences be tween 
reg i on s  ( A )  and ( B )  i n c l ude the f inding , at a number of l o ci , 
o f  a l l o zyme s wh i ch are in low frequency in one regi on and 
abs ent f rom the other . There are three polymorphi c  l o c i  (Adh, 
Es t and Gpi - 1 )  wi th a l l o zyme s whi ch di f fer in f requency by 
between 1 0  and 1 5 % . S ummary mea s ures o f  the genet i c  d i s tanc e 
between the reg i on s  are given in Tab l e  5 ,  FsT s ta t i s t i c s  
deta i l ing the d i f f erent iation f o r  part i c u l a r  l o c i  in  Tab l e  6 
and e s t imat e s  o f  the amount o f  gene f low in Tabl e  7 .  The 
e s t ima t e s  of gene f l ow ( Nm )  are expre s s ed as the product of 
the e f f e c t i ve popu l a t i on s i z e  ( N ) and the mi gra t i on rate (m). 
The private a l l e l e s  e s t ima te o f  gene f l ow i s  h i ghly a f f ec ted 
by the inc l u s i on of N I 5 4 2  and N I 5 4 6 . Otherwi s e , the FsT and 
p(l) approaches give concordant e s t ima tes of Nm lying between 
one and two ind ividua l s  per generat i on , implying a very l ow 
rate o f  mi gra t i on between the regi ons . 

There i s  not a c l ear d i s tinction in the e l e c t rophore t i c  da ta 
between the popu l a t i ons f rom the ea s t  c oa s t  of Au s tra l i a  and 
tho s e  f rom New Z ea l and . There are f i f teen c a s e s  where an 
a l l o zyme is f ound i n  l ow f requency in one region but is absent 
f rom the other (e . g . EST A,  E and F ,  GP I - 1  A,  ME - 2  A and B ) . 
I n  a l l  but one o f  the s e  ( ADH D )  the a l l o zyme i s  pre s ent in  
e a s tern Au s tra l i an waters and abs ent f rom New Z e a l and . Thi s 
probably re f l e c t s  the l a rger s ample s i z e f rom Aus tra l i an 
reg i on ( A ) . On ly for Es t and Gpi - 1  are there a l l o zyme s whi ch 
d i f f er in f requency between the regions by more than 1 0 % , and 
in  a l l  c a s e s , the s e  di f f erences are les s than 15 % .  It i s  
notab l e , moreover , that there are n o  l o c i  f o r  whi ch an 
heterogen e i ty chi - s quared ana lys i s  s ugge s t s  that there are 
s i gn i f i c ant d i f f erenc e s  between the regions in a l l o zymi c 
f requency d i s tribu t i ons . The high l eve l s  o f  s imi larity are 
empha s i s ed by the very l ow genetic di s tances ( Table 5 ,  Fi gure 
4 )  and the e s t ima tes o f  gene f low ( Tab l e  7 )  between the 
regions . The s e  e s t imates are s ome s ix to s even t ime s hi gher 
than tho s e  f or migrati on between eas tern and we s tern 
Au s tra l i an regi on s . The FsT va lue ( 0 .  0 0 9  exc luding Es t )  i s  in 
the range typi c a l  o f  spec i e s  whi ch s how moderate amounts o f  
geneti c d i f f erent i a t i on (e . g . Seeb and Gunder s on , 1 9 8 7 ; 
Wehrhahn and P owe l l , 1 9 8 7 ) ,  a l though they are l a rger ( imp lying 
l owe r mi gra t i on ) than in the other ava i l able c ompari s on of New 
Z ea l and and Au s t ra l i an f i s h : in the blue grenadier (Ma croron us 
nova e zelandi a e ) , Fsr i s  0 . 0 0 6  ( Mi l ton and Shak lee , 1 9 8 7 ) 

There i s  l i t t l e  eviden ce f rom the elec trophore t i c  data tha t 
there are ma j or res tri c t i ons on gene f l ow wi thin the reg i o n s  
de s c ri bed above . Th i s  c a n  b e  s een by inspect i on o f  Tab le 3 
and from the inter-area genetic dis tance matrix of Table 8. 
O f  part i c u l a r  intere s t  here were que s t i on s  o f  s ubdivi s i on in 
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popu l ations a l ong the s outhern and we stern Aus t ra l i an c o a s ts 
and within New Z e a l and . I n  the former c a s e , only Adh d i s plays 
cons iderab l e  f requency di f f erences between area s . Th i s  i s  due 
to the absence o f  a l l o zyme s other than B in the Vi ctorian
e a s tern S outh Au s t ra l ian area and i s  probably a chance event , 
a l though i t  may re f l ect a loca l s e l e c t ive advantage f or the 
a l l o z yme . There are not enough spec imens ava i l ab l e  f rom New 
Z ea l and f o r  c ompa r i s ons  o f  reg i ona l f requency di s tribu t i ons to 
be any more than ind i cat ive . However , there are no examp l e s  
o f  a l l o z yme s whi ch di f fer b y  more than 1 0 % in the two a rea s . 

Ana lys e s  were c onduc ted to a s certa in whether there are 
notable f requency d i f f erences between year (1 9 9 1  vs 1 9 9 2  
c o l l e ctions ) or s i z e  ( <  4 0 0 mm , 4 0 0  - 6 0 0 mm, > 6 0 0 mm ) c l a s s e s  i n  
the ea stern Au s tra l i an region ( A ) . The f ew s i gni f i cant 
d i f f erences  were due to the absence o f  a l ow f requency variant 
f rom one of the c l a s s e s . There were no s i gni f i cant 
d i f f erences  when a l l e l i c  f requencies  were poo led s o  that a l l  
c e l l s  f or a given l o c u s  had expe cted va lues greater than f ive . 

Tab l e  9 pre s ents  data on the e l e c trophore t i c  phenotype s of 
the l ong - f i nned gemf i s h R. an tefurca ta and the sma l l  gemf i sh 
R. ben ga l en si s . Both o f  the s e  spe c i e s  are c l early 
e l e c t rophoreti c a l ly di stinct f rom R. solandri , the f o rmer 
exhibiting s i x  f i xed d i f f erences f rom R .  solandri and the 
l atter s even among the ei ghteen loci  whi ch were s cored . There 
are e i ght f ixed d i f f erences  between R .  an tefurca ta and R .  
ben ga l en si s . 

The mtDNA data a re s ummari s ed in Table 1 0 ,  whi ch s hows the 
numbers of each identi f i ed haplotype f ound in each of the 
three ma j or reg ions and Tab le 1 1  whi ch pre s ents deta i l s  o f  the 
s i z e s  of the s cored DNA f ra gments and thei r  pre s ence or 
a b s en c e  i n  haplotype s . A photograph o f  a Hin f  1 Southern b l ot 
i s  s hown in Fi gure 5 .  The s triking di f f erences  between the 
phenotyp e s  o f  regions ( A )  and ( B )  in thi s  f i gure i s  typ i c a l  o f  
the re s u lts f or a l l  endonuc lea s e s . There i s  a f ixed ( or 
nearly f i xed ) d i f f eren ce between the regions in  the i r  
hapl otype s f o r  every one o f  the e l even tested enzyme s . The 
only enzyme where a hapl otype i s  f ound in both regions i s  Ps t 
1 whe re N I 5 4 2  f rom the We st Coast o f  Ta smania has  the B 
hap l o type o f  the western reg i on . Estimate s o f  the degree o f  
mtDNA sequence divergence between the various observed 
individua l phenotype s were generated by the D . exe program in 
the REAP package and are given in Table 1 2 . The divergence 
between the e a s tern and we stern Au stra l i an regions is 0 . 4 4 ,  a 
h i gh va lue f o r  s uppo s ed ly conspec i f i c  individua l s . I n  
c ontra st to thi s , there i s  l ittle evidence o f  variation 
between New Z ea l and and the eastern coast Au stra l i an 
popu l ati on s . There are hap l otypes obs erved in l ow f requency 
in  e ithe r  region ( A )  or ( C )  wh i ch are absent f rom the other 
( e . g . Cfo 1 C ,  Ha e III C ,  Hin f  1 C and D and Mbo 1 C ) . The s e  
hapl otype s may , however , be pre sent in both reg ions , but may 
not have been dete cted in one owing to s amp l ing e f f ects . 
The s e  low frequency variant s  are independent of each other, 
implying the s cenario that a l l  are o f  recent origin f rom the 
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c ommon hapl otypes - and not the a lternative o f  mutati on 
a c c umu l ation within s ing l e  c l ones permitted by the ma ternal 
inheritance of mtDNA . Some note may be taken of the 3 Hin t  1 
D vari ants , whi ch were a l l  f ound among the 2 9  f i s h  s cored f o r  
thi s  endonu c l e a s e  f rom the e a s t  coast o f  the North I s l and o f  
New Z e a l and . The abs ence o f  th i s  phenotype f rom other area s 
i s  not stati sti c a l ly s i gni f i cant , yet i s  worth further 
inve sti gat i on in  re l ation to stock d i s criminati on within New 
Z ea l and . 

The mtDNA data do not enti rely c l arify the a f f initi e s  of the 
popu l a t i on on the we st c oa s t  o f  Ta smania . The h i gh f requenc y  
o f  t h e  AAT - 2  C a l l o zyrne s ugges ted that mo st o f  t h e  f i s h  f rom 
th i s  l o c a l ity derived f rom the eas tern Au stra l i an regi on , 
a lthough N I 5 4 2  and N I 5 4 6  have the B a l l o zyrne . Ac cording to 
its mtDNA phenotype , N I 5 4 2  i s , a s  sugge sted by the a l l o zyrne 
data , mo s t  l i kely derived f rom the we s tern Au s tra l i an 
popu l ati on s . 1 1 5  ba s e s  o f  the 1 2 S rDNA s equence o f  N I 5 4 6  we re 
s equenced and s hown to be identi c a l  with that of N I 5 2 9  f rom 
the We stern popu l ati on , in di f f ering f rom the Ea stern 
Au stra l i an f o rm at three s i tes . The mtDNA of the other f i sh 
f rom thi s region indi c ate s , however , that the i r  re l ati onships 
lie i n  the e a s tern region . Another c omp l i cation is the 
f i nding o f  the Cfo 1 C hap lotype in two we st Ta smanian f i sh 
and nowhere e l s e . The conc l u s i ons that can be drawn in this  
report a re l imited by the l ow s amp l e  s i z e s  f o r  the regi on . It 
is  c l ear , however , that the ma j ority o f  f i s h in thi s area are 
more c l o s e ly re l ated to the eastern Au stra l i an popu l ati ons 
than they a re to the we s tern . Whatever , hybrid i s ation o c curs 
between f i s h f rom the two regions ha s a very mi nor in f l uence 
on the d i stribution of geneti c vari ati on in the spe c i e s  as a 
who l e . 

Apa rt f rom the va ri abi l ity in the we stern Tasmanian area, 
there i s  very l ittl e  intra - regiona l variation in the mtDNA 
phenotype s . I n  parti cu l a r , there i s  no ind i c ation that there 
is any b i o l og i c a l ly s i gni f i cant s ub-divi s i on in regi on ( B ) , 
with the s ame hap l otype s  being f ixed in a l l  area s o f  the 
region f o r  a l l  en zyme s . 

To te st the apparently c l o s e  re lationship between ea stern 
Au stra l i an and New Z e a l and populations further ,  we undertook 
the DNA s equenc ing study o f  the individua l s  spec i f ied in the 
' Method s ' s ecti on . The l i sting o f  the mitochondri a l  1 2 S rDNA 
s equenc e  o f  N I 4 0 9  i s  s hown in Tab le 1 3 . The A at pos ition 35 
is rep l a c ed by G in  a l l  7 other New Zealand and 3 N . S . W .  f i s h . 
Otherwi s e , there i s  no detectable di f f erence in the s equences  
o f  i ndividua l s  f rom the two regions . Segments o f  the 
mito chondri a l  DNA , in parti cular the D l oop , do evo lve more 
rapi d ly than the 1 2 S gene . Sequencing of such s egments , us ing 
appropri ate PCR primer pa irs  ( which are not yet ava i lable ) 
mi ght conce ivably reve a l  a ma j or f requency di f f erence between 
the regions . But such a f inding cannot be pre s umed . Some 
data were a l s o  c o l l e c ted f o r  porti on of the 1 2 S segment in 
wes te rn region DNAs. The s e  are shown in Table 14 . There are 
three d i f f erences  ( in 1 1 5  ba ses ) between the s equence s ,  whi ch 
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wou l d  be about the l eve l expected f rom restri ction f ragment 
data given that the 1 2 S rDNA gene evo lves s omewhat s l ower than 
other mtDNA . 

Ti s s u e  De t eri ora t i on 

The re s u lts o f  the exami nati on o f  e l ectrophoret i c  and mtDNA 
phenotypes in  the ti s s ue degrada t i on experiment were s omewhat 
s urpri s ing and mo st rea s suring . Samples  f rom three f i s h from 
days 1 ,  3 ,  5 and 7 were s c ored for the f o l l owing en zyme s in 
mu s c l e : AAT , AK ,  GPD , GP I , I DH ,  LDH , ME , MP I ,  PGM and TP I ; and 
f o r  ALD , EST , FBP , GA- 3 -PDH , G- 6 -PDH , GP I , LDH , MDH and 6 -PGDH 
in l iver . The only change s in phenotype were a reduction i n  
a ctivity f or AK and ALD in f i s h 2 ,  day 7 and in 6 - PGDH in f i s h 
3 ,  day 7 .  I n  a l l  other c a s e s , there wa s no diminuti on in 
enzyme a ctivity and no generation o f  breakdown i s o zyme s . 
The s e  3 f i s h were a l s o  s c ored for DNA f rom l iver taken on days 
1 ,  2 ,  3 ,  4 ,  5 and 7 .  Two were s cored for mu s c l e  and gonad DNA 
f or the s ame days . Up to day three there wa s no appa rent 
degradation o f  high mo lecular we ight ( " HMW " ) DNA in l iver 
s amp l e s . Therea fter , the l ength s of DNA on ethidium bromide 
sta i ned ge l s  be c ame progre s s ive ly shorter , unti l it wa s mo stly 
l e s s  than 3 0 0  bp by day 7 .  However ,  probing with Lake Trout 
mtDNA revea l s  that there i s  a s i gni f i c ant amount o f  i nta ct 
gemf i s h  mtDNA in the s amp l e s  at day 7 .  A s imi l a r  pattern wa s 
s een f o r  Hin f  1 dige sted DNA . There wa s no reducti on at a l l  
in  the band intens ity o f  any f ragment o f  the mtDNA pattern 
unti l a fter day 4 .  Day 5 revealed l ower inten s iti e s , but even 
at day 7 a l l  f ragments of the phenotype were quite c l early 
s corab l e . Gonad and mu s c l e ti s s ues were even more re s i stant 
to degradation , with s i gni f i c ant amounts of HMW DNA rema ining 
at the end of the series , and inta ct mtDNA being then pre sent 
in amounts only a l ittl e  reduced f rom starting l eve l s . 

B .  Ocean perch 

The a l l o zymi c f requen c i e s  that were observed in our s amp l e s  
o f  Hel i co l en us percoi des are pre s ented in Tab l e  1 5 . A diagram 
of the phene t i c  re l ationships of the s amp l e s  i s  given in 
Fi gure 8 whi ch shows a c lear s eparation o f  the s ha l l ow and 
deep f orms . The f o rms are c learly reproduc t ive ly i s o l ated to 
a s i gni f i cant extent , Es t- 2 f or ins tance s howing a f ixed 
d i f f erenc e  between the f o rms over the who l e  l ength of the 
e a s tern s eaboard , wi th the exception of the mo st s outherly 
l o c a l ity ( Sorre l , Ta smania ) . 6- Pgdh ha s very large f requency 
di f f eren c e s  over a l l  of thi s coa stl ine . Notably , however ,  the 
mo st c ommon a l l o zyme s in the forms at Sorre l are the reverse 
of the mo st c ommon a l l o zyme s in the forms at other l o c a l itie s , 
implying that whi l st there i s  a genera l split into two ma in 
l i neages , there i s  s ubstanti a l  loca l geneti c di f f erenti ation . 
Other l o c i  whi ch c ontribute to the geneti c di stance e stimate s 
between sympatri c  popu lation s are Fh and Sdh- 1 at Eden and 
Aa t- 1 and Pgm at Sorre l . 

The numbers o f  s pe cimens examined i s  too sma l l  at  thi s s t a ge 
to make a deta i l ed ana lys i s  o f  stock structure within each o f  
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the f o rms . At the very least , however , the data s ugge st that 
both Sorre l s amp l e s  are d i stinct to other popu lati ons of the ir 
re s pective f o rms , a s  both l i e  we l l  away f rom other ea st coa st 
l o c a l itie s  in  Fi gure 8 .  There i s  s ome ind i c ation that We stern 
Au stra l i an and New Z e a l and deep forms might a l s o  constitute 
s eparate stocks . 

NOMENCLATURE 

A .  Gemf i s h  

Rexea s o l a n dri wa s de s c ribed by Cuvier ( 1 8 3 2 ) o n  the bas i s  
o f  S o l ander ' s  manu s c ript de s c ription o f  New Z e a l and s pec imens . 
No type s pec imens exi st . Rexea furci fera Wa ite , 1 9 1 1  i s  a 
j unior synonym ( Nakamura and Farin , 1 9 9 3 ) , with New Z e a l a nd 
a l s o  a s  type l o c a l ity ; the type spec imen o f  thi s  nominal  
spec i e s  has  not been s earched for . As  all  o f  the c ommon 
gemf i s h  popu l ations are cons idered to be l ong to the s ame 
b i o l og i c a l  s pec i e s , there are no nomenc l atura l probl ems . I f  
further studi e s  o f  the we stern Ta smanian popu l ation indicate 
that the two Au stra l i an stocks repre s ent di stinct s pe c i e s , a 
new name wou l d  be requi red . 

B .  Ocean Perch 

Hel i col en us percoi des wa s described by Ri chard s on ( 1 8 4 2 ) 
f rom New Z e a l and . Although a lmo st a l l  o f  the type s pe c imen s 
o f  s pe c i e s  des cribed by Ri chard s on were pla ced in the Bri t i s h  
Mu s e um ( Natura l Hi story ) , a s earch by the f i rst author i n  1 9 9 1  
f a i l ed to f ind any types o f  th i s  s pe c i e s . 

Pau l in ( 1 9 8 9 ) cons idered Hel i co l en us bara thri ( He ctor , 1 8 7 5 ) 
a va l id s pe c i e s , primari ly on the ba s i s  o f  a larger eye 
d i ameter . Thi s  s pec i e s  a l s o  ha s a type l o c a l ity o f  New 
Z ea l and , o f f  Cape Farewe l l . Pau l i n  ( 1 9 8 9 ) l i sted the record s  
and de s cripti ons o f  H .  percoi des by both Last e t  a l . ( 1 9 8 3 ) 
( a s H .  papi l l os us ) and May and Maxwe l l  ( 1 9 8 6 ) , f rom Ta smania 
and the s outhe rn coa s t  of Austra l i a  res pective ly , as H.  
bara thri . The l a tter dec i s ion is  pre s umably ba s ed on the eye 
d i ameter and c o l our o f  the f i gured s pec imen . The Ta smani an 
record ( La st e t  a l . ,  1 9 8 3 : p . 3 1 7 ) inc ludes a f i gure origina l ly 
pub l i shed in S cott e t  a l . ( 1 9 7 3 ) and pre s umab ly f rom South 
Au stra l i a . Whi l e the eye di ameter o f  thi s  f i gured s pe c imens 
exceeds 1 / 3  o f  the head length , the diagno sti c f or H. 
bara thri , the range o f  eye diameters given in the de s c ription 
i s  1 / 3  to 1 / 4 , as are tho s e  in May and Maxwe l l  ( 1 9 8 6 ) ,  and 
c l early i n c l ude s more than one species , pre s umably a l s o  the 
nomina l Au stra l i an Hel i co l en us percoi des . Pau l in ( 1 9 8 9 ) did 
not examine any Au stra l i an spec imens . The pre s ent study does 
not have enough spec imens f rom Ta smania , nor any f rom we stern 
Vi ctoria or South Austra l i a , to attempt to s o lve the prob l em 
in s outhe rn Au stra l i a . 

Seba s tes a lporti wa s de s cribed by Ca stelnau ( 1 8 7 3 ) from 
Vi ctorian and Ta smanian waters . Whi l e  the vast ma j ority o f  
Ca ste l nau ' s  types were depo s ited i n  the Mu seum nati ona l 
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d ' Hi sto i re nature l l e  i n  Pari s , the s e  types were not f ound , 
des pite a s earch by the f i rst author in 1 9 9 1 . The pre s ent 
study did not s o lve the prob l em o f  determining how many 
s pe c i e s  o f  Au stra l i an o cean perch exi st , or the re l ati onships 
to the New Z e a l and s pec i e s . I f  a f uture study determines the 
Austra l i an o c ean perch is one , or more , s pec ies  di stinct from 
the New Z ea l and spec i e s , Ca ste lnau ' s  name wi l l  have va l id ity . 
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D I SCUSS I ON 

A .  Gemf i s h 

Our re s u l t s  o f  the s tudy o f  gemf i s h genet i c s  c l early show 
that there are two popu l a t i ons o f  common gemf i s h  in Au s t ra l i a  
wi th very l imi ted gene f l ow between the popu l a t i on s . The 
highly s i gni f i cant di f f erence in the a l l o zyme s  of Aa t- 2 ,  the 
f i xed or nearly f ixed di f f eren ces in the mtDNA haplo type s o f  
a l l  1 1  t e s ted enzyme s , and d i f f erences in the DNA s equences  o f  
the two popu l a t i on s  are a l l  indicative o f  s i gni f i cantly 
reduced gene f l ow .  E s t imates o f  gene f l ow ( Table 7 )  between 
the e a s tern and s outhern /western population s  in Au s t ra l i a  
i nd i cate a migra t i on o f  only 1 - 2  individua l s  per year . For 
f i s he ri e s  management purpo s e s , the s e  eas tern and 
s outhern /we s tern popu l at i on s  can be con s i dered c ompletely 
s eparate breeding s tocks . Vi rtua l ly none o f  the spec imens of  
gemf i s h  caught we s t  o f  Ba s s  Strait wi l l  contribute to the 
s pawn i ng run o f f  N . S . W .  

Our evidence for two Au s tra l ian gemf i s h  s tocks i s  s upported 
by the i n f o rmat i on now known about the breeding of Au s tra l ian 
gemf i s h . The ea s t  c oa s t  s pawning run is we l l  documented 
( Graham et a l . ,  1 9 8 2 ; Rowl ing , 1 9 9 0 a , b ;  Ka i l o l a  et a l . ,  1 9 9 3 ) , 

wi th the va s t  ma j ority o f  the ea s t  coa s t  gemf i s h  catch c oming 
f rom the c apture of migrating individua l s  between the months 
of May and Augus t  each year . The commerc i a l  f i s hers are we l l  
aware o f  the annua l s pawning migration ; for ins tance Fri t z  
Drenkhahn o f  Eden reported that " S couts are o f f  Eden thi s week 
( 1 5 - 1 8 / 6 / 9 2 ) and the ma in run should be next week f or two 

week s " ( pers . c omm . , 6 / 9 2 ) . I t  i s  c lear that pre s pawn i ng 
individua l s  are the ma in target . 

There i s  s t i l l  s ome que s t i on about how far north o f f  the 
N . S . W .  c o a s t  the a c tua l s pawning take s place . Previous 
ind i c a t i on s  were that the s pawning may take place a s  f a r  north 
as o f f  C o f f s  Harbour , f rom where gemf i s h  l a rvae have been 
ident i f ied ( Gorman et a l . ,  1 9 8 7 ) . However in 1 9 9 2  the gemf i s h  
run apparently d i d  not trave l a s  f a r  north a s  u s ua l , wi th 
Laurieton dropl ine f i s hers catching f ew .  On 1 7 - 1 8  Augus t  
1 9 9 2 ,  many s pent gemf i s h were caught o f f  Barren j oey , Sydney 
that were s ent to the markets ( Rowl ing , pers . c omm . , 8 / 9 2 ) . 
Whi l e  the t iming o f  the annua l s pawning run i s  we l l  known , the 
pre c i s e  s pawning l o c a l i ty and deta i l s  of annua l variations in 
s pawning l o c a l i ty rema in unknown . 

Alan Wi l l i ams o f  CS I RO Perth ( now CS I RO Hobart ) recent ly 
di s covered ripe gemf i s h o f f  Perth that , when c ombined wi th the 
pre s en c e  of s pent f i s h , i s  s trongly sugge s t ive of breeding of f 
W . A .  ( Wi l l i ams , in  l i tt . , 1 / 9 2 ) . The pre s ence o f  both runn ing 
r i pe and s pent f i sh in November indicates at l ea s t  the we s tern 
port i on of the s outhern /we s tern gemf ish s tock is breeding s ome 
f ive - s ix months out of pha s e  wi th the eas tern s tock . Thi s  
obs e rvat i on corre lates  we l l  wi th that o f  Smi th ( 1 9 9 3 ) that the 



l ength - f requency d i s t ribut ions o f  j uven i l e  gemf i s h f rom 
we s tern Vic toria a re s ix months out o f  pha s e  wi th tho s e  f rom 
the ea s t  c oa s t  ( s ee Introduction above ) . The l a c k  o f  
reproduc t ive ly a c t ive gemf i s h  f rom South Au s t ra l i a a n d  the 
Great Au s tra l ian B i ght may be the res u l t  of s amp l ing e rror 
wi th too f ew s amp l e s  ava i lable , or i t  may ind i c ate that the 
ent i re s outhern /we s tern s tock i s  a l s o  the re s u l t  o f  a 
re l a t ively l o c a l i s ed s pawning activi ty o f f  W . A . , wi th l arva l 
d i s pers a l  f a c i l i ta ted by the Leeuwin Current . We have f ound 
no gene t i c  evidence to break thi s s outhern /we s tern s to c k  into 
s ubpopu l a t i on s . 

2 4  

As d i s cu s s ed above , there i s  very l ow gene f l ow between the 
two d i s t in c t  Au s tra l ian s tocks . In  contra s t , there i s  
apparen t l y  a s i gni f i cant amount o f  gene f l ow between the 
e a s tern Au s t ra l ian gemf i s h  popu l a t i on and that of New Z e a l and . 
I n  theory , gene f l ow a s  sma l l  a s  1 %  wi l l  prevent l o c a l  
popu l a t i on gene t i c  di f f erentiation ( S l atkin , 1 9 8 5 ) . Thi s  
pre s umab l y  exp l a i n s  why Smi th e t  a l . ( 1 9 9 0 ) f ound s o  f ew 
c ommerc i a l  f i sh s tocks def inabl e  by e l e c t rophoreti c 
d i f f eren c e s . Our e s t imates o f  gene f l ow are , however , we l l  
be l ow thi s  l eve l . From our e l e ctrophoreti c re s u l t s , we 
e s t ima te that the a c tua l numbers o f  individua l s  mi grating 
between the reg ions in any one year and subs equently 
contribut ing to the next genera t i on i s  l e s s than 3 0 . Th i s  
e s t ima te may b e  e f f ec ted by s e l ective di f f erences  among 
a l l o zyrnes in the two reg ions . But , wi thout invok ing ma j or 
s e l ec t ive d i f f erentia l s , the e s t ima te wou ld not be in c rea sed 
to such an extent that we should regard the eas tern Au s t ra l i an 
and New Z e a l and popu l a t i on s  a s  a s ing le s tock . The evidence 
f rom mtDNA hap l otype s and 1 2 S rDNA s equence data a l s o  
ind i c a t e s  continued gene f l ow between eas tern Aus tra l i a and 
New Z e a l and . Aga i n , however , the f inding o f  variants at l ow 
f requency i n  one region and not in the other i s  s ugge s tive 
that l o c a l  di f f erentiation can o c cur to s ome extent . I n  
parti c u l ar , the pre s ence ., a lbeit i n  l ow f requency , o f  the Hin f  
1 D phenotype may characteri s e  a northern New Z e a l and s tock . 

We have not f ound a f ixed geneti c di f f erence between the 
e a s tern Au s tra l i an and New Z e a l and reg ions . It is true , 
however ,  that negat ive data are never conc lus ive , a s  ha s been 
shown re cently by the s u c c e s s f u l  de f init ion of Canadian s a lmon 
s t o c k s  ( Utter e t  a l . ,  1 9 9 2 ) . I t  i s  po s s ible that s equen c i ng 
reg ions  o f  DNA whi ch evo lve more rapidly than the 1 2 S rDNA 
might s how di f f erences  between New Zea l and and eas tern 
Au s tra l i a n  f i s h . Thi s  cou l d  be achieved by de s i gning primers 
s pec i f i ca l ly f o r  the the D l oop region of gemf i s h  mtDNA or by 
emp l oying the emerging techno l ogy of mi c ro s a te l l ite DNA 
ana l ys i s . However the c a s e  that there i s  at l e a s t  s ome gene 
f l ow between the e a s tern Aus tra l ian and New Z ea l and 
popu l a t ions wi l l  probably rema in the mo s t  l ikely s cenario even 
a f te r  s u c h  f urther s tudy . I t  i s  now certa in that tran s -Ta sman 
mi gra t i on o c curs f or adu l t  f i shes , at l ea s t  f o r  s choo l sharks 
( C outin e t  a l . ,  1 9 9 2 ) 

Further evidence that we are not dea l ing wi th one 
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homogeneous popu l a t i on originating f rom the N . S . W .  breeding 
mi gra t i on i s  provided by the recent d i s covery of at l ea s t  one 
breeding area of gemf i s h  in New Z ea l and waters , o f f  Auc k l and 
on the northe a s t  of North I s l and . Thi s is ba s ed on only three 
running r i pe i ndividua l s , but many f i s h wi th h i ghly 
va s cu l ari s ed gonad s were a l s o  observed ( McKen z i e , pers . comm . , 
7 / 9 2 ) . With gemf i s h  f rom the We l l i ngton area ( more than 5 0 0  
kms s outh o f  Auc k l and ) d i s appea ring during the breeding sea s on 
( Hur s t , pers . c omm . , 6 / 9 2 ) ,  i t  i s  po s s ible to i n f e r  a breed i n g  
mi gra t i on a l ong t h e  ea s t  coa s t  of  the North I s l and o f  New 
Z ea l and s imi l a r  to that a l ong the e a s t  coa s t  o f  Au s t ra l i a . 
Very l imi ted data i nd i cate the po s s ibi l i ty o f  another s pawn ing 
area on the we s t  c oa s t  o f  the South I s l and o f  New Z ea l and , but  
movement /migra t i on s  have not been e s tabl i shed ( Hurst , i n  
l i t t . , 1 1 / 9 2 ;  Anna l a , 1 9 9 2 ) . 

A l ikely s cenario f o r  tran s -Ta sman gene f l ow i s  f o r  l a rva l 
gemf i s h f rom N . S . W .  to be carried a c ro s s  the Ta sman Sea by 
eddi e s  o f  the Ea s t  Aus tra l ian Current . Such edd i e s  are 
regu l a r l y  pinched o f f  the Ea s t  Au stra l i an Current , whi ch move s 
s outh f rom the Cora l Sea a l ong the c oa s t  towards Ta smani a  
( Ni l l s on a n d  C re s swe l l , 1 9 8 0 ; Cres swe l l  and Legecki s ,  1 9 8 6 ) . 
Sate l l i t e - t ra cked dri f ters re leased on the ea s t  c oa s t  o f  
Au s tra l i a  have rea ched New Zea land ( Cre s swe l l , pers . c omm . , 
6 / 9 3 ) . Fran c i s  ( 1 9 9 3 ) di s cu s s e s  tran s -Ta sman transport o f  
l a rva l f i s h e s  in  terms o f  larva l l ongevi ty and current 
pattern s . Al l of the tran s - Ta sman larva l d i s pers a l  previous l y 
s tud ied , o f  both f i shes  ( Franc i s , 1 9 9 3 ) and echinoderms 
( Hagge tt and Rowe , 1 9 8 8 ) , have been f rom we s t  to ea s t . 
However wi th a c omp l ete l a ck o f  knowl edge o f  the l ength o f  the 
l a rva l s tage of gemf i s h , s uch con s i derat i on is l arge ly 
a cademi c , except to note that larva l migra t i on wi l l  more 
l ikely be f rom Aus tra l i a  to New Zea l and than vi c e -ver s a .  

B .  Ocean perch 

Our re s earch on the biochemi cal  geneti c s  o f  ocean perch ha s 
not c omp l etely re s o lved the s tocks o f  Aus t ra l i an and New 
Z ea l and ocean perch o f  the genu s Hel i co l en us . Subs tant i a l  
progre s s ha s , however , been made in what h a s  been revea l ed t o  
b e  a c omp l ex taxonomi c area . Our e l ectrophoret i c  analys i s  o f  
the a l l o zyme s o f  7 2  s pec imens of  ocean perch s upport s the 
s epa ra t i on of deep vs s ha l l ow forms over a wide geograph i c  
range a l ong t h e  ea s t  c oa s t  o f  Au s tra l i a . The ana lys i s  does 
not , howeve r , f u l ly res o lve que s t ions of popu l a t i on s truc ture 
wi thin o c ean perch . For ins tance , the Sorre l deep s amp l e  i s  
genet i ca l ly more di s tant t o  other ea s t  coa s t  Au s tra l i an deep 
popu l a t ions  than the s e  are to We s tern Aus t ra l i an s amp l e s . The 
three a l l o zyme d i f f erences  origina l ly f ound between the 
s ha l l ow and deep f orms o f f  centra l N . S . W .  ( s ee Introdu c t i on 
above ) were not f ound c on s i s tent ly in sha l l ow and deep f o rms 
f rom other area s . Although not origina l ly propo s ed we were 
able to per f orm mtDNA ana lys es  for two re s tri c t i on 
endonu c l ea s e s  on 1 1  s pec imen s ( 5 sha l l ow and 6 deep ) . For 
Hin f  1 ,  there wa s a great dea l of  vari ation , wi th every 
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individua l having a t  l e a s t  one unique f ra gment i n  i t s  
phenotype . There wa s l e s s  variation f o r  Dde 1 .  The 2 s ha l l ow 
f o rm individua l s  f rom Eden had a f ragment that wa s abs ent f rom 
a l l  other s c ored individua l s , inc l uding two deep f o rm f i s h 
f rom the s ame l o c a l i ty . However ,  two Ta smanian s ha l l ow form 
f i s h had the deep phenotype . The re s u l t s  o f  our s tudi e s  
s ugge s t  that f o r  o cean perch , gene f l ow c a n  b e  quite 
re s t r i c ted even over re l a t ive ly sma l l  geograph i c  d i f f erence s . 
Th i s  c on c ord s  wi th the s tud ies  of Go l ovan e t  a l . ( 19 9 1) who 
f ound s ta t i s t i ca l ly s i gni f i cant di f f eren ces  i n  meri s t i c  and 
morphometri c f eatures o f  three popu l a t i on s  o f  He l i co l en us 
l en geri ch i f ound on three d i f f erent s e amounts a l ong the Na z c a  
Ridge . More deta i l ed c ompari s ons o f  many more Au s tra l i an and 
New Z ea l and s pe c imens than were po s s ible in thi s  s tudy wi ll  
probably reve a l  a c omp l ex o f  popu l a t i on s / s pe c i e s . Re s tri c t ed 
gene f l ow may be reinf orced by the interna l f erti l i z a t i on 
known t o  o c cur in at  l e a s t  the Au s tra l i an specimen s o f  H. 
percoi des ( eyed l a rvae have been f ound in ma ture f ema l e s  of f 
Sydney ) ,  a l though the l ength of  l a rva l l i f e  i s  unknown . 
E l e c trophore s i s  a l one i s  un l ikely to re s o lve such a 
potent i a l ly c omp l ex mixture of  popu l a t i on s  and / o r  s pe c i e s . 
Both mtDNA re s tr i c t i on enzyme analys i s  and DNA s equenc ing 
wou l d  probably be requi red to reso lve thi s  s i tuat i on . Such 
s tud i e s  wou l d  requi re add i t i ona l FRDC f unding f o r  c omp l etion 
o f  the re s earch . 



RECOMMENDAT I ONS 

A .  Gemf i s h 

Our recommendations for gemf i s h  are in the area s o f  both 
re s earch and management . 

( 1 )  Our re s u l t s  c l early recogni z e  two s eparate Au s tra l ian 
s tocks  o f  gemf i s h , wi th a boundary at the we s tern end o f  Ba s s  
S tra i t , and po s s ibly a l ow leve l of  mixing in we s tern 
Ta smani a . The s e  re s u l t s  s upport the continued management o f  
Au s tra l i a n  gemf i s h a s  two s eparate eastern ( Byron Bay , N . S . W .  
to s outhern Ta smani a ) and s outhern /we s t ern ( We s ternport , 
Vi ctoria to  Shark Bay , We s tern Au stra l i a ) s tocks . 
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( 2 )  Wh i l e  our re s u l t s  indi cate mi xing o f  eas tern Au s t ra l i an 
and New Z e a l and popu l a t i ons , the leve l i s  not s u f f i c i ently 
great to indi cate that they compri se a s ingle s tock . Our 
recommenda t i on i s  to continue to manage them as s eparate 
s tocks . None of our re s u l t s  s ugge s t  a s cenario that invo lve s 
a s i gni f i cant number o f  Au s t ra l i an f i s h mi gra t ing to New 
Z e a l and and then returning to Au s tra l i an waters to s pawn . 

( 3 )  I n  the a b s ence o f  c l ear- cut evidence for a S outh I s land 
s pawn i ng event , and wi th the coinc idence of concurrent 
d e c rea s e s  in  the gemf i s h catches of eas tern Au s tra l i a  and New 
Z e a l and , future management of gemf i s h should i n c l ude greater 
c on s u l t a t i on between Au s tra l i an and New Z e a l and F i sheri e s . 
Cert a i n l y  New Z e a l and F i s heries should be s upported in their 
tag and re l ea s e  s tudy of gemf i sh i f  thi s  can be s hown to be 
f e a s i b l e , and c ommer c i a l  f i s hers in ea s tern Au s tra l i a  a l erted 
as t o  the po s s ib l e  exi s tence of tagged gemf i s h . Al s o  New 
Z ea l and F i s he r i e s  s hould be encouraged to make a concerted 
e f f ort t o  f ind the pre s umed s pawning l o c a l i ty o f f  the S outh 
I s l and and to determine i t s  extent . Such a di s c overy would be 
add i t i on a l  evidence that the two stocks are d i s t inct and 
should be managed s epa rately . 

( 4 )  The primary area o f  gemf i sh re s earch should be to 
cont i nue gene t i c  i nve s t i gation o f  leve l o f  d i s c retene s s  o f  the 
ea s t  Aus tra l i an and New Z e a l and gemf i s h stocks . One approach 
wou l d  be t o  obta in DNA s equence inf ormation f rom very rapidly 
evo lving gene s , perhaps us ing DNA mi c ro s ate l l i te techno l ogy . 
Al s o , the f requency d i f f erences observed in thi s  s tudy mi ght 
be i nve s t i gated in deta i l  by a f o l l ow-up s urvey . Another 
po s s ib l e  avenue , c on s idering other s u c ce s s e s  in identi fying 
s to c k s  wi th para s i te s , would be to invi te a pari s i t o l ogi s t  
l ike Prof . K l a u s  Rohde o f  the New England Univers i ty to 
undertake a pi l o t  s tudy to determine if there are any 
d i f f eren c e s  in the para s ites  of gemf i s h f rom eas tern Au s tra l i a  
and New Z ea l and tha t c ould b e  used a s  s tock markers . The 
s pe c imens currently pre s e rved in the Au s tra l i an Mus eum may be 
adequa t e  f o r  s u c h  a pi lot s tudy . 

( 5 )  We s ugges t  f urther re s earchn into the ea s t  Aus tra l i an 
s pawning event , wi th the a im o f  unders tanding natura l 
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va r i a t i on i n  yea r  c l a s s  s u c c e s s . Currently there i s  l i tt l e  
i n f o rma t i on ava i lable o n  the envi ronment a l  parameters ( wat er  
temperature , s a l in i ty , pl ankton produc tivity ) a s s o c i a ted wi th 
norma l annua l vari a t i on in the numbers o f  l a rvae produ ced 
during thi s s pawning . Wi thout th i s  i n f o rma t i on there cannot 
be a d i s t i n c t i on between a sma l l  year c l a s s  due to natura l 
envi ronment a l  vari a t i on or to increa s ed f i s hing morta l i ty . 
Determina t i on o f  the l o c a l i ty of  spawning , and whether th i s  
i ndeed vari e s  annua l ly ,  might a l s o  be addre s s ed i n  a re s earch 
c ru i s e  in late July- early Augu s t . Co l l ect i on of pl anktoni c 
l a rvae may give not only an ind ic ation o f  s pawning extent and 
s u c c e s s ,  but eventua l ly inf ormation about l a rva l l i f e  s pan 
that wi l l  be of va lue in e s t ima t i ng how ea s i ly l a rvae may 
rea ch New Z e a l and . 

( 6 )  An e f f ort could be made to determine i f  gemf i s h  a re 
spawning anywhere on the s outh coa s t  o f  Au s t ra l i a , or whether 
the s outhern /we s tern s tock is the re s u l t  of one s pawning 
event . Thi s  re s earch wi l l  become more re levant if  and when 
th i s  s tock deve l ops a c ommerc i a l  f i s hery . 

B .  Ocean pe rch 

Con s i derably more res earch on the biochemi c a l  genet i c s  of 
ocean perch wi l l  be requi red to d i s t ingui sh s eparate 
s to ck s / s pec i e s  of thi s complex , a s  di s cu s s ed above . Thi s  
res earch shou l d  f o c u s  on mtDNA or te chniques such a s  " mi c ro
s a te l l i  te " ana l ys i s , wh i ch may be even more s en s i t ive in the 
analys i s  o f  popu l a t i on di f f erent iation ( Taut z , 1 9 8 9 ) . The 
bu l k  o f  the f i s he ry i s  c urrently in N . S . W . , wi th more than 9 0 %  
o f  the marketed catch cons i s t ing o f  the deepwater f o rm 
( Rowl i ng , pers . c omm . , 6 / 9 0 ) . I t  mus t  be empha s i s ed that 
there a re a t  l ea s t  two s pe c i e s  ( the s ha l l ow and deep f o rms ) in 
the f i s he ry and its management should recogni s e  thi s . 
Howeve r , unt i l  d i s t i n c t ion o f  the various s tocks wi thin the 
two ma i n  s pe c i e s  ( or s pe c i e s  groups ) is po s s ible , l i t t l e  
advi c e  on s tra tegies  f o r  the management o f  individua l s tocks  
can  be g iven . 
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TECHN I CAL SUMMARY 

Thi s  pro j e c t  u s ed bio chemi c a l  technique s to i nve s t i gate the 
number of s eparate breeding s tocks of the common gemf i s h  Rexea 
s o l a n dri and whether more than one s pe c i e s  i s  inc l uded in the 
ocean perch Hel i co l en us percoi des f i s hery . A tota l o f  2 8 8  
spec imens o f  c ommon gemf i s h were ana lysed for protein 
e l e c trophore s i s  ( 2 7 7 ) ,  restri c t i on f ragment l ength 
polymorph i sm i n  mi to chondr i a l  DNA ( 1 3 6 ) ,  s equenc ing of the 1 2 8 
mi tochondri a l  rDNA ( 1 4 ) , and / or morphometr i c s  ( 6 2 ) . For ocean 
perch , e l e c t rophore s i s  wa s condu cted on 7 2  s pe c imens ( 3 1 
sha l l ow , 4 1  deep ) and pre l iminary mtDNA re s tri c t i on en zyme 
analys i s  on 1 1  spec imen s . 

E l e c trophore s i s  wa s per formed on " Ti tan 1 1 1 " ( He l ena , 
Au s t i n ) c e l l u l o s e  a cetate ge l s  a c cording to s tandard 
procedure s . DNA wa s extra c ted f rom l iver and ( more rare ly )  
gonad . A tota l o f  1 1  re s tr i c t i on endonuc lea s e s  were routine ly 
app l i ed thi s DNA . S amp l e s  were run on agaro s e  ge l s  ( 0 . 8 % for  
6 -ba s e  cutters , 1 . 5 % f o r  4 -ba se cutters ) and Southern B l otted . 
B l o t s  were probed wi th a 9 . 6 7 kb Barn H l / S a l  1 f ragment o f  lake 
trout ( Sa l vel in u s  n amaycush ) mi tochondri a l  DNA c l oned into the 
Stratagene PBS B l u e s cript p l a smid ( Grewe e t  a l . ,  1 9 9 3 ) . 
The po lymera s e  cha i n  rea c t i on ( " PCR " ) wa s u s ed to amp l i fy DNA 
f rom the mi to chondr i a l  1 2 S  rDNA gene , us ing the Kocher e t  a l . 
( 1 9 8 9 ) " un iver s a l  primer " ,  a c c ording to s tandard procedures 
( S ambrook et a l . ,  1 9 8 9 ) except that PCR Gems™ were u s ed to 
a l l ow the " ho t - s tart " modi f i c a t i on . Sequenc ing wa s perf o rmed 
via  l inear amp l i f i c a t i on u s ing the Stratagene " Cyc l i s t " ™ k i t . 

E l e c trophoret i c  re s u l t s  were predominant ly ana lys ed u s ing 
Swo f f ord ' s  B I OS YS - 1  package and res tri ction f ra gment l ength 
po lymorph i sm data wi th the " REAP " package ( Mc E l roy et a l . ,  
1 9 9 2 ) and DNAS I S  V .  Mi grat ion rate wa s e s t imated u s ing 
Wri ght ' s  F - s ta t i s t i c s  and S l atkin ' s  private a l l e l e s  
appro a c he s . 

An i ni t i a l  group o f  3 5  gemf i s h  s pec imens f rom N . S . W .  ( 1 2 ) , 
S . A .  ( 6 ) , W . A .  ( 8 )  and New Zea land ( 9 )  wa s exami ned f o r  
obvious  morph o l og i c a l  d i f f erences but meri s t i c  count s did not 
d i f f erent i a te any of the area s . Nor were di f f eren c e s  apparent 
i n  o ther extern a l  f ea ture s such as dent ition , f i n  c o l ouration , 
extent o f  head s ca l a t i on , or pos ition o f  l atera l l ines . The 
pos s ib i l i ty o f  a l l ometri c growth wa s s ugges ted f o r  a number o f  
f eatures i n c luding head l ength , snout length , eye d i ameter , 
and s nout to pec tora l origin . An additional  2 7  s pec imens were 
mea s ured for the s e  f our mea surements , plus s t andard l ength and 
f i r s t  and s e c ond dors a l  s pine lengths . In the f ina l data set , 
a l l  f our mea s urement s are re lative ly l onger in sma l l e r  
spec imen s . However , none o f  the s e  d i s t ingu i s hed any o f  the 
groups of gemf i s h . 

The b i ochemi c a l  data c l early di s t ingu i s h  two Aus tra l ian 
s to c k s  of gemf i s h , the s e  being ( A )  the ea s t  coa s t  o f  Au s tra l i a  
p l u s  t h e  Ta smanian s amp l e s  ( both coa s t s ) ;  and ( B )  Vi c tori a , 
South Au s tra l i a  and We s tern Au stra l i a . The regions a re 
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d i s t ingui s hed by a very l a rge f requency di f f erence a t  the Aa t-
2 l o c u s . Thi s  i s  not a c tua l ly a f ixed di f f erence between the 
reg ions , as a l l o zyme C wh i ch is f i xed in a l l  area s of reg ion 
( A ) , wi th the exc ept ion o f  two f i s h  ( N I 5 4 2  and N I 5 4 6 ) in 
we s tern Ta smani a ,  i s  pre s ent at  a f requency o f  0 . 1 9 2  in reg i on 
( B )  • 

There i s  a f ixed ( or nearly f ixed ) di f f erence between 
regions  i n  the i r  mtDNA hapl otype s for every one of the e l even 
tes ted endonuc l ea s e s . The only enzyme where a hap l otype i s  
f ound i n  both reg i on s  i s  Ps t 1 where N I 5 4 2  f rom the We s t  Coa s t  
o f  Ta smania h a s  the B hapl otype of  the we s tern region . 
E s t ima ted s equence divergence between the regions i s  0 . 4 4 .  
The mtDNA data s ugge s t  the popu l ation on the we s t  c oa s t  o f  
Tasmania may c ompri s e  a mixture o f  the s tocks . Ac cording to 
its  mtDNA phenotype , N I 5 4 2 i s , a s  s ugge s ted by the a l l o zyrne 
data , mo s t  l i kely derived f rom the we s tern Au s t ra l ian 
popu l a t ions . 1 1 5  ba s e s  o f  the 1 2 S rDNA s equence o f  N I 5 4 6  wa s 
s equen ced and shown to be ident i c a l  wi th that o f  N I 5 2 9  f rom 
the We s tern popu l a tion , in d i f f ering f rom the E a s tern 
Au s t ra l i an f o rm a t  three s i tes . 

Apart f rom we s tern Ta smani a ,  there i s  no i ndi c a t i on that 
there is any b i o l ogi c a l ly s i gni f i cant s ub-divi s i on in e i ther 
reg ion ( A )  or ( B ) , wi th the s ame mtDNA hap lotype s  be ing f ixed 
in a l l  area s of the regions f or a l l  en zyme s and wi th no 
s ta t i s t i ca l ly s i gn i f i cant e l e ctrophoretic divergence .  

There i s  no c l ear demarcation in  the e l e ctrophore t i c  data 
between the popu la t i on s  f rom the ea s t  c oa s t  of Aus tra l i a  ( A )  
and New Z e a l and ( C ) . There are f i f teen a l lo zyme s whi ch are 
f ound i n  l ow f requency in one region but are abs ent f rom the 
other . In a l l  but one of the s e , the a l l o zyme i s  pre s ent in 
e a s tern Au s tra l i an wa ters and absent f rom New Z e a l and , 
po s s ibly re f l e c t i ng the larger s ampl e  s i z e s  f rom the 
Au s tra l ian reg i on . On ly f or Es t and Gpi - 1  are there a l l o zyme s 
whi ch d i f f er i n  f requency between the regions by more than 
1 0 % . S imi l arly , there i s  l i ttle  evidence o f  variation between 
New Z ea l and and e a s tern c o a s t  Au s tra l i an popu l a t i on s  in mtDNA . 
There are hap l o type s observed in l ow f requency i n  e i ther 
region ( A )  or ( C )  whi ch are abs ent f rom the other . The three 
observed Hin f  1 D variants were a l l  f ound among the 2 9  f i s h 
f rom the ea s t  c oa s t  o f  the North I s l and o f  New Z ea l and . The 
absence o f  thi s phenotype f rom other area s i s  not 
s ta t i s t i c a l ly s i gn i f i cant , yet is worth f urther i nve s t i gation 
i n  re l a t i on to s tock d i s crimination wi thin New Z ea l and . 

There i s  only one variable po s i t i on in the 1 2 S rDNA 
s equen c e s  o f  f i s h f rom regions ( A )  and ( C ) . The A at po s i tion 
35 of N I 4 0 9  is rep l a ced by G in a l l  7 other New Z ea l and and 3 
N . S . W .  f i s h . Segment s  o f  the mi to chondri a l  DNA , in part i cular 
the D l oop , do evo lve more rapidly than the 1 2 S gene . 
S equen c i ng o f  s uch s e gments  mi ght revea l a ma j or f requency 
d i f f erenc e  between the regions . The emerging techno l ogy of 
mi c ro s at e l l i te DNA ana lys i s  might a l s o be empl oyed . However , 
s ome gene f l ow between the eas tern Au s tra l i an and New Z e a l and 
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popu l a t i on s  wi l l  probably rema in the mo s t  l ikely s cenari o . 

Deteriora t i on in the qua l i ty of  DNA preparations and 
e l e c trophoret i c  phenotype upon continued expo s ure wa s 
mon itored in s pec imens wh i ch were l e f t  outdoors f o r  s even 
days . Mu s c l e , l iver and ova rian t i s sues were taken f rom 
spec imens on each day . Al though the experiment wa s c ondu cted 
i n  midwinter , maximum temperatures ranged f rom 1 7 . 3 °C to 
2 1 . 4°C . S amp l e s  f rom three f i s h f rom days 1 ,  3 ,  5 and 7 were 
s c ored for ten en zyme s in mu s c l e and nine in l iver . The on ly 
change s in phenotype were a reduction in activi ty f o r  three 
l iver en z yme s  in one f i s h each at day 7 .  Otherwi s e , there wa s 
no d iminu t i on in en zyme a c t ivity and no generat i on o f  
breakdown i s o zyme s . The s e  three f i s h were a l s o  s c ored f o r  DNA 
f rom l iver taken on days 1 ,  2 ,  3 ,  4 ,  5 and 7 .  Two were s cored 
f or mu s c l e and gonad DNA for the s ame days . Up to day three 
there wa s no apparent degradation of high mo lecular wei ght 
( " HMW " ) DNA in l iver s amp l e s . Therea f ter , the length s o f  DNA 
became progre s s ive ly s horter , unti l mo s t ly l e s s than 3 0 0  bp by 
day 7 .  However , probing revea l s  that there i s  a s i gni f i c ant 
amount of intact mtDNA in the s amples at that t ime . A s imi l ar 
pattern wa s s een for Hin f  1 diges ted DNA . There wa s no 
redu c t i on a t  a l l  in the band inten s i ty o f  any f ra gment o f  the 
mtDNA pattern unt i l  a f ter day 4 .  Even at day 7 a l l  f ra gmen t s  
o f  t h e  phenotype were qui te c l early s corable . Gonad and 
mu s c l e t i s s u e s  were even more res i s tant to degrada t i on . 

The " sha l l ow "  and " deep " f orms o f  o cean perch Hel i col en us 
percoi des a re c learly reproduc tive ly i s o l ated to a s i gni f i cant 
extent , Es t - 2 for i n s tance showing a f ixed di f ference between 
the f o rms over the who l e  l ength o f  the eas tern s eaboard , wi th 
the except i on o f  the mo s t  s outherly loca l i ty ( Sorre l , 
Ta sman i a ) . 6- Pgdh , too , ha s very l arge f requency di f f erence s 
over a l l  o f  thi s c oa s t l ine . There are a l s o  apparent genetic  
d i f f eren c e s  wi thin the f o rms s ugge s t ing that gene f l ow can be  
qui t e  re s tr i c ted even over re lat ive ly sma l l  geograph i c  
d i s ta n c e s . F o r  examp l e , the Sorre l deep s ample i s  gene t i cal ly 
more d i s tant t o  other e a s t  coa s t  Au s tra l ian deep popu l a t i ons 
than the s e  are to We s tern Aus tra l ian s ampl es . Intra - f o rm 
d i f f eren t i a t i on i s  marked in the pre l iminary mtDNA s tudi e s . 
For Hin f  1 ,  there wa s a great dea l o f  variation , wi th every 
individua l having at l ea s t  one unique f ragment in i t s  
phenotype . For Dde 1 ,  the two s ha l l ow form i ndividua l s  f rom 
Eden had a f ra gment that wa s abs ent f rom a l l  other s cored 
individua l s , inc l uding two deep f o rm f i s h f rom the s ame 
l o c a l i ty . However , two Ta smanian sha l l ow form f i s h had the 
deep phenotype . 
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a n d  i t s  app l i c a t i on to f i sh f i l let edent i f i c a t i on . Aus tra l i a 
CSIRO Marin e  Labora tori es Report 1 7 7 , 1 - 5 9 . 

Shak l ee , 
( 1 9 9 1 ) . 

J . B . , Kl aybor , D . C . , Young , S . , and Whi te , B . A .  
Gene t i c  s tock s t ructure o f  odd -year pink s a lmon , 



On corhyn ch us gurbuscha ( Wa l baum ) , f rom Wa sh ington and 
Bri t i s h  C o l umbi a  and potent i a l  mixed - s tock f i s heri e s  
app l i c a t i o n s . I n  ' Bi o chemi c a l  Genet i c s  and Taxonomy o f  
F i s h ' . ( Ed s  A .  Fergu s on and J . E .  Thorpe ) . Jo urna l of Fi sh 
Bi o l ogy 3 9 , Supp l ement A ,  2 1 - 3 4 . 

Shak lee , J . B . , and Phe lps , S . R .  ( 1 9 9 0 ) . Operat i on o f  a l a rge 
s ca l e , mu l t i -agency program for genetic  s tock 
ident i f i cat ion . Ameri can Fi sheri es Soci e ty Symposi um 7 ,  
8 1 7 - 8 3 0 . 

S l atkin , M .  ( 1 9 8 1 ) . E s t ima ting leve l s  o f  gene f l ow in natura l 
popu l a t i on s . Gen e t i cs 9 9 , 3 2 3 - 3 3 5 . 

S l a tkin , M .  ( 1 9 8 5 a ) . Rare a l l e l e s  a s  indi cators o f  gene f l ow .  
Evol u t i on 3 9 , 5 3 - 6 5 . 

S l atkin , M .  ( 1 9 8 5 b ) . Gene f l ow in na tura l popu l a t i on s . Ann ua l 
Revi ew o f  Eco l ogy and Sys tema ti cs 1 6 , 3 9 3 - 4 3 0 . 

3 9  

S l atkin , M . , and Barton , N . H .  ( 1 9 8 9 ) . A c ompari s on o f  three 
indire c t  methods f o r  e s t imating average leve l s  of gene f low . 
Evo l u t i on 4 3 , 1 3 4 9 - 1 3 6 8 . 

Smi th , D .  ( 1 9 9 3ms ) . We s tern Ba s s  Stra i t  Trawl F i s he ry 
As s e s sment Program . Fina l Report to FRDC , Marine S c i ence 
Laboratori e s , Queens c l i f f . 

Smi th , P . J .  ( 1 9 9 0 ) . Protein e l ectrophore s i s  f o r  
ident i f i c a t i on o f  Au s tra l a s ian f i s h s tocks . Aus tra l i a n  
Jo urna l o f  Marin e  and Freshwa ter Research 4 1 , 8 2 3 - 8 3 3 .  

Smi th , P . J . , Jami e s on , A . , and Birley , A . J .  ( 1 9 9 0 ) . 
E l e ctrophore t i c  s tudi e s  and the s tock concept i n  marine 
te l e o s t s . Jo urn a l  of the Cons . In terna t i ona l Expl or .  Mer 4 7 , 
2 3 1 - 2 4 5 . 

Swo f f o rd , D . L . , and S e l ander , R . B . , ( 1 9 8 1 ) . B I OSYS - 1 :  a 
FORTRAN program f o r  the c omprehens ive ana lys i s  o f  
e l e c t rophore t i c  d a t a  in population geneti c s  and sys temati c s . 
Jo urna l o f  Heredi ty 7 2 , 2 8 1 - 2 8 3 . 

Taut z , D .  ( 1 9 8 9 ) . Hypervari abi l i ty o f  s imp le s equenc e s  a s  a 
genera l s ource f o r  po lymorphic  DNA markers . Nu cl ei c Aci ds 
Research 1 7 , 6 4 6 3 - 6 4 7 1 . 

Thoma s , W . K . , Wi thler , R . E . , and Beckenbach , A . T .  ( 1 9 8 6 ) . 
Mi to chondri a l  DNA ana lys i s  o f  Paci f i c  s a lmonid evo lution . 
Can a dian Jo urna l of Zool ogy 6 4 , 1 0 5 8 - 1 0 6 4 . 

Utter , F .  M . , Wap l e s , R .  S . , and Tee l , D .  J .  ( 1 9 9 2 ) . Gene t i c  
i s o l a t i on o f  previous ly ind i s t i ngui s hable chinook s a lmon 
popu l a t i ons o f  the Snake and Kl amath Rivers : l imi tations o f  
nega t ive data . Fi shery Bu l l e tin , U.  S .  9 0 ,  7 7 0 - 7 . 

Wehrhahn , C . F . , and R . Powe l l . ( 1 9 8 7 ) .  E l e c trophore t i c  
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8 3 1 . 

We i r , B .  ( 1 9 9 0 ) . I ntraspec i f i c  di f f erentiation . I n  ' Mo l ecular 
sys t emat i c s ' . ( Ed s  D . M .  Hi l l i s  and C .  Mori t z ) .  Pp . 3 7 3 - 4 1 0 . 
( S inauer As s o c iates : Sunderl and ) .  

We i r , B . , and C . C .  Co ckerham , ( 1 9 8 4 ) . E s t imat ing F - s ta t i s ti c s  
f o r  the ana lys i s  o f  popu l a t i on s tru cture . Evol u ti on 3 8 , 
1 3 5 8 - 1 3 7 0 .  

Wh i t e , B . A . , and Shak lee , J . B .  ( 1 9 9 1 ) . Need for  rep l i c a t ed 
e l e c t rophore t i c  ana lys es  in mu l t iagency genet i c  s tock 
ident i f i ca t i on ( GS I ) programs : examp l e s  f rom a pink s a lmon 
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Journa l o f  Fi sheri es and Aqua ti c Sci en ce 4 8 , 1 3 9 6 - 1 4 0 7 . 

Wi l l i ams , A .  ( 1 9 9 2 ) . The f i s heries biol ogy o f  the f i n f i s h . I n  
' The f i s heri e s  b i o l o gy o f  deepwater cru s t a cea a n d  f in f i sh on 
the continenta l s lope of We s tern Aus t ra l ia ' .  ( Ed .  S .  F .  
Rayner ) .  Pp . 1 5 7 - 2 4 5 . ( Fina l Report to FRDC , C S IRO 
F i s heri e s , Perth ) . 

Withel l ,  A .  F .  and Wankowski , W .  J .  ( 1 9 8 8 ) . E s t ima tes  o f  age 
and growth of o cean perch , He l i co l enus percoides Ri chards on , 
in s outh - e a s tern Au s tra l i an waters . Aus tra l i an Jo urna l of 
Ma rin e  and Freshwa ter Research 3 9 , 4 4 1 - 5 7 . 

Wright , S .  ( 1 9 5 1 ) . The genet i c a l  s t ruc ture o f  popu l a t i on s . 
Ann a l s  o f  Eugen i cs 1 5  3 2 3 - 3 5 4 . 

Wright , S .  ( 1 9 7 8 ) . ' Evo lution and the geneti c s  o f  popu l ation s . 
Vo l . 2 .  The theory o f  gene f requenc i e s ' .  ( Univers i ty o f  
Chi cago Pre s s :  Chi cago ) .  Pp . 4 0 5 . 
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Tab l e  1 :  S umma ry o f  E l e ctrophoretic  Procedure s . 

The c o lumn s g ive , in order , the name o f  the en zyme , 
i t s  abbrevi a t i on u s ed herein , E . C .  number , running 
bu f f er and number o f  pre s umed gene t i c  l o c i . Running 
bu f f er TEM 5 0  is 5 0mM tri s , lmM Na2EDTA , lmM Mg C 1 2 , 
pH ad j us ted to 7 . 8  wi th ma l e i c  a c id . Bu f f er TC 1 0 0  
i s  l O OmM tri s , pH ad j u s ted to 8 . 2  wi th c i tric  a c id . 
The t i s s u e s  u s ed were : mu s c l e  M ,  l iver L ,  or both 

E NZ YME ABBREVIAT I ON E . C .  NO . BUFF ER LOC I T IS SUE 

Adenylate k i na s e  
As partate aminotran s f era s e  
Adeno s ine deami na s e  
Al coho l dehydrogena s e  
Crea tine k i na s e  
E s tera s e  
Fructo s e -bi s ph o s phate a ldo l a s e  
Fruc t o s e -bi s pho s pha t a s e  
Fumarate hydrat a s e  
G l u c o s epho s phate i s omera s e  
Gluco s e - 6 -pho s phate dehydrogena s e  
G lycera ldehyde pho s phate dehydrogena s e  
a-G l yceropho s phate dehydrogena s e  
I s o c i trate dehydrogena s e  
La ctate dehydrogena s e  
Ma l ate dehydrogena s e  
Ma l i c  enzyme 
Manno s epho sphate i s omera s e  
Pept i da s e  ( l eu - a l a  s ubs trate ) 
Peptida s e  ( l e u - g ly-gly s ubs trate ) 
Peptida s e  ( phe -pro s ubs trate ) 
Pho s phog lucomuta s e  
6 - Phosphog l uconate dehydrogena s e  
Pho s phog lyerokina s e  
Pyruva te k i na s e  
Sorbi tol  dehydrogena s e  

AK 
AAT 
ADA 
ADH 
CK 
EST 
FBALD 
FBP 
FH 
GP ! 
G- 6 -PDH 
GA- 3 - PDH 
GPD 
I DH 
LDH 
MDH 
ME 
MP I 
PEP - la 
P EP - lgg 
PEP -pp 
PGM 
6 - PGDH 
PGK 
PK 
SDH 

2 .  7 .  4 .  3 
2 . 6 . 1 . 1  
3 . 5 . 4 . 4  
1 . 1 . 1 . 1  
2 .  7 .  3 .  2 
3 . 1 . 1 . 1  
4 . 1 . 2 . 1 3 
3 . 1 . 3 . 1 1 
4 . 2 . 1 . 2  
5 . 3 . 1 . 9  
1 . 1 . 1 . 4 9 
1 . 2 . 1 . 1 2 
1 . 1 . 1 . 8  
1 . 1 . 1 . 4 2 
1 . 1 . 1 . 2 7 
1 . 1 . 1 . 3 7 
1 . 1 . 1 . 4 0 
5 . 3 . 1 . 8  
3 . 4 . 1 1 
3 . 4 . 1 1 
3 . 4 . 1 1 
2 .  7 .  5 . 1  
1 . 1 . 1 . 4 4 
2 .  7 .  2 .  3 
2 . 7 . 1 . 4 0 
1 . 1 . 1 . 1 4 

TEM 5 0  
TC 1 0 0  
TEM 5 0  
TEM 5 0  
T EM 5 0  
TEM 5 0  
TEM 5 0  
T EM 5 0  
TEM 5 0  
TEM 5 0  
TC 1 0 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TC 1 0 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  
TEM 5 0  

2 
3 
2 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
2 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 

M 
M , L  
L 
L 
M 
L 
M 
M 
M 
M 
L 
M 
M 
M 
M 
M 
M 
L 
L 
L 
L 
M 
L 
M 
M 
L 
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213.S 

~.to.() 

u.1 
1 ~. J 

79.2 

H,.7 

H.7 

3'Ll 

Table 2: 

1.:.89,8-00~ L J25P-0u2 L )2517-004 I. l2"il 1-00 l 

381. 

~ 11. J 

U:'.!i 

~J. 1 

~6. 7 

~7. 1 

110,5 

125.0 

104.7 

176.1 

1111.6 

!'16.J 

::P.l 
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56.0 

l.'14}"-' 

711.I 

7f-l.J 
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S p ec i m e n  n a m e  R o x e a  so l a n d r i  

R C? q . nr.:· . I .  _i L 7 4 � - 0 0 4  I .  3 2 7 4 9 - ' l l .• { 

J .oc a l  .1 t� y W T A S  W T !\ �  

S t e m  l . '3 n  7 9  _:i . 0 7 4 0 . J  

Fo r k  L e n  8 5 o . o 

H e ad L e n 2 1 4 . A  2 0 0 . 8  

U p  J a w  I . e n I 0 6 . 5 

S nou t L l? n  9 l .  9 8 4 . 0  

Eye D i am 3 6 . 6  

B o n y  I n t e r  4 3 .  I 3 9 . 2 

Body Dep t h  1 2  s .  8 

S n  to P 
P Le n 1 1 5 .  0 9 3 . 9  

S n  t. o  v 2 6 6 . 7  2 3 8 . 4  

v L e n  1 1 .  7 

S n  to D 2 0  5 .  5 

0 1  B a s e  3 3 1 .  5 

02 B a s e  1 5 4 . 4  

S n  t o  L L :� 2 8 8 . 7  

S n  t o  A 58 I .  5 

A B a s e  1 2 9 . 5  

L L  1 Lo n 4 3 7 .  8 

L L 2  L e n 4 8 6 . 9  

C au d  P e d  D e p  3 6 . 0  

C au d  P e d  L e n  5 5 .  6 

C L e n  1 4 3 . 7  

D s p l  L e n  4 3 . 5 2 9 . 7  

D r a y l L e n  6 5 .  4 

A r a y l L e n  5 9 . 0  

D s p 2  L e n  5 0 . 7 3 5 .  4 

I .  3 :: 7 -1 <i _ r ·. o 1 1 . .  1 :'  7 � 0 - U O  l 

- WT A :;  W T /\ S  

7 0 6 . 5  6 4 2 . 9  

1 9 4 . 9 1 8 2 . 5 

B 5 .  2 7 4 . 2 

3 9 .  3 3 6 . 4  

9 � . 7  8 9 . 8  

L :� 6 . 2 2 2 4 . I 

2 2 . 3  3 2 .  4 

3 0 . 2 4 0 . 5 

I . 3 2 7 4 9 - 0 0 2  

W T f\ 5  

S B  7 .  5 

1 6 1 .  3 

6 7 . 2  

3 0 .  I 

8 1 .  3 

1 7 6 . I 

3 J .  4 

3 3 . 9  

.(:-[\) to 



t•<>c1mon name ROXP,"l sr:, 1 an<l r 1 

mg. no. t. J 1 •,0.1-00::- I .. il'.•04-001 I.30910-002 1.31~104-004 I.31504-00.l I . .10910-004 

,0C<':1l1ty SIi ·SA -SA SA -SI\ SIi 

:tan Len 380. I 330.8 386.B 39 5. 5 396. 7 410.0 

·ork I,en 480.4 361. 7 420.0 443. 5 

tec1d Len 112. 1 94. 4 117. 0 I l t,. 7 114. 0 l 19. 7 

1p Jaw Len 52. I 55. 0 53.6 58. 0 

;nout Len 45,4 39.2 46.5 46.6 46.0 49.7 

:ye Di am 23.4 19.0 27.2 25. 6 

lony Inter 22.2 16. 3 22.3 23.3 21.e 24. 1 

lody Depth 61.l 53.5 61.9 62.8 

~n to P 111. 0 95. 8 114. 9 118.7 

JJen 58. 4 4 '.,. 9 58. 5 60.4 54.6 60.3 

~n to V 122.8 104.6 123.9 L!B. 4 121.8 132. 6 

,J Len 7.6 8. 'l, 4.4 8.6 

:;n to D 11 l. 4 95. 8 107.8 109.2 

>I Base 17. 2 151. 6 191. 0 196.0 

)/ Base 7 5. l 61. e 72.5 84.2 

-,n to LL2 150.0 140.7 155.9 155.5 

::·n to A 302.3 c 57. 1 310.0 324.3 

A Base 61.6 50. 9 64.6 68.0 

l,Ll Len 196.4 194. 5 214. 4 246.5 

1,L2 Len 221.5 199.3 237,2 256. 0 

~aud Ped Dep 15.8 14.0 17.8 19. 4 

.::aud Ped Len 30.7 20.6 26.2 23.0 

Len 77.9 73.8 76.2 90.0 

D spl Len 20.6 29.6 23.8 ,;_,4. 6 20.3 28.2 

D rayl Len 19.2 22.5 40.3 45. 8 

Pr. rayl Len 34. 5 26.6 31. 6 35. 4 

u sp2 Len 26.0 26.8 24.7 20.7 

I .30910-001 I. 30'-110-0Ci."~ 1. 1( , I,,_,,,,' l .. , ,'.J ~l 1 (J -', 1,\r 

-SA SI\ SA SA 

4 17. 2 467.6 c, j ~ .. ' ",'., 1. 4 

4 51. 0 511. 0 '.,n.; •,9 S. 9 

120.0 128.9 14 l. A l 53. O 

57. 1 63.9 7 1. r 18. 3 

4t'. 2 53.0 60. ~- 6 5. 3 

2 5. 0 26.8 2 7. t :;9. 8 

24.S 26.6 :'8. 4 JL.::, 

6 :,. 9 82.8 83.7 90.6 

12 l. 0 132. 4 147.0 154. 2 

59.6 66.3 75.tJ 7 5. 7 

132.5 142. 7 1':,2.4 177. 6 

7. 2 11.0 8 .(. 8.6 

112. 5 121. 5 138.' 143. 8 

191:1. 9 218.5 :.; ~~ . 260,. 7 

84.6 98.7 111. f 112. 9 

1 :,.3. 9 179.S :"O 1, r ~14.0 

329. -1 368.7 4 J.3. tj 4 1. (\ 

68.6 85. C• 13:->. _1 t'):-'. 7 

222.2 272.0 327. _1 ;;·-:. =·. 0 

262.6 287.9 Jj 5. '- 335.0 

20.7 24. 5 24.7 28.0 

25. 8 31. 7 .37. (1 40.7 

89.5 83.7 100, 0 l I 5. 0 

20.0 29. 5 35. 0 39. 2 

49.0 48.2 '.,4.0 56. 7 

38.3 41. 8 55. 0 54. 4 

J. ll~·\•4-t.•l l 1 l ~·IJ 4 - O 1 :· 

SA ::;A 

77 l. I fl).1 

l q 7. 0 :;(\f,.J 

80.7 (J(\. 4 

44.9 4 1. A 

101. ~) i. (l 3. 6 

254.2 :. ~~ •• Cl 

41. 0 4 4. 7 

40.7 ~·2. 3 

I .. ; l ~,04-0 1 ~ 

SA 

H'):). 3 

q:w.8 
:.:2s. :, 

1 L~ .1 

96.3 

37. 5 

4 3. 15 

D6. 3 

228.2 

lQJ.9 

2 52. 0 

12. 1 

;,24. 4 

31:!f.l;. 3 

17(,. 9 

3 ~:E,. 9 

r.4 _1 •• • 

l 3 S. ·~ 

~I 1 3 • 4 

571.9 

J ;, • 2 

136. IS 

163.2 

37.7 

66.5 

56. 1 

49.6 

I.32516-001 

VIC 

428.3 

120, 6 

48.2 

22.8 

63. 3 

133.5 

L2.7 

29.7 

.;:,
f\} 
() 
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kf� I  j .  I )( :  

Loc a l  1 t . y  
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Table 3 :  Al l o zymi c f requen c i e s  in gemf i s h Rex ea solandri s amp le s . Numbers 
in the row headed ( N )  indicate s amp l e  s i z e s . The S outh Au s tra l i an 
ea s t  s amp l e  i n c ludes the We s ternport , Vi c toria f i s h . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PO PULAT I O N  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N ew S ou t h  Wa l e s  T a sma n i a  S outh Au s t ra l i a We s t e rn New Z e a l and 

ALLO Z YME N o r th C en t r a l  S ou t h  Ea s t  We s t  Ea s t  B i gh t  A u s t r a l i a  N o r t h We s t  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AK 
( N ) 1 7  4 0  2 0  1 2  6 4 0  4 0  4 7  2 3  1 0  

A 1 . 0 0 0  1 .  O O O  1 . 0 0 0  1 . 0 0 0  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  
AA T - 1  

( N )  1 7  3 9  1 7  1 2  6 3 9  3 8  4 2  2 3  1 0  

A . 0 5 9  

B . 0 5 9  . 0 2 6  . 0 2 6  . 0 2 2 

c . 7 6 5  . 9 2 3  . 9 1 2 . 7 5 0  1 .  O O O 1 . 0 0 0  . 9 7 4 1 .  O O O  . 8 9 1  . 7 0 0  
D . 1 1 8  . 0 5 1  . 0 8 8  . 2 5 0  . 0 8 7  . 3 0 0  

AAT - 2  

( N ) 1 6  4 0  2 2  1 6  6 4 4  3 9  4 7  2 3  1 0  
A . 1 0 2  . 0 2 6  . 0 9 6  
B . 2 5 0  . 7 7 3  . 7 4 4  . 6 8 1  
c 1 .  O O O 1 .  O O O  1 .  O O O  . 9 6 9  . 7 5 0  . 1 2 5  . 2 3 1  . 2 2 3  1 .  O O O  1 .  O O O  
D . 0 3 1  

AAT - 3  

( N ) 1 7  3 7  1 8 1 2  6 4 0  4 0  4 7  2 3  1 0  
A 1 .  O O O  1 .  O O O  1 . 0 0 0  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  

ADA - 1 

( N )  1 7  3 4  1 7  9 6 3 3  3 9  4 5  2 3 1 0  
A . 0 1 5  . 0 2 9  . 0 2 6  . 0 2 2  
B 1 .  O O O  . 9 8 5  . 9 7 1  1 .  O O O  1 .  O O O  1 .  O O O  . 9 7 4  . 9 7 8  1 .  O O O  1 .  O O O  

ADA - 2  

( N )  1 7  3 4  1 7  9 6 3 2  3 9  4 7  2 3 1 0  
A . 9 7 1  . 9 5 6  . 9 7 1  1 .  O O O  . 8 3 3  . 9 8 4  . 9 2 3  . 9 5 7  . 9 3 5  1 .  O O O  
B . 0 2 9  . 0 4 4  . 0 2 9  . 1 6 7  . 0 1 6  . 0 7 7  . 0 4 3  . 0 6 5  

ADH 

( N )  1 0  2 6  1 2 3  2 7  3 7  22  

A . 1 0 0  . 0 3 8  . 5 0 0  . 1 1 1  . 1 4 9  . 0 2 3  

B . 6 0 0  . 6 1 5  . 5 0 0  1 . 0 0 0  . 5 9 3  . 6 7 6  . 6 5 9  
c . 3 0 0  . 3 4 6  . 2 7 8  . 1 7 6  . 2 5 0  

D . 0 1 9  . 0 6 8  

CK 

( N )  1 7  4 0  2 0  1 2  6 4 0  4 0  4 7 2 3  1 0  

A 1 . 0 0 0  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 .  O O O  1 . 0 0 0  



P O PULAT I O N  

N e w  S ou t h  Wa l e s  T a sma n i a  S outh Au s t r a l i a  We s t e rn New Z e a l and 

ALLO Z YME N o r th C en t r a l  S ou t h  Ea s t  We s t  Ea s t  B i gh t  Au s t r a l i a  N o r t h  We s t  

E S T  

( N )  
A 

B 

c 
D 

E 

F 

G 

F BALD 

5 

. 2 0 0  

. 1 0 0  

. 1 0 0  

. 6 0 0  

5 

. 2 0 0  

. 6 0 0  

. 2 0 0  

1 3  

. 0 7 7  

. 3 4 6  

. 3 4 6  

. 0 7 7  

. 1 5 4  

9 

. 4 4 4  

. 1 6 7  

. 3 3 3  

. 0 5 6  

( N )  1 7  4 0  2 0  1 2  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

F B P  

( N ) 1 7  4 0  2 0  1 2  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  
F H - 1  

( N )  1 7  4 0  2 0  1 2  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  
F H - 2  

( N )  1 7  4 0  2 0  1 2  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

GA- 3 - PD H  

( N )  1 7  4 0  2 0  1 2 

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

G P D  

( N )  1 7  4 0  2 0  1 2  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

G P I - 1  

( N )  1 6  3 7  1 9  1 2 

A . 1 2 5  . 0 1 4  

B . 4 0 6  . 4 1 9  . 5 0 0  . 2 5 0  

c . 0 5 4  . 3 3 3  

D . 4 6 9  . 5 1 4  . 5 0 0  . 4 1 7  

E 

G P I - 2  

( N )  

A 

G - 6 - P DH 

( N )  

A 

B 

I DH - 1  
( N )  

A 

I DH - 2  

( N ) 

A 

B 
LDH 

( N )  
A 

MDH - 1  
( N )  

A 
MDH - 2  

( N )  
A 

1 7  

1 . 0 0 0  

1 7  

. 0 2 9  

. 9 7 1  

1 7  
1 .  O O O  

1 6  

1 .  O O O  

1 7  

1 . 0 0 0  

1 7  
1 .  O O O  

1 7  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 .  O O O  

4 0  
1 .  O O O  

4 0  

1 .  O O O  

2 0  

1 .  O O O  

2 0  

1 .  O O O  

2 0  

1 . 0 0 0  

2 0  

. 0 2 5  

. 9 7 5  

2 0  

1 .  O O O  

2 0  

1 .  O O O  

2 0  

1 .  O O O  

1 2  

1 .  O O O  

1 2 

1 .  O O O  

1 2  

1 . 0 0 0  

1 2  

1 . 0 0 0  

1 2  

1 .  O O O  

1 2  

1 .  O O O  

1 2  

1 .  O O O  

6 

. 3 3 3  

. 6 6 7  

3 7  

. 1 6 2  

. 4 5 9  

. 3 1 1  

. 0 4 1  

. 0 2 7  

1 3  

. 2 3 1  

. 0 7 7  

. 5 3 8  

. 1 5 4  

1 6  

. 2 1 9  

. 4 0 6  

. 3 1 3  

. 0 6 3  

6 4 0  4 0  4 7  2 3  

1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 4 0  4 0  4 7  2 3  

1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 4 0  3 9  4 5  2 3  

1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 4 0  3 9  4 5  2 3  

1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 4 0  4 0  4 7  2 3  

1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 4 0  4 0  4 7  2 3  

1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 4 0  3 9  4 6  2 3  

. 0 3 8  . 0 2 6  . 0 1 1  

. 3 3 3  . 2 2 5  . 3 5 9  . 2 6 1  . 2 3 9  

. 1 0 0  . 0 6 4  . 0 3 3  . 0 8 7  

. 6 6 7  . 6 2 5  . 5 2 6  . 6 7 4  . 6 7 4  

6 

1 . 0 0 0  

6 

1 .  O O O  

5 

1 . 0 0 0  

6 

1 .  O O O  

6 

1 .  O O O  

6 

1 .  O O O  

6 

1 .  O O O  

. 0 1 3  

4 0  

1 .  O O O  

3 7  

1 . 0 0 0  

4 0  

1 . 0 0 0  

3 7  

1 .  O O O  

4 0  

1 . 0 0 0  

4 0  

1 . 0 0 0  

4 0  

1 . 0 0 0  

. 0 2 6  

4 0  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 . 0 0 0  

3 8  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 . 0 0 0  

4 0  

1 .  O O O  

. 0 2 2  

4 7  

1 . 0 0 0  

4 7  

. 0 1 1  

. 9 8 9  

4 7  

1 . 0 0 0  

4 7  

1 .  O O O  

4 7  

1 .  O O O  

4 7  

1 .  O O O  

4 7  

1 .  O O O  

2 3  

1 .  O O O  

2 3  

. 0 2 2  

. 9 7 8  

2 3  

1 .  O O O  

2 3  

1 .  O O O  

2 3  

1 .  O O O  

2 3  

1 .  O O O  

2 3  

1 .  O O O  

7 

. 2 1 4  

. 1 4 3  

. 6 4  3 

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  

1 . 0 0 0  

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  

. 4 5 0  

. 5 5 0  

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  

1 .  O O O  

1 0  
1 .  O O O  

1 0  

1 . 0 0 0  

4 4  



N ew S ou t h  Wa l e s  

ALLO Z YME N o r th C en t r a l  S ou t h  

ME - 1  

( N )  
A 

ME - 2  

( N ) 
A 

B 

c 

MP I 

1 7  

1 . 0 0 0  

1 7  

. 9 7 1  

. 0 2 9  

4 0  

1 . 0 0 0  

4 0  

. 0 1 3  

. 9 7 5  

. 0 1 3  

2 0  

1 .  O O O  

1 9  

. 0 2 6  

. 8 6 8  

. 1 0 5  

T a sma n i a  

E a s t  We s t  

1 2  

1 .  O O O  

1 2  

1 .  O O O  

6 

1 .  O O O  

6 

1 .  O O O  

P OPULAT I O N  

S outh Au s t r a l i a  We s t e rn 

Ea s t  B i ght Au s t r a l i a 

4 0  

1 .  O O O  

3 8  

. 0 2 6  

. 9 7 4  

4 0  

1 .  O O O  

4 0  

. 0 1 3  

. 9 8 8  

4 7  

1 . 0 0 0  

4 7  

. 0 2 1  

. 9 5 7  

. 0 2 1  

New Z e a l and 

N o r t h  We s t  

2 3  1 0  

1 .  O O O  1 .  O O O  

2 3  1 0  

1 .  O O O  1 .  O O O  

( N )  1 7  4 0  1 9  1 2  5 3 3  4 0  4 6  2 3  1 0  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

P GM 

( N )  1 7  3 7  1 8  1 2  6 4 0  4 0  4 7  2 3  1 0  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 - P G D H  

( N )  3 8 1 3  1 2  5 2 1  1 0  1 7  7 9 

A 1 . 0 0 0 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

P EP - l a 

( N )  1 7  4 0  1 9  1 2  6 4 0  4 0  4 7  2 3 1 0  

A • 0 5 9  

B . 9 4 1  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

P EP - l g g  

( N )  1 7  4 0  1 9  1 2  6 4 0  3 9  4 7  2 3  1 0  

A • 0 2 9  . 0 1 3  

B . 9 7 1  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  . 9 8 7  1 . 0 0 0  1 . 0 0 0 1 . 0 0 0  
P EP - pp 

( N ) 1 7  4 0  1 9  1 2  6 4 0  4 0  4 7  2 3  1 0  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

PGK 

( N )  5 8 1 3  12 6 4 0  13 23 23 1 0  

A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  . 9 1 3  1 . 0 0 0  1 . 0 0 0  

B • 0 4 3  
c 

P K - 1 

( N ) 

A 

B 

PK- 2 

( N )  

A 

B 

S DH - 1  

( N )  

A 

B 

c 

D 

S DH - 2  

( N )  

A 

B 

1 7  

1 .  O O O  

1 7  

1 .  O O O  

1 7  

1 .  O O O  

1 7 

1 .  O O O  

4 0  

. 9 2 5  

. 0 7 5  

4 0  

. 0 2 5  

. 9 7 5  

4 0  

1 .  O O O  

4 0  

. 0 2 5  

. 9 7 5  

2 0  

1 .  O O O  

2 0  

1 . 0 0 0  

1 9  

1 . 0 0 0  

1 9  

1 .  O O O  

1 2  

1 .  O O O  

1 2  

1 .  O O O  

1 2  

1 .  O O O  

1 2 

1 .  O O O  

6 

. 8 3 3  

. 1 6 7  

6 

1 . 0 0 0  

2 

1 . 0 0 0  

2 

1 .  O O O  

4 0  

1 . 0 0 0  

4 0  

1 . 0 0 0  

4 0  

. 9 1 3  

. 0 1 3  

. 0 7 5  

4 0  

1 .  O O O  

4 0  

1 .  O O O  

4 0  

1 . 0 0 0  

3 3  

. 9 2 4  

. 0 1 5  

. 0 6 1  

3 3  

1 .  O O O  

. 0 4 3  

4 7  

1 .  O O O  

4 7  

1 . 0 0 0  

3 6  

. 9 4 4  

. 0 1 4  

. 0 4 2  

3 6 

1 .  O O O  

2 3  1 0  

1 .  O O O  1 .  O O O  

2 3  1 0  

1 . 0 0 0  1 . 0 0 0  

2 1  1 0  

1 .  O O O  1 .  O O O  

2 1  1 0  

1 .  O O O  1 .  O O O  

45 

MP I  



Tab l e  4 :  Al l o zymi c f requen c i e s  in the three ma j or 
geograph i c  s ubdivi s i on s  o f  gemf i s h Rexea 
solandri . F i gures in the rows headed ( N )  
i ndi cate s ample s i z e s . 

POPULAT I ON 

Aus tra l i a  New 
ALLO ZYME E a s t  We s t  Z ea l and 

AK 
( N )  
A 

AAT- 1  
( N )  
A 
B 
c 
D 

AAT - 2 
( N )  
A 
B 
c 
D 

AAT- 3  
( N )  
A 

ADA- 1 
( N )  
A 
B 

ADA- 2 
( N )  
A 
B 

ADH 
( N )  
A 
B 
c 
D 

CK 
( N )  
A 

EST 
( N )  
A 
B 
c 
D 
E 
F 
G 

FBALD 
( N ) 
A 

9 5  
1 . 0 0 0  

9 1  
. 0 1 1  
. 0 2 2  
. 8 7 4  
. 0 9 3  

1 0 0  

. 0 1 5  

. 9 8 0  

. 0 0 5  

9 0  
1 . 0 0 0  

8 3  
. 0 1 2  
. 9 8 8  

8 3  
. 9 5 8  
. 0 4 2  

3 8  
. 0 6 6  
. 6 1 8  
. 3 1 6  

9 5  
1 .  O O O  

3 8  
. 0 2 6  
. 1 7 1  
. 3 0 3  
. 4 0 8  
. 0 3 9  
. 0 5 3  

9 5  
1 .  O O O  

1 2 7  
1 .  O O O  

1 1 9  

. 0 0 8  

. 9 9 2  

1 3 0  
. 0 7 7  
. 7 3 1  
. 1 9 2  

1 2 7  
1 .  O O O  

1 1 7  
. 0 1 7  
. 9 8 3  

1 1 8  
. 9 5 3  
. 0 4 7  

8 7  
. 0 9 8  
. 7 3 6  
. 1 6 1  
. 0 0 6  

1 2 7  
1 .  O O O  

6 6  
. 0 4 5  
. 1 5 9  
. 4 6 2  
. 2 8 0  
. 0 2 3  
. 0 1 5  
. 0 1 5  

12 7 
1 . 0 0 0  

3 3  
1 . 0 0 0  

3 3  

. 0 1 5  

. 8 3 3  

. 1 5 2  

3 3  

1 . O O O  

3 3  
1 .  O O O  

3 3  

1 . O O O  

3 3  
. 9 5 5  
. 0 4 5  

2 2  
. 0 2 3  
.. 6 5 9  
. 2 5 0  
. 0 6 8  

3 3  
1 .  O O O  

7 

. 2 1 4  

. 1 4 3  

. 6 4 3  

3 3  
1 .  O O O  

4 6  



4 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

POPULAT I ON 
- - - - - - - - - - - - - - - - - - - - - -

Au s t ra l i a  New 
ALLO Z YME Ea s t  We s t  Zea l and 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FBP 
( N ) 9 5  1 2 7  3 3  
A 1 .  O O O  1 .  O O O  1 .  O O O  

F B - 1 
( N )  9 5  1 2 4  3 3  
A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

F B - 2 
( N )  9 5  1 2 4  3 3  
A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

GA- 3 - PDH 
( N )  9 5  1 2 7  3 3  
A 1 . 0 0 0  1 .  O O O  1 . 0 0 0  

GPD 
( N )  9 5  1 2 7  3 3  
A 1 .  O O O  1 . 0 0 0  1 . 0 0 0  

GP I - 1  
( N )  9 0  1 2 5 3 3  
A . 0 2 8  . 0 2 4  
B . 4 0 6 . 2 8 0 . 3 0 3 
c . 0 6 7  . 0 6 4  . 0 6 1  
D . 5 0 0  . 6 1 2  . 6 3 6  
E . 0 2 0  

GP I - 2  
( N )  9 5  1 2 7  3 3  
A 1 .  O O O  1 . 0 0 0  1 .  O O O  

G - 6 - PDH 
( N )  9 5  1 2 4  3 3  
A . 0 0 5  . 0 0 4  . 0 1 5  
B . 9 9 5  . 9 9 6  . 9 8 5  

I DH - 1 
( N )  9 4  1 2 7  3 3  
A 1 .  O O O  1 .  O O O  1 .  O O O  

I DH - 2 
( N ) 9 4  1 2 2  3 3  
A . 0 0 5  
B . 9 9 5  1 . 0 0 0  1 .  O O O  

LDH 
( N )  9 5  1 2 7  3 3  
A 1 .  O O O  1 .  O O O  1 . 0 0 0  

MDH- 1 
( N )  9 5  1 2 7  3 3  
A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

MDH - 2  
( N )  9 5  1 2 7  3 3  
A 1 .  O O O  1 .  O O O  1 . 0 0 0  



4 8  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

POPULAT I ON 
- - - - - - - - - - - - - - - - - - - - - -

Au s t ra l i a  New 
ALLO Z YME Ea s t  We s t  Z ea l and 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ME - 1  
( N )  9 5  1 2 7  3 3  
A 1 .  O O O  1 .  O O O  1 .  O O O  

ME - 2  
( N )  9 4  1 2 5  3 3  
A . 0 1 1  . 0 2 0  
B . 9 5 7  . 9 7 2  1 . 0 0 0  
c . 0 3 2  . 0 0 8  

MP I 
( N )  9 3  1 1 9  3 3  
A 1 . 0 0 0  1 . 0 0 0  1 . 0 0 0  

6 - PGDH 
( N )  4 1  4 8  1 6  
A 1 .  O O O  1 . 0 0 0  1 .  O O O  

PGM 
( N )  9 0  1 2 7  3 3  
A 1 . 0 0 0  1 .  O O O  1 .  O O O  

P E P - l a  
( N )  9 4  1 2 7  3 3  
A . 0 1 1  
B . 9 8 9  1 .  O O O  1 . 0 0 0  

P E P - lgg 
( N )  9 4  1 2 6  3 3  
A . 0 0 5  . 0 0 4  
B . 9 9 5  . 9 9 6  1 .  O O O  

P E P - pp 
( N )  9 4  1 2 7  3 3  
A 1 . 0 0 0  1 .  O O O  1 .  O O O  

PGK 
( N )  4 4  7 6  3 3  
A 1 .  O O O  . 9 7 4  1 .  O O O  
B . 0 1 3  
c . 0 1 3  

PK- 1 
( N )  9 5  1 2 7  3 3  
A . 9 5 8  1 .  O O O  1 . 0 0 0 
B . 0 4 2  

PK- 2 
( N )  9 5  1 2 7  3 3  
A . 0 1 1  
B . 9 8 9  1 .  O O O  1 .  O O O  

S DH- 1 
( N ) 9 0  1 0 9  3 1  
A 1 .  O O O  . 9 2 7  1 .  O O O  
B . 0 1 4  
c . 0 3 2  
D . 0 2 8  

S DH - 2 
( N )  9 0  1 0 9  3 1  
A . 0 1 1  
B . 9 8 9  1 .  O O O  1 .  O O O  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Tab l e  5 :  Gene t i c  d i s tances between the three ma in 
geograph i c  groupings o f  gemf i s h  Rexea solandri . 
Wri ght ' s  Mod i f i ed Rogers ' genetic  d i s tances are 
g iven be l ow the di agona l and Ne i ' s  unbi a s ed 
di s tance above the di agona l . 

AREA 

EAS TERN AUS TRAL IA 

WESTERN AUS TRAL IA 

NEW Z EALAND 

AUS TRAL IA NEW 
EASTERN WESTERN Z EALAND 

* *  . 0 1 9  . 0 0 1  

. 1 3 4  * *  . 0 2 1  

. 0 4 5  . 1 4 5  * *  

4 9  



Ta b l e  6 :  Fsr va l u e s  f o r  individua l l o c i  in the s pe c i f ied pa irs  o f  
geograph i c  regions o f  gemf i s h  Rexea solandri . C e l l s  wi thout 
entri e s  repre s ent l o c i  wi th no va riation i n  ei ther area . 

LOCUS 

Aa t- 1 
Aa t- 2 
Ada - 1 
Ada - 2 
Adh 
Es t 
Gpi - 1  
G- 6-pdh 
Idh- 2 
Me- 2 
Pgk 
Pep- l a  
Pep- l gg 
Pk- 1 
Pk- 2 
Sdh - 1 
Sdh- 2 

EAS TERN- WE STERN-
NEW Z EALAND NEW Z EALAND 

. 0 0 5  . 0 7 4  

. 0 0 8  . 5 8 5  

. 0 0 6  . 0 0 9  

. O O O  . O O O  

. 0 0 6  . 0 1 2  

. 0 3 4  . 0 9 1  

. 0 1 5  . 0 0 1  

. 0 0 2  . 0 0 3  

. 0 0 3  

. 0 1 8  . 0 1 1  
. 0 1 0  

. 0 0 5  

. 0 0 3  . 0 0 2  

. 0 2 2  

. 0 0 5  
. 0 2 6  

. 0 0 6  

EAS TERN
WESTERN 

. 0 4 5  
. 5 5 2  
. O O O  
. O O O  
. 0 2 0  
. 0 1 6  
. 0 1 3  
. O O O  
. 0 0 3  
. 0 0 3  

. 0 0 5  

. O O O  

. 0 2 2  

. 0 0 5  

. 0 2 6  

. 0 0 6  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mean . 0 1 7  . 1 4 7  . 1 1 6  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5 0  



5 1  

Tab l e  7 :  E s t ima tes o f  migration ra tes ( Nm )  between the 
s pe c i f ied geograph i c a l  regions o f  gemf i s h  Rexea 
solandri . E s t imates are ba s ed on e i ther Fsr or 
p(l ) s t a t i s t i c s . Two s e t s  of e s t ima tes  are g i ven 
for c ompari s ons between eas tern and we s tern 
Au s tra l ian s pec imens . In the s e c ond , N I 5 4 2  and 
N I 5 4 6  f rom we s tern Ta smania are omi t t ed a s  they 
have an Aa t- 2 a l l o zyme chara cteri s t i c  of the 
We s tern Au s t ra l i an popu l a t i on whi ch is not f ound 
e l s ewhere in the Eas tern Au s t ra l i an data s et . 
The Es t l o c u s  i s  omi tted f rom the ea s t ern 
Au s t ra l ian -New Z e a l and e s t ima te as it i s  ba s ed on 
on ly s even s pec imens in the latter country . 

COMPAR I S ON STAT I S T I C  ESTIMATED Nm 

Ba s ed on Fsr 

EAS TERN - WESTERN 0 . 1 1 6  

EAS TERN - WESTERN 0 . 1 2 8  
No N I 5 4 2  or N I 5 4 6  

EAS TERN - NEW Z EALAND 0 .  0 0 9  

WESTERN - NEW Z EALAND 0 . 1 4 7  

Ba s ed on p(l) 

EAS T ERN - WESTERN 0 . 0 2 5  

EASTERN - WESTERN 0 . 0 6 7  
No N I 5 4 2  or N I 5 4 6  

EAS TERN -NEW Z EALAND 0 . 0 2 3  

WESTERN - NEW Z EALAND 0 . 0 7 3  

1 .  9 0 5 

1 . 7 0 3  

2 8 . 0 2 7  

1 .  4 5 1  

7 . 2 9 7  

1 . 2 7 1  

7 . 5 7 7  

1 . 1 4 8  



Tabl e 8 :  Genet i c  d i s tances between s amples  o f  gemf i s h  Rexea sol andri . The f igures above the 
d i agona l are ba s ed on Nei ' s  unbi a s ed d i s tance and the f igure s be l ow the d i agona l on 
Wr ight ' s  ( 1 9 7 8 ) mod i f i ca t i on of Roger s ' d i s tance . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SAMPLE 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

New South Wa l e s  Ta smania South Au s t . We s t . New Z e a l and 
SAMPLE North Central  South E a s t  We s t  E a s t  Bight Au s t . North We s t  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Northern NSW * *  . 0 0 5  . 0 0 5  . 0 0 7  . 0 0 6  . 0 2 9 . 0 2 2  . 0 2 0  . 0 0 3  . 0 0 2  

Centr a l  N SW . 0 8 7  * *  . 0 0 6  . 0 0 8  . 0 0 8  . 0 2 5 . 0 1 7 . 0 1 7  . 0 1 5  . 0 0 9  

Southern N SW . 0 8 7  . 0 8 5  * *  . 0 1 2  . 0 1 1  . 0 3 0  . 0 2 3 . 0 2 0  . 0 1 4 . 0 1 0  

E a s tern Ta smania . 0 9 8  . 1 0 2  . 1 1 5  * *  . 0 0 9  . 0 2 4 . 0 2 7 . 0 2 2  . 0 1 4  . 0 0 2  

We s tern Ta smania . 1 0 1  . 1 0 7 . 1 1 5  . 1 1 0  * *  . 0 1 2  . 0 1 5 . 0 1 1 . 0 0 7 . 0 0 4  
We s tern Victor i a  & 
E a s tern S outh Aus tra l ia . 1 7 0  . 1 5 7  . 1 7 0  . 1 5 5  . 1 1 7 * *  . 0 0 5  . 0 0 2  . 0 3 3  . 0 2 6  

Great Au s tral ian B ight . 1 5 1  . 1 3 3  . 1 5 0  . 1 6 5  . 1 3 1  . 0 7 6  * *  . 0 0 1  . 0 3 3  . 0 2 9 

We s tern Aus tra l i a  . 1 4 5  . 1 3 3  . 1 4 1  . 1 5 0  . 1 1 3  . 0 5 5  . 0 5 3  * *  . 0 2 6  . 0 2 3 

Northern New Z ea l and . 0 7 1  . 1 2 6  . 1 2 1  . 1 2 0  . 0 9 5  . 1 7 9  . 1 7 9  . 1 6 0  * *  . 0 0 6  

We s tern New Z ea l and . 0 7 4  . 1 0 6  . 1 0 6  . 0 6 8  . 0 8 5  . 1 6 0  . 1 7 0  . 1 5 2  . 0 8 7 * *  

5 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Tab l e  9 :  

LOCUS 

Al l o zyme s of two spec imens of the sma l l  gemf i sh 
Rexea ben ga l en s i s  and f our spec imens o f  the l ong -

5 3  

f inned gemf i sh Rexea an tefurca ta . The f requency o f  
the observed a l l o zyme s wa s 1 0 0 % , except f o r  G- 6-pdh 
in R .  an tefurca ta whi ch had two vari ant s pre s ent in 
equa l f requency . Some a l l o zyme s have the s ame 
mobi l i ty ( and de s i gna t i on ) as tho s e  in the c ommon 
gemf i s h  R .  solandri . Others ( e . g . GPD B in  R .  
ben ga l en s i s ) are s l ower than any s een in R .  
solandri and are given the letter f o l l owi ng that o f  
the s l owe s t  R .  solandri f o rm .  Al l o zyme s f a s ter 
than any in  R .  solandri are ind i c a ted by A ' , with 
A ' ' be ing f a s ter again . For compari s on , the mo s t  
c ommon a l l o zyme s ( > 5 % ) f rom eas tern Au s tra l i an R .  
solandri are a l s o  given . 

R .  ben ga l en s i s  R .  an tefurca ta R .  solandri 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ak B A A 
Aa t- 2 c c c 
Aa t- 3 A A A 
Ada - 1  c B B 
Ada - 2 A A A 
Adh E A '  A , B , C  
Fbp A B A 
Ga - 3-pdh A B A 
Gpd B A '  A 
G- 6-pdh B B :  0 . 5  B 

A :  0 . 5  
Gpi - 2  B A A 
Ldh A A A 
Mdh - 1 A A A 
Mdh - 2 A A A 
Mpi A A A 
6- Pgdh A '  A '  I A 
Pgm A A A 
Pk- 2 A A B 



Tab l e  1 0 : Re s t r i c t i on d i ge s t ion pro f i l e s  o f  Rexea 
solandri in the three ma j or geograph i c  
regions . The capi tal  letters s i gni fy the 
hapl otype for the s pec i f i ed enzyme . Numbers 
o f  individua l s  wi th a hapl otype are wri tten 
above i t s  de s i gnation . Fragment s  pre s ent in 
the hap lotypes are deta i l ed in Tab l e  1 1 . * 

indi cates  spec imens f rom we s tern Ta smania . 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AUSTRAL IA NEW Z EALAND 
EAS TERN WE STERN 

ENZYME 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Al u 1 3 0  3 3 4 
A B A 

Ban II 2 2 2 
A B A 

Cfo 1 2 5  2* 3 7  1 6  
A c B A 

Dde 1 2 7  3 7  1 7  
A B A 

Ha e III 2 2  1 1 6  1 6  
A c B A 

Hin d  III 2 2 2 
A B A 

Hin f  1 3 5 3 5  3 6  1 3 
A B A c D 

Hpa II 1 1  2 1 3  7 3 
A B c A B 

Mbo 1 1 6  9 1 0  1 
A B A c 

Ps t 1 5 1 * 7 9 
A B B A 

Sa u JAl 3 3 5 
A B A 
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Tab l e  1 1 : Fragment s  pre s ent in res triction dige s t  haplotype s o f  
gemf i s h  Rexea solandri . The approximate s i z e s  of the 
f ra gment s are wri tten ( in kb ) in the s ame l ine as the 
endonuc lea s e  name . Where a f ra gment i s  pre s ent i n  a 
hap l o type , II l "  i s  written underneath the re l evant 
f ra gment s i z e . II 0 1 1  indi cates that the f ra gment i s  abs ent 
f rom the s pec i f i ed haplotype . 

Alu 1 . 8 5  . 8 3 . 7 0  . 5 6 . 4 7 
A 0 1 1 1 0 
B 1 0 1 1 1 

Ban I I  1 .  6 0  1 .  0 8  . 8 6 . 6 4 . 5 8 . 3 7 
A 1 1 0 0 1 0 
B 1 0 1 1 0 1 

C f  o 1 1 .  6 5  1 .  5 0  1 .  4 0  1 .  2 0  1 .  0 8  1 .  0 3  . 9 9 . 9 0 . 8 0 . 6 1  . 5 4 
A 1 0 0 1 1 1 0 0 1 0 1 
B 0 1 0 1 1 1 0 1 0 1 1 
c 0 0 1 0 0 1 1 0 0 1 1 

Ode 1 . 7 3 . 5 8 . 4 9 . 4 7 . 3 9 . 3 4 
A 1 0 1 0 1 1 
B 1 1 0 1 1 0 

Hae I I I  . 9 4  . 6 8  . 6 6 . 5 8 . 4 9 . 3 7 
A 1 0 0 1 0 1 
B 1 1 0 1 1 1 
c 1 0 1 1 0 1 

Hind I I I  3 . 0 0 1 .  9 7  1 .  6 5  1 .  5 0  1 .  0 5  . 6 6 
A 0 1 1 1 1 1 
B 1 1 1 1 0 1 

H inf  1 4 . 1 0 3 . 5 0 1 .  8 0  1 .  2 0  1 .  0 7  . 9 4 . 6 0 
A 0 1 0 1 0 1 1 
B 0 1 0 0 1 0 1 
c 0 1 1 0 0 1 1 
D 1 0 0 1 0 1 1 

Hpa I I  1 .  4 5  1 .  3 5  . 9 4 . 8 6 . 8 2 . 6 2 . 5 8 . 4 8 
A 0 1 0 1 1 0 1 0 
B 0 0 1 1 0 1 0 1 
c 1 1 0 1 1 0 1 0 

Mbo 1 2 . 7 0 1 .  8 0  1 .  3 5  1 . 1 5 . 8 9 . 8 1 . 6 1 . 5 7 
A 0 1 1 1 0 1 0 1 
B 1 0 0 1 1 1 1 0 
c 0 1 0 1 0 1 0 1 

P s t  1 3 . 5 0 1 .  8 0  1 .  5 0  . 8 8 
A 0 1 1 1 
B 1 1 0 1 

Sau 3Al 2 . 8 0 2 . 5 0 1 .  7 0  1 . 4 5 1 .  2 5  1 . 1 5 1 .  0 5  . 9 8 
A 0 1 1 1 0 1 0 1 
B 1 0 0 1 1 1 1 0 



Tab l e  1 2 : Nuc l eotide diver s i ty ( above di agona l ) and 
divergence ( be l ow )  among popu l a t ions of gemf i s h  
Rexea solandri c a l cula ted by the REAP DA . exe 
program ( Mc E l roy et a l . ,  1 9 9 2 ) a c cording to the 
f o rmu l a e  of Nei ( 1 9 8 7 ) . 

EAS TERN WESTERN NEW Z EALAND 

EAS TERN AUS TRAL IA 
WESTERN AUS TRALIA 
NEW Z EALAND 

0 . 0 4 3 0 1 0  
0 . 0 0 0 0 0 7  

0 . 0 4 3 7 9 7  0 . 0 0 1 5 4 4  
0 . 0 4 4 2 4 9  

0 . 0 4 3 5 0 0  

5 6  
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Tab l e  1 3 : DNA s equence f or 1 2 8  rDNA o f  gemf i s h  Rexea s o l andri N I 4 0 9  
f rom New Z e a l and 

1 AGGAACATAC ATCCCCTATC CGCCCGGGTA CTACAAGCAT TAGCTTAAAA CCCAAAGGAN 
6 1  TTGGCGGTAC TTTAGATCCC CCTAGAGGAG CCTGTTCTGT AACCGATAAC CCNNTTCAAC 

1 2 1  CTCACCCTCC CTTGTTTATC CCGCTATATA CCGCCGTCGT CAGCTTACCT GTGAGACTAA 
1 8 1  TAGTAAGCAA AATTGCATCG CCAGAACGTC AGGTCCAGGT NTAGCGCATG AGAGGGGAAG 
2 4 1 AAATGGGCTA CATTCGCTAA CGTAGCGAAT ACGAACGATG TACTGAAAAC GTACATCCGA 
3 0 1  AGGAGGATTT AGCAGTAAGT GGAAAATAGA GTG 
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Tab l e  1 4 : Compari s on o f  ( part i a l ) 1 2 S rDNA s equences  between eas tern and 
we s tern Au s t ra l i an s pec imens o f  gemf i s h  Rexea solandri . The se 
s equen c e s  have 9 4 . 8 % ident ity in an 1 1 5  bp overlap . " N "  in 
the N I 5 2 9  s equence refers to ba s e s  that cou l d  not be 
determined . N I 6 6 1  is  f rom N . S . W and N I 5 2 9  f rom we s t ern 
Vi ctoria . 

N I661 

N I529 

N I661 

N I529 

2 1 0  2 2 0  2 3 0  2 4 0  2 5 0  2 6 0  
GTCAGGTCCAGGTNTAGCGCATGAGAGGGGAAGAAATGGGCTACATTCGCTAACGTAGCG 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
GTCAGGTCCAGGTGTAGCGCATGAGAGGGGAAGAAATGGGCTACATTCGCTNATGTAGTG 

1 0  2 0  3 0  4 0  5 0  6 0  
2 7 0  2 8 0  2 9 0  3 0 0  3 1 0  3 2 0  
AATACGAACGATGTACTGAAAACGTACATCCGAAGGAGGATTTAGCAGTAAGTGG 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

AATACGAACGATGTACTGAAAACGTACATNCGAAGGAGGATTTAGCAGTAAGTAG 
7 0  8 0  9 0  1 0 0  110 
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Tabl e  1 5 : Al l o zyme f requen c i e s  in ocean perch Hel i col en us 
percoi des . Numbers in the row headed ( N )  i ndi cate 
s amp l e  s i z e s . Note that s ha l l ow and deep f o rms 
f rom the s ame loc a l i ty are p l a ced s ide -by- s ide . 

AK 

C o f f  s Wollen- Ulladulla Eden Sorrel Fre- G e r a l d ton Shark New 
Ha r b our g ong man t l e  Bay Zea land 

S ha l l ow D e e p  S ha l l ow Deep S ha l l ow Deep Sha l l ow Deep Deep Deep Deep D e e p  

( N )  6 S 6 S 1 3  6 S 4 2 6 S 9 

A 1 . 00 0  1 . 0 00 1 . 0 0 0  1 . 000 1 . 000 1 . 000 1 . 000 1 . 000 1 . 0 00 1 . 000 1 . 0 00 1 . 000 

AAT- 1 

( N )  6 S 4 S 1 3  6 3 4 2 6 S 9 

A 1 . 00 0  1 . 0 00 1 . 0 00 1 . 000 . 9 6 2  1 . 000 . S OO 1 . 000 1 . 000 1 . 000 1 . 0 00 1 . 000 

B . 0 3 8 . S OO 

AAT- 2  

( N )  
A 

AAT- 3 

( N )  
A 

AAT- 4  

{ N )  
A 

B 
ALD 

( N J  
A 

CK 

( N J  
A 

EST- 2 

( N ) 
A 
B 
c 

FBP 
( N )  

A 

FH 

( N )  
A 

B 

GA3 PD 

{ N )  
A 

B 
GPD 

( N )  
A 

B 

GPI - 1  

( N )  
A 

GPI - 2  
( N J  
A 
B 

IDH 
( N J  

A 

B 

LDH 

( N )  
A 

MD H - 1 

( N )  
A 

MD H - 2  

( N )  
A 

ME - 1  

C N l  
A 

6 

1 . 000 

6 

1 . 0 00 

6 

1 . 000 

6 

1 . 00 0  

6 

1 . 0 00 

6 

1 . 000 

6 

1 . 00 0  

6 

1 . 0 00 

6 

1 . 0 0 0  

6 

1 . 00 0  

6 
1 . 000 

6 

1 . 000  

6 

1 . 00 0  

6 

1 . 0 0 0  

6 

1 . 00 0  

6 

1 . 00 0  

6 

1 . 000  

s 
1 . 0 0 0  

s 
1 .  O O O  

s 
1 . 0 00 

s 
1 . 0 00 

s 
1 . 0 0 0  

s 
1 . 000 

5 

1 . 00 0  

5 

1 . 0 0 0  

5 

1 . 00 0  

s 

1 . 0 00 

5 

1 . 00 0  

5 

1 . 000  

5 

1 . 00 0  

s 
1 . 00 0  

5 

1 . 00 0  

s 
1 . 00 0  

5 

1 . 000 

6 

1 . 0 00 

6 

1 . 000 

5 

1 . 000 

6 

1 . 0 0 0  

6 

1 . 0 0 0  

1 . 000 

6 
1 . 000 

6 

1 .  O O O  

6 

1 . 0 0 0  

6 

1 . 000 

6 
1 . 000 

6 

1 . 000 

6 
. 9 1 7  

. 08 3  

6 

1 . 0 00 

6 

1 . 0 00 

6 

1 . 00 0  

6 
1 . 000 

5 
1 . 000 

s 
1 . 000 

5 

1 . 000 

5 

1 . 000 

s 
1 . 000 

5 

1 . 000 

5 

1 . 00 0  

5 

1 . 0 00 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 
1 . 000 

5 

1 . 0 00 

5 
1 . 000 

5 

1 . 000 

1 3  

1 . 000 

13  

1 . 000 

13  

. 9 6 2  

. 03 8  

1 3  

1 . 000 

1 3  

1 . 000 

1 3 

1 . 000 

1 3  

1 . 00 0  

1 3  

. 8 85 

. 1 1 5  

1 3  

l . OO O  

1 3  

1 . 000 

13 
1 . 000 

1 3  

1 . 000 

1 3  

. 9 23 

. 0 7 7  

1 3  

1 . 000 

1 3  

1 . 000 

1 3  

1 . 000 

1 3  
1 . 000 

6 

1 . 0 00 

6 

1 . 000 

6 

1 . 000 

6 

1 . 000 

6 

1 . 000 

6 

1 . 000 

6 

1 . 000 

6 

1 . 000 

6 

! . OOO 

6 

1 . 000 

6 
1 . 000 

6 

1 . 000 

6 

1 . 000 

6 

! . OOO 

6 

1 . 000 

6 

1 . 000 

6 
1 . 000 

5 

1 . 000 

5 

! . OOO 

5 
1 . 000 

5 
1 . 000 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 

1 . 0 00 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 

1 . 000 

5 
1 . 000 

5 

1 . 000 

5 

1 . 000 

3 2 

l .  O O O  1 .  O O O  

2 2 6 

1 . 0 00 1 . 000 1 . 000 

2 2 6 

1 . 000 1 . 000 1 . 000 

4 2 6 

1 . 000 1 . 000 1 . 000 

4 2 6 

1 . 000 1 . 0 00 1 . 00 0  

4 2 6 
. 750 1 . 000 1 . 000 

. 1 25 

. 1 25 

4 2 6 

1 . 000 1 . 000 1 . 000 

4 2 6 

1 . 000 1 . 000 1 . 000 

4 2 6 

1 . 000 1 . 000 1 . 0 00 

4 2 6 

. 083 

1 . 000 1 . 000 . 9 1 7  

4 2 6 

1 . 000 1 . 000 1 . 000 

4 2 6 
. 1 25 

. 8 7 5  1 . 000 1 . 00 0  

4 2 6 
1 . 000 1 . 000 1 . 000 

4 2 6 

1 . 000 1 . 000 1 . 000 

4 2 6 

1 . 000 1 . 000 1 . 0 00 

4 2 6 

1 . 000 1 . 000 1 . 0 00 

4 2 6 
1 . 000 1 . 000 1 . 000 

5 9 

1 .  O O O  1 .  OOO 

5 9 

1 .  O O O  l .  O O O  

5 9 

1 . 000 1 .  OOO 

5 9 
1 .  O O O  1 .  O O O  

5 9 

1 . 0 00 1 . 000 

5 9 

. 6 0 0  1 . 000 

. 4 00 

5 9 

l .  O O O  1 .  OOO 

5 9 
l .  O O O  1 .  OOO 

5 9 
1 . 000 . 9 4 4  

. 056 

5 8 

1 . 000 1 . 000 

5 9 

1 . 000 1 . 000 

5 9 

1 . 000 1 . 000 

5 s 

1 .  O O O  1 .  O O O  

5 9 
l . O O O  1 .  O O O  

5 9 

1 .  O O O  1 .  O O O  

5 9 

1 . 000 1 . 000 

5 9 

l .  OOO 1 .  OOO  
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Cof f s  Wollon
Harbour g ong 
Sha l l ow D e e p  

Ulladulla 

Sha l l ow D e e p  

Eden 

Sha l l ow Deep 

Sorrel 

Shallow Deep 

Fre 
mantle 

Deep 

Geraldton Shark 
Bay 

Deep Deep 

New 
Zealand 

D e e p  

ME - 2  
( N l 6 

A 1 . 0 00 

MPI 
( N l 6 

A 
B 1 .  OOO 
c 

6 PGDH 
( N l 6 

A 1 .  OOO 
B 

PGM 
( N J  6 

s 6 s 1 3  6 s 4 2 6 s 9 

1 . 0 00 1 . 0 00 1 . 000 1 . 000 1 . 000 1 . 000 1 . 000 1 . 000 1 . 00 0  1 . 000 1 . 00 0  

s 6 s 1 3  6 s 4 2 6 s 9 

. 1 0 0  . 1 0 0  

. 9 00 1 . 000 1 . 000 1 . 000 1 . 000 . 9 00 1 . 000 1 . 0 00 . 9 1 7  1 . 00 0  1 . 000 

. 083  

s 6 4 1 3  6 s 4 6 s 9 

. 4 0 0  1 . 000 . 3 7 S  . 7 6 9  . 3 3 3  . 200 . 6 2S . SO O  . 6 00 . 1 1 1  

. 6 0 0  . 6 2S . 23 1  . 6 6 7  . 8 00 . 3 7 S  . 500 . 4 00 . 889 

5 6 4 1 3  6 5 4 6 5 9 
A . 2 50 . 20 0  . 2 50 . 2 50 . 3 4 6  . 3 3 3  . 3 00 . 08 3  . 3 00 . 3 3 3  
B • 7 50  . 800 . 7 50  . 7 50  . 6 5 4  . 6 6  7 . 7 0 0  1 .  OOO • 9 1  7 . 7 0 0  . 66 7 

PLGG 
( N )  4 4 2 1 3  6 3 2 6 S 6 
A 1 . 0 00 1 . 000 1 . 000 . 9 2 3  . 9 1 7  1 . 000 1 . 000 1 . 000 1 . 000 1 . 000 1 . 0 00 

B . 0 7 7  . 0 83 

PK- 1 
( N )  6 4 5 3 1 3  6 3 2 6 S 9 

A 1 . 000 1 . 000 1 . 00 0  1 . 000 1 . 000 1 . 00 0  1 . 00 0  1 . 000 1 . 0 00 1 . 000 1 . 000 1 . 0 00 
PK- 2 

( N l 6 4 5 3 1 3  6 3 2 6 5 9 
A 1 . 00 0  1 . 00 0  1 . 000 1 . 000 1 . 0 00 1 . 000 1 . 000 1 . 000 1 . 000 1 . 00 0  1 . 000 1 . 0 00 

SDH- 1 
( N J  

A 
B 

c 
D 

SDH - 2  

C N J  
A 

TPI 

C N J  
A 

6 

. 25 0  

. 58 3  

. 1 6 7  

6 

1 . 00 0  

6 

1 . 00 0  

4 

. 6 2 S  

. 3 7 5  

3 

1 . 000 

3 4 1 3  6 

. 1 S4  

. SOO • 7SO . SOO . S83 

. SOO . 2SO . 34 6  . 4 1 7  

3 3 1 3  6 

1 . 000 1 . 000 1 . 000 1 . 000 

1 3  6 

1 . 000 1 . 000 

5 

. 3 00 

. 6 00 

. 1 00 

5 

1 . 0 00 

3 

1 . 000 

3 

. 1 6 7  

. 1 6 7  

. 6 6 7  

3 

1 . 000 

2 

1 . 000 

1 . 000 

l 

1 . 000 

2 

1 . 00 0  

6 

. 8 3 3  

. 1 6 7  

6 

1 . 000 

6 

1 . 000 

s 6 

. 7 00 

. 3 00 1 . 000 

s s 

1 . 000 1 .  OOO 

s 9 

1 .  OOO • 9 4 4  



Fi gure 1 :  Map o f  gemf i s h  Rexea solandri spec imens ana lysed . 
Numbers between di agona l s  indi cate s pec imens 
ana lysed f o r : protein e l ectrophore s i s /  mtDNA 
re s tr i c t i on patterns . The letters A ,  B and C 
re f e r  to the broad geograph i c  areas . 
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F i gure 2 :  
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Map o f  ocean perch Hel i co l en us percoi des s pecimen s 
ava i l ab l e  f or s tudy . Numbers betwen d i a gona l s 
ind i c a t e  the s pec imens ava i lab l e /  ana lys ed f or 
protein e l e ctrophore s i s / mtDNA re s tr i c t i on 
patterns . F i l l ed tri ang l e s  indi cate deep f o rm 
s amp l e s , unf i l led triang l e s  indi cate s ha l l ow f o rm 
s amp l e s . 

C\J 
......... 
O') 
......... 
O') 
� 

C\J ......... 
Q CD  
......... ......... 
� CD 

o � ......... � � ......... ......... 
0 � C\J 0 CD ......... ......... -..� o  (;) 

<1 �  
oLO -.. � 0 
(0-.. t:: -.. ......... 
<]LO I'- Cl') 0 

� <l <j  
......... 
C\J 

>. � Q) � c: 'U 

�u 
>. 

Cl) 

Q) ' C\J 0 'U -., :I:  "iii � 
......... 
..q-
� 
C\J 
......... 
LO 
......... 
LO 
<l 

..c:: 
-
"-
Q) 

a.. 

� 
......... ......... 

� CD C\J ......... ......... ......... 
LO 

� 
C\J ......... 
� LO 

� 



F i gure 3 :  Snout l ength o f  gernf i s h Rexea solandri a s  percent 
of s t anda rd length . 
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F i gure 4 :  

. 1 7 

6 4  

Dendrograrn s howing the re l a t i onships between the three ma in 
geographi c groupings o f  gernf i s h  Rexea solandri ba s ed on Wri ght ' s  
( 1 9 7 8 ) Mod i f i ed Rogers ' d i s tance . 

. 1 3 . 1 0  . 0 7 . 0 3 . O D  
- - + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - + - - - - + 

Eas tern Aus tra l i a 

New Z e a l and 

We s te rn Aus tra l i a 



F i gure 5 :  
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Hin f  1 phenotype s o f  gemf i s h  Rexea solandri in a 
Southern B l ot probed wi th l ake trout mtDNA . The 
provenance of the s amp l e s  i s  i nd i c a ted at the top 
of the photograph . W = We s tern Aus tra l i a , S = 

S outh Aus t ra l i a , T = Ta smani a ,  N = New Zea l and and 
E = New South Wa les . 
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F i gure 6 :  Part o f  a 1 2 8 rDNA s equenc ing ge l comparing 
gemf i s h  Rexea solandri s pec imens N I 6 6 2  ( N . S . W . ) 
and N I 4 0 9  ( N . Z . ) .  Lane s are identi f i ed by the 
i n i t i a l  l etters of the ba s e s  at the bottom of the 
photograph . 
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F i gure 7 :  
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Di s tribut i on o f  known gemf i s h  Rexea solandri 
s tocks and breeding area s . Area s are ident i f i ed by 
capi t a l  l etters a s  in F i gure 1 .  
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F i gure 8 :  

. 4 0  

C l u s ter analys i s  o f  o cean perch Hel i co l en us percoi des s amples  
u s ing Wri ght ' s  ( 1 9 7 8 ) Modi f i ed Rogers d i s tance . 
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Appendix 1 .  Covering Letter Copy 

Mr Peter Dunda s - Smith , 
Execut ive Director , 
F i sher i e s  Re s earch and Deve l opment Corpora t i on , 
P . O .  Box 9 0 2 5 , 
Deakin A . C . T .  2 6 0 0 . 

Dear Mr Dunda s - Smith , 

Thi s letter i s  wri tten , on beha l f  o f  Dr John Paxton and 
mys e l f , to c over our f inal report on the FRDC f unded s tudy 
( 9 1 / 3 5 ) ' ' Biochemi c a l  genet i c s  and s tock a s s e s sment of the 
common gemf i s h and ocean perch " .  Wh i l s t , th i s  s tudy wa s 
c a rried out under the guide l ine s in force at the date o f  
contra c t i ng to per f o rm i t , we have endeavoured a s  f ar a s  
pra c t i cable to c ompl ete it a s  per the current guide l i nes . 
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The inve s t i ga t i on ha s been compl eted in a c c ordance wi th 
the t e rms o f  the origina l ly agreed propo s a l . Broad ly s t ated , 
the pri n c i p a l  c on c l u s i on s  o f  the s tudy are that : ( 1 )  There are 
two genet i ca l ly quite d i s tinct s tocks of the c ommon gemf i s h  in 
Aus tra l ian waters ; ( 2 )  c ommon gemf i s h  f rom eas tern Aus t ra l i an 
and New Z e a l and waters may be d i s tinct s tocks but are much 
c l o s e r  gene t i c a l ly than are the two Aus t ra l i an s tocks ; ( 3 )  the 
s ha l l ow and deep f orms of the ocean perch repre s ent two 
d i s t i n c t  spec i e s . 

Two pre l iminary exten s i ons o f  the work were con s i dered to 
be warranted . The s e  were : ( 1 )  a DNA s equenc ing s tudy o f  one 
mi t o chondri a l  gene region in c ommon gemf i s h ; and ( 2 )  a 
pre l iminary a s s e s sment o f  mi tochondri a l  DNA f ra gment l ength 
var i a t i on i n  o c ean perch . The f i r s t  o f  the s e  wa s conduc ted to 
s earch for a f ixed gene t i c  d i f f erence between Au s t ra l i an and 
New Z e a l and f i sh . None wa s f ound in the s e l ected gene , though 
it i s  po s s i b l e  that other genes ( a s recommended f o r  s tudy , 
be l ow ) wi l l  revea l s uch d i f f erence s . The s e c ond wa s c ondu c ted 
to begin i nve s t i ga t i on of what protein e l e ctrophore s i s  has 
reve a l ed as a c omp l ex pattern of populat ion s tructure in o c ean 
perch . 

The tota l c ontribution to the pro j ect by the FRDC has 
been $ 7 1 , 0 3 8 . The c ontribution by the Aus t ra l i an Mus eum has 
been s omewhat inc rea s ed over the ini t i a l  pro j e ctions by the 
t ime requi red f o r  the extens ion work and by i t s  bearing of the 
c o s t s  o f  DNA s equenc ing materia l s . The days s pent by Ors 
Paxton and C o l gan on the pro j ec t  have tota l led 1 5 0  ( co s t : 
$ 2 8 , 3 4 0 ) and non - s a l a ry expendi ture s ( inc luding c on s umables 
and overhead s ) tota l l ed $ 1 1 , 0 0 0 , giving a tota l Mu s eum 
c ontribut i on o f  $ 3 9 , 3 4 0 . I t  i s  not po s s ib l e  to e s t imate the 
c ontribution of others , part i c u l ar ly tho s e  c o l lectors who 
a c t ive ly s o ught s pe c imens f or us , but the i r  input has been 
s ubs tant i a l . 

The impact o f  thi s s tudy wi l l  primari ly oc cur in 
Au s t ra l i a and New Z ea l and . It i s  o f  part i c u l a r  re l evance t o  
f i sheri e s  management i n  the various commi ttees that s e t  quo tas  



f o r  the S outhea s t  Trawl F i s hery and other geograph i c  area s . 
I n  Au s tra l i a , i t  rei n f orces  the cons idera t i on that the two 
c ommon gemf i s h s tocks  mu s t  be treated s eparate ly . The ocean 
perch f i s he ry mu s t  pre s ently be treated a s  compri s i ng two 
s pe c i e s . S t o ck ident i f i cation in the s e  s pe c i e s  requ i res 
f urther inve s t i ga t i on . 
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We pre s ent a s eries  o f  recommendat i ons f o r  the 
app l i c a t i on of the pre s ent re s u l t s  and for f urther 
inve s t i g a t i on in  the body o f  the report . Among the s e  are 
ident i f i c a t i on o f  the s pawning locations o f  the common gemf i s h  
f rom the s outhern /we s tern Au stra l i an s to c k . W e  empha s i s e  the 
potent i a l  of mi cro s a te l l i te DNA ana lys i s  to s o lve the 
rema i ning que s t i ons  of gemf i s h  s tock s t ructure and to 
c omp l ement mi to chondria l DNA s tud i e s  of ocean perch . 

Copi e s  o f  thi s report wi l l  be d i s tributed a s  f o l l ows : 
FRDC 1 0  bound and 1 unbound hard copy , and 1 copy on di skette . 

One c opy each to the l ibraries o f : 
Bureau o f  Res ource Servi c e s , Canberra ; N . S . W .  F i s heries 
Re s earch I n s t i tute , Cronu l l a ; Vi ctorian F i s heri e s  Re s earch 
I n s t i tute , Queens c l i f f ; Ta smani an F i sheri e s , Hobart ; C S IRO 
F i s heri e s , Hobart ; South Aus tra l i a  Res earch and Deve l opment 
I n s t i tute , Ade l a ide ; We s tern Au s tra l ian F i s heri e s , Perth ; New 
Z e a l and F i s he ri e s , We l l ington 

One copy each to the f o l l owi ng individua l s : 
Kevin Rowl ing , N . S . W .  Fi s heri es Re s earch I n s t i tute ; Dave 
Smi th , Vi c torian F i s heri e s  Re s earch I n s t i tute ; Jeremy Lyl e , 
Ta smani a n  F i s heri e s ; Bob Ward , Peter La s t  and Al lan Wi l l i ams , 
C S I RO F i s heri e s ; Danny Turner , Rapti s ,  Port Lincoln ; Jeremy 
McKen z i e , New Z e a l and F i s heries , Auckl and ; Ro s i e  Hur s t , Don 
Robert s o n  and Ne i l  Bag l ey , New Z ea land F i sheri e s , We l l ington ; 
Pat Di xon UNSW ; Richa rd Ti l z ey ,  Bureau o f  Re s ource Service s , 
Canberra . 

On beha l f  o f  John Paxton and mys e l f , I would l ike to 
thank the FRDC f o r  f unding thi s  pro j ect at the Aus t ra l i an 
Mus eum . We have en j oyed the work , and been part i c u l a r ly 
p l ea s ed wi th the extent o f  cooperation we have received from 
f i s heri e s  managers , f i s heri e s  s c ient i s t s  and the f i shers 
thems elve s . 

Yours f a i thf u l ly ,  

Dr Don Colgan 



Appendi x  2 .  Wanted Letter Reque s t ing s pec imens o f  Rexea 
solandri 

GEMF ISH WANTED 

7 1  

A s tudy a t  the Aus tra l i an Mu seum in Sydney i s  t rying to  f i nd 
out how many breeding s tocks of the common gemf i s h  there a re 
around Au s t ra l i a . Biochemi c a l  tes t s  are being c onducted on 
mu s c l e and l iver of gemf i s h f rom eas tern and s outhern 
Au s tra l i a  t o  see  i f  more than one s tock i s  pre s ent , and i f  s o ,  
where the d ividing l ine ( s )  o f  the s e  s tocks are . Re s u l t s  o f  
the s tudy can be u s ed i n  f uture management dec i s i ons  about the 
f i s hery . 

Bec a u s e  the important biochemi c a l  feature s s tart t o  break down 
once the f i s h  a re caught , it is nece s s ary for the f i sh to be 
f ro z en s oon a f ter capture ; f i s h covered only wi th i c e for a 
f ew days wi l l  l o s e  s ome o f  the ir biochemi ca l chara c ters . 

The s tudy needs f re s h l y  f ro z en s pec imens f rom Ta smani a . 
I dea l ly we woul d  l ike 5 - 6  f ro z en spec imens every 5 0  krns to 1 0 0  
krns a l ong both e a s t  and we s t  coa s t s . Each lot s hou l d  have a 
l abe l wri tten in penc i l  giving the depth , date and l a t i tude 
and l ongi tude of c apture . I f  one lot of 5 - 6  spec imens cou l d  
b e  put i n  t h e  f ood f ree zer o f  each ship o n l y  once or twi ce 
during the s ea s on , we should have enough data to answer the 
que s t i on . I f  e a s tern and we s tern gemf i s h  s tocks can be 
c on f i rmed , it wi l l  be important for the management of the 
f i s heri e s  to know how the Ta smanian f i shes f i t  into the 
p i c ture . AND A F EW FRO Z EN S P EC IMENS FROM YOUR CATCH ARE FOR 
THAT I NFORMAT I ON . 

To organi z e  c o l l e c t i on o f  your f ro z en s amp l e ( s ) , p l e a s e  
c onta c t  Jeremy Lyl e  in Hobart ( 0 0 2 ) 2 7 8  8 6 7 . I f  there a re any 
probl ems , c a l l  me c o l l ec t  in Sydney ( 0 2 )  3 3 9  8 1 3 9 . Your help 
wi l l  be grea t l y  appre c iated . 

S incere ly ,  

John Paxton 
Senior Re s earch S c i enti s t  
F i s h  S e c t i on 

P . S .  We wi l l  a l s o  be s tudying , at the s ame t ime a s  the 
gemf i s h  re s earch des cribed above , ocean perch . Thi s  s tudy 
wi l l  be more c omp l ex , a s  more than one s pe c i e s  i s  invo lved , 
and wi l l  be o f  s e condary importance in thi s f i r s t  year . 
However i f  o c ean perch could a l s o  be f ro z en , together wi th a 
l abe l wi th the i r  c apture data ( depth i s  e s pec i a l ly important ) ,  
i t  wou l d  be o f  much he lp to our work . Thanks again . 



Appendix 3 :  
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Tab l e  o f  gemf i s h  Rexea solandri spec imens 
s amp l ed . Area s  are a s  indi c ated i n  Fi gure 1 :  Al , 
f rom northern N . S . W to s outhea s tern Ta smania ; A2 , 
we s t ern Ta smani a ; B l , s outhern Aus t ra l i a  f rom 
we s tern Victoria to eas tern W . A . ; B 2 , f rom 
we s te rn W . A .  f rom Perth to o f f  Shark Bay ; C ,  New 
Z ea l and . N I  NUMBERS - ident i f i cation numbers o f  
f ro z en t i s sue s amp les . AMS REG . I .  - a l l  
spec imen reg i s tration numbers i n  the Au s t ra l i an 
Mu seum f i s h c o l l e c t i on beg in wi th I .  NO ( SL MIN -

MAX )  - the number o f  s pec imens and the i r  ran ge o f  
s tandard l engths i n  mm ;  * indi cates converted 
f rom f ork l ength to the neare s t  5 mm .  
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AREAS NI NUMBERS AMS REGO I NO . ( SL MIN- LATITUDE AND DEPTH DATE COLLE CTOR 

MAX )  LONGITUDE METRES 

A l  
4 5 0  3 1 5 0 1 - 0 0 1  l ( 54 5 )  28D3 3 • s , 1 53D5o • E  2 6 0  2 7  MAY 1 9 9 1  W . PIPER 

4 6 6 - 4 6 7  3 1 5 0 2 - 0 0 1 - 002 2 ( 6 5 0 - 7 4 5 )  2804 o • s , 1 5 3 05o • E  250 18 JUL 1 9 9 1  W . PIPER 

6 1 1  3 3 28 6 - 0 0 2  1 ( 3 4 8 )  2904 o • s , 1 500 1 3 • E  3 6 6  1 5  JUN 1 9 9 2  

4 6 2  3 2 1 1 3 - 0 0 1  1 ( 4 3 6 ) 3 00 1 2  s , 1 5 3D28 ' E  1 4 5  ? ?  AUG 1 9 9 1  

9 1 - 9 4  289 9 8 - 0 0 1 - 0 0 4  4 ( 3 7 0 - 6 4 0 ) 3 00 1 2 • s , 1 5 3 03 1 • E  4 5 0  0 1  AUG 1 9 8 9 T . NYS SEN , NSWF I S H  

4 6 3 - 4 6 4  3 2 1 1 4 - 0 0 1 - 0 0 2  2 ( 2 89 - 29 6 ) 3 0D 1 2 • s , 1 5 3D28 ' E  1 4 5  1 1  OCT 1 9 9 1  

3 5 8 - 3 5 9  3 1 28 0 - 0 0 1 - 0 0 2  2 ( 2 4 4 - 25 6 ) 3 002o • s , 1 5 3 03 o • E  ? ?  JUN 1 9 9 1  T . NY S S E N , NSWFISH 

1 8 2 - 1 86 3 0 9 0 9 - 0 0 1 -005 5 ( 2 1 8 - 2 5 5 ) 3 0D3 1 • s , 1 53D20 1 E  1 3 9 - 1 4 9  09  MAY 1 9 9 ?  K . GRAHAM , NSWFISH 

4 3 7 - 4 9 9 , 4 5 1 - 4 6 0  3 1 50 0 - 0 0 1 - 0 2 3  23 ( 4 6 0 - 88 0 ) 3 3 05o • s , 1 5 1 D4 5 • E  250 22 JUL 1 9 9 1  A . MAIORANA 

4 3 0 - 4 3 6  3 1 4 9 9 - 0 0 1 - 0 0 7  7 ( 7 3 2 - 8 9 4 ) 3 4 0oo • s , 1 5 1 D5o • E  4 5 0  20 JUL 1 9 9 1 A . MAIORANA 

6 1 6 - 6 1 7 , 6 1 9 - 6 2 4 3 3 3 7 3 - 0 0 1 - 0 0 8  8 ( 7 6 5 - 8 5 5 ) 3 4 Do3 • s , 1 5 1 D3 9 • E  4 3 5 - 50 3  2 3  JUL 1 9 9 2  J . PAXTON , T . TRNSKI 

6 5 1 - 6 5 2  3 3 3 7 4 - 0 0 1 - 0 0 2  2 ( 5 8 0 - 7 6 0 )  34 Do3 • s , 1 5 1 D3 9 • E  4 3 5 - 503 28 JUL 1 9 9 2  SYD . MARKT . 
9 5  2 9 3 0 2 - 0 0 1 l ( 24 7 )  3 4 D55 • s , 1 1 5°4 0 ' E  3 9 0  28 JUL 1 9 89 \.I . BELLE 

9 8  29 3 0 1 - 0 0 2  l ( 1 6 2 )  3 4 D55 • s , 1 50D4 o • E  2 3  FEB 1 9 8 9  \.I . BELLE 

6 6 4  3 3 3 5 7 - 0 0 1  1 ( 4 1 0 )  3 5D2o • s , 1 4 9055 • E  2 8  JUL 1 9 9 2  

5 3 7 - 5 4 0  3 2 5 1 7 - 0 0 1 - 0 0 4  4 ( 4 5 5 - 5 7 2 )  3 7 D3 5 • s , 1 4 9D55 • E  3 6 5 - 4 4 0  ? ?  DEC 1 9 9 1  F . DRENKHAHN 

589 - 5 9 1 3 2 7 7 5 - 0 0 1 - 0 0 3  3 ( 3 7 5 - 4 2 7 ) 3 704 o • s , 1 500 1 5 ' E  4 4 8  22 MAY 1 9 9 2  F . DRENKHAHN 

3 6 0 - 3 6 5  3 1 28 1 - 0 0 1 - 006 6 ( 1 5 5 - 1 7 7 )  3 800 4 • s , 1 4 902 1 1 E  1 7 0 - 4 0 0  04 MAR 1 9 9 1  C . NEWMAN 

5 8 6 - 5 8 8  3 2 7 7 4 - 0 0 1 - 0 0 3  3 ( 3 5 1 - 3 6 2 )  3 8°0 1 • s , 1 4 9 059 • E  4 3 9  2 1  MAY 1 9 9 2  F . DRENKHAHN 
6 1 4 - 6 1 5  3 3 3 1 0 - 0 0 1 - 0 0 2  2 ( 6 4 7 - 6 5 0 ) 3 80 1 1 • s , 1 4 9D4 o • E  2 7 4  1 6  JUN 1 9 9 2  F . DRENKHAHN 

1 0 7 0 - 1 0 7 5  3 4 1 58 - 0 0 1 - 0 0 6  6 ( 4 9 6 - 858 ) 4 1 D5 2 • s , 1 4 8°4 5 ' E  4 2 0 - 4 7 0  05 MAY 1 9 9 3  A . WHITE 
6 7 3 - 6 7 5  3 3 3 7 7 -0 0 1 - 0 0 3  3 ( 7 1 9 - 82 3 ) 4 1 053 • s , 1 4 8o08 ' E  4 0 2  2 9  MAY 1 9 9 2  TAS F I S H  
6 9 2 - 6 9 9 , 84 7 - 8 4 9  3 3 5 9 7 -00 1 - 0 0 8  1 1 ( 3 8 3 -4 2 5 )  4 304 2 • s , 1 4 7053 • E  4 0 2  2 5  AUG 1 9 9 2  C S IRO 

A2 
54 5 - 5 4 6  3 2 7 50 - 0 0 1 - 0 0 2  2 ( 2 4 5 - 6 1 6 )  4 3 D4 9 • S , 1 4 6 008 ' E  4 5 0 - 5 5 0  08 DEC 1 9 9 2  C . SHEARER 
54 1 - 5 4 4  3 2 7 4 9 - 0 0 1 - 0 0 4  4 ( 5 7 5- 7 4 9 ) 4 1 05 8 ' S , 1 4 4 03 5 ' E  4 9 5 - 585 1 1  APR 1 9 9 2  C . SHEARER 

B l  
509 - 5 2 3  3 1 50 9 - 00 1 - 0 1 5  1 5 ( 4 0 1 - 5 1 7 )  3 804 5 ' S ,  1 4 1 03 1  ' E  2 0 0 - 2 2 0  22  SEP 1 9 9 1  T . CRAPPER 
524 - 5 3 6  3 2 5 1 6 - 00 1 - 0 1 3  1 3 ( 3 9 5 - 56 9 ) 3 8o l 6 ' S , 1 4 0028 ' E  290 3 0  OCT 1 9 9 1  T . CRAPPER 
6 7 6 - 6 8 1  3 3 5 1 8 - 0 0 1 - 0 0 6  6 ( 4 9 1 - 6 3 1 )  3 7D5o • s , 1 3 904 o • E  3 4 8  28 SEP 1 9 9 2  D . SMITH , VICFISH 
4 6 9 - 4 8 1  3 1 50 4 - 00 1 - 0 1 3  1 3  ( 3 3 5 - 9 0 7 ) 3 70oo • s , 1 3 7Doo ' E  200 10 NOV 1 9 9 1  D . VALENTI 
5 5 7 , 56 3  3 2 7 6 2 - 0 0 1 - 0 0 2  2 ( 4 7 6 - 6 0 0 ) 3 3 04 5 • s , 1 3 2D 1 2 1 E  1 4 5  0 7  MAR 1 9 9 2  N . BRIDGE 
5 6 2  3 2 7 6 5 - 0 0 1  1 ( 6 0 0 )  3 3 °2 1 • s , 1 3 1 D4 2 • E  1 26 - 1 3 0  0 7  MAR 1 9 9 2  N . BRIDGE 
1 7 6 - 1 8 1  3 0 9 1 0 - 0 0 1 - 0 0 6  6 ( 4 0 4 - 5 3 3 ) 3 30 1 8 1 S , 1 3 0053 ' E  1 7 0  2 6  JUN 1 9 9 0  D .  TURNER , SAFISH 

1 5 6 - 1 58 3 0 4 3 7 - 0 0 1 - 0 0 3  3 (  1 4 0 - 1 4 1 )  3 3 025 • s , 1 3 0023 • E  506 26 MAY 1 9 9 0  M . S COTT 
558 - 5 6 1 3 2 7 6 6 - 0 0 1 - 0 0 4  4 ( 4 6 7 - 53 5 )  3 30 1 7 • s , 1 3 00o 1 1 E  1 50 09 MAR 1 9 9 2  N . BRIDGE 

4 8 8 - 4 8 9  3 1 5 0 7 - 0 0 1 - 0 0 2  2 ( 3 7 9 - 4 1 7 )  3 30 1 5 • s , 1 2 104 5 • E  1 3 5  1 1  NOV 1 9 9 1  
1 6 2 - 1 7 5 3 09 1 1 - 00 1 - 0 1 4  1 4 ( 2 7 8 - 3 2 9 ) 3 3 0 1 2 • s , 1 2 1002 1 E  1 3 1  2 5  SEP 1 9 9 0  D . TURNER , SAFISH 

4 9 1 - 4 9 3  3 1 5 0 8 - 0 0 2 - 0 0 4  3 ( 3 1 6 - 3 6 9 ) 3 3 0o4 • s , 1 2604 o ' E  1 2  NOV 1 9 9 1  
4 8 4 - 4 8 7  3 1 5 0 6 - 0 0 1 - 0 0 4  4 ( 2 7 8 - 3 3 6 ) 3 30 1 8 1 s , 1 260 1 5 ' E  1 5 5  1 2  NOV 1 9 9 1  

B 2  

4 9 4 - 4 9 5 , 4 9 9 - 50 2  3 2 7 4 3 - 0 0 1 - 0 0 2  6 ( 3 9 0 -500 ) 3 2029 • s , 1 1 4054 • E  3 3 5  29 NOV 1 9 9 1  A . WILLIAMS , CS IRO 

505 3 2 7 4 7 - 0 0 1  1 ( 8 1 0 )  3 2026 1 S , 1 1 4 05o • E  3 3 4  22  NOV 1 9 9 1  A . WILLIAMS , CS IRO 

4 9 6 - 4 9 8  3 2 7 4 4 - 0 0 1 - 0 0 3  3 ( 3 8 0 - 4 7 0 )  3 2D22 • s , 1 1 4059 • E  3 4 2  29 NOV 1 9 9 1  A . WILLIAMS , CS IRO 

503 3 2 7 4 5 - 0 0 1  1 ( 1 020 ) 3 202 1 • s , 1 1 4059 • E  3 6 6  23 NOV 1 9 9 1  A . WILLIAMS , CS IRO 

506 3 2 7 4 8 - 0 0 1  1 ( 7 7 0 )  3 202 1 • s , 1 1 4 059 • E  3 6 6  22  NOV 1 9 9 1  A . WILLIAMS , CS IRO 

504 3 2 7 4 6 - 0 0 1  1 ( 8 20 ) 3 20 1 2 • s , 1 1 50o5 • E  3 1 1  2 2  NOV 1 9 9 1  A . WILLIAMS , CS IRO 

3 8 5 - 3 9 0  3 1 2 8 5 - 0 0 1 - 0 0 6  6 ( 2 2 5 - 25 8 ) 3 1 04 3 • s , 1 1 4 059 • E  3 9 0 - 4 8 5  1 0  FEB 1 9 9 1  CS IRO S . S URV . 

54 7 - 550 3 2 7 52 - 0 0 1 - 0 0 4  4 ( 3 2 7 - 6 0 0 ) 3 00oo • s , 1 1 4 02 1 1 E  4 8 0 - 4 9 0  08 FEB 1 9 9 1  A . WILLIAMS , CS IRO 

3 9 1 - 3 9 6  3 1 28 6 - 0 0 1 - 0 0 6  6 ( 2 3 2 - 3 3 5 )  29058 1 s , 1 1 4 02 1 • E  3 8 0  08 FEB 1 9 9 1  CS IRO S . S URV . 

3 6 6 - 3 6 8  3 1 2 8 2 - 0 0 1 - 0 0 3  3 ( 3 3 5 - 4 1 2 )  290 1 9 • s , 1 1 305 7 • E  4 9 0 - 50 5  06 FEB 1 9 9 1  CS IRO S . SURV . 

3 7 1 - 3 8 4  3 1 284 - 00 1 - 0 1 4  1 4 (  1 58 - 4 4 0 )  290 1 6 ' S , 1 1 305 7 ' E  3 2 0 - 3 2 5  06 FEB 1 9 9 1  CS IRO S . S URV .  

2 3 5  3 1 1 85 - 0 0 1  1 ( 250 ) 2 102o • s , 1 1 205 2 1 E  2 7 9 - 3 06 03 FEB 1 9 9 1  J . PAXTON , S . S URV . 

2 4 2  3 1 1 6 4 - 0 0 1  l ( 1 9 8 )  24054 • s , 1 1 20 1 1 1 E  3 1 8 - 3 4 4  28 JAN 1 9 9 1  J . PAXTON , S . SURV . 

220 3 1 1 6 3 - 0 0 1  1 ( 3 20 )  24052 • s , 1 1 2°0 1 1 E  4 4 4 - 4 6 8  28 JAN 1 9 9 1  J . PAXTON , S . SURV . 

2 1 3  3 1 1 5 6 - 0 0 1  1 ( 3 0 0 )  23 024 • s , 1 1 3 0o5 • E  3 0 0 - 3 0 2  26 JAN 1 9 9 1  J . PAXTON , S . S URV . 

c 
3 9 7 - 4 1 6  3 1 2 9 0 - 0 0 1 - 0 2 0  20 ( 6 8 0 - 8 6 5 ) *  3 503 o • s , 1 7 405o • E  200 17 JUN 1 9 9 1  J . McKENZIE , NZFISH 

1 03 5 - 1 03 8  3 4 1 4 9 - 0 0 1 - 0 0 4  4 (  ) 3 603 0 ' S , 1 7 60 1 2 ' E  0 6  MAY 1 9 9 3  J . McKENZIE , NZFISH 

1 0 4 6 - 1 0 4 8  3 4 1 5 1 - 0 0 1 - 0 0 3  3 ( 5 6 0 - 7 9 0 ) 3 8004 • s , 1 1 804 6 ' E  2 1 5  1 5  MAR 1 9 9 3  N . BAGELY , NZFISH 

1 04 9  3 4 1 52 - 0 0 1  1 ( 9 20 )  3 904 3 • s , 1 7 7 04 o • E  3 7 4  1 9  MAR 1 9 9 3  N . BAGELY , NZFISH 

1 3 7 - 1 3 9  3 0 1 6 9 -0 0 1 - 0 0 3  3 ( 5 0 0 - 5 2 5 ) 4 1 03 o • s , 1 7 50oo 1 E  1 1 0 02 DEC 1 9 8 9 J . PAXTON 

1 056 3 4 1 55 - 0 0 1  l ( ) 4 60 1 6 ' S , 1 6 603 7 ' E  1 20 1 2  FEB 1 9 9 3  J . McKENZIE , NZFISH 

1 055 3 4 1 54 - 0 0 1  1 ( 8 7 0 )  4 604 7 ' S , 1 6 804 8 ' E  1 1 6 1 0  FEB 1 9 9 3  J . McKENZIE , NZFISH 

1 0 5 7 - 1 06 2  3 4 1 5 7 - 0 0 1 -006 6 (  ) 4 604 7 ' S , 1 6 5059 ' E  1 9 9  1 3  FEB 1 9 9 3  J . McKENZIE , NZFISH 

6 8 2 -6 9 1  3 3 58 6 - 0 0 1 - 0 1 0  1 0 ( 5 5 0 - 8 9 0 ) 4 005 7 • s , 1 1 1 0o8 ' E  4 0 0  1 9  AUG 1 9 9 2  P . McFARLANE , NZFISH 

Rex ea bengalensis 
6 8 , 7 3 289 3 2 - 0 0 1 , 006 1 6 7 - 202 2 7 0o5 • s , 1 54 0o8 ' E  1 50 1 2  MAY 1 9 8 9 

Rex ea an tefurca ta 
1 00- 1 , 29 3 00 - 00 2 , 003 1 9 7 - 3 04 34 055 • s , 1 5004 0 1 E 4 6 0  9 MAR 1 9 8 9  

1 0 9 - 1 1 0 2 9 3 7 8 , 9 - 0 0 1  3 4 0 - 3 5 0  3 4 D53 • s , 1 50D52 1 E  1 9  SEP 1 9 8 9 
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Append i x  4 :  Tabl e o f  Hel i col en u s  percoi des ma teri a l  examined 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N I  AMS REGO I NO . ( SL MIN- LAT I TUDE AND DEPTH DATE COLLECTOR 
NUMB E R S  MAX )  LONGI TUDE METRES 

1 0 6 3  3 4 1 3 3 - 0 0 1  1 ( 2 0 7 ) 2 9°1 0 ' S , 1 5 3 °3 0 ' E  2 2 0  1 0  MAY 1 9 9 3  W . P I PER 
1 0 3 - 1 0 8  2 9 3 2 6 - 0 0 1 - 0 0 6  6 ( 1 7 0 - 2 2 2 ) 3 0° 2 0 ' S , 1 5 3 °1 0 ' E  ( * ha l l ow )  2 2  AUG 1 9 8 9  T . NYS S EN , NSWF I SH 
8 8 2  3 4 0 8 9 - 0 0 1  1 ( 2 5 6 ) 3 0°2 0 ' S , 1 5 3°1 0 ' E  1 8 3  0 2  OCT 1 9 9 2  T . NYSSEN , NSWF I SH 
8 9 0 - 8 9 5  3 4 0 9 4 - 0 0 1 - 0 0 6  6 ( 1 4 0 - 1 4 8 ) 3 3 °4 0 ' S , 1 5 1 °3 0 ' E  1 1 9  0 6  JUL 1 9 9 2  FRV KAPALA 
1 2 - 1 6  3 4 1 9 1 - 0 1 2 - 0 1 6  5 ( 2 6 2 - 3 2 0 ) 3 4°5 5 ' s , 1 5 1 °o o ' E  ( Deep ) 2 0  OCT 1 9 8 8  K . ROWL I NG , NSWF I SH 
1 - 1 1  3 4 0 8 5 - 0 0 1 - 0 1 1  1 1 ( 1 8 3 - 2 6 4 ) 3 5°5 5 ' s , 1 5 0°o o ' E  ( Sha l l ow )  2 1  OCT 1 9 8 8  K . ROWL I NG , NSWF I SH 
5 7 3 - 5 7 9 3 2 7 7 2 - 0 0 1 - 0 0 7  7 ( 2 0 0 - 2 6 3 ) 3 1 °2 1 ' S , 1 50°0 7 ' E  9 2  2 6  MAY 1 9 9 2  F . DRENKHAHN 
5 8 0 - 5 8 5 3 2 7 7 3 - 0 0 1 - 0 0 6  6 ( 2 0 0 - 2 5 3 ) 3 7 °5 5 ' S , 1 4 9 °5 3 ' E  1 3 7  2 2  MAY 1 9 9 2  F . DRENKHAHN 
5 6 7 - 5 7 2  3 2 7 7 1 - 0 0 1 - 0 0 6  6 ( 2 2 6 - 2 4 3 ) 3 8 °0 8 ' S , 1 4 9 °5 9 ' E  4 3 9 - 4 6 6  2 1  MAY 1 9 9 2  F . DRENKHAHN 
1 0 7 6 - 1 0 8 7  3 4 1 5 8 - 0 0 7 - 0 1 8  1 2 ( 2 7 7 - 3 6 8 ) 4 1 o5 2 ' S , 1 4 8 o4 5 ' E  4 2 0 - 4 5 7  0 6  MAY 1 9 9 3  A . WH I TE 
7 5 - 7 9  3 4 0 8 6 - 0 0 1 - 0 0 5  5 ( 1 5 1 - 2 2 2 ) 4 3 °2 0 ' S , 1 4 5°3 0 ' E  1 5 0  2 1  MAR 1 9 8 9  C S I RO FRV SOELA 
8 8 5  3 4 0 9 2 - 0 0 1  1 ( 2 6 7 ) 4 4 °0 0 ' S , 1 4 6 °2 3 ' E  4 5 7  1 8  MAR 1 9 9 3  G . KRAUS 
8 8 4  3 4 0 9 1 - 0 0 1  1 ( 3 0 0 ) 4 1 °4 5 ' S , 1 4 4 °3 0 ' E  4 3 9  0 9  MAR 1 9 9 3  G . KRAUS 
8 8 6 - 8 8 9  3 4 0 9 3 - 0 0 1 - 0 0 4  4 ( 2 5 7 - 3 2 1 ) 4 2°5 1 ' S , 1 4 4°4 5  ' E  4 3 9  1 0  MAR 1 9 9 3  G . KRAUS 
7 4 , 8 0 , 8 3 3 2 4 2 7 - 0 0 1 - 0 0 3  3 ( ) 4 0 °5 7 ' S , 1 4 3 °4 4 ' E  7 7 5 - 8 1 5  0 9  MAR 1 9 8 9  C S I RO FRV SOELA 
8 4 - 8 5  3 2 4 2 8 - 0 0 1 - 0 0 2  2 ( ) 4 0 °5 4 ' S , 1 4 3 °4 4 ' E  8 1 5 - 8 2 0  0 9  MAR 1 9 8 9  C S I RO FRV SOELA 
4 2 4 - 4 2 5  3 1 2 8 8 - 0 0 1 - 0 0 2  2 ( 9 5 - 9 6 ) 3 2 °0 8 ' S , 1 1 5°0 9  ' E  2 2 5 - 2 3 0  1 3  FEB 1 9 9 1  C S I RO . S . SURV 
4 1 8 - 4 2 3  3 1 2 8 7 - 0 0 1 - 0 0 6  6 ( 1 7 0 - 2 0 5 ) 2 9 °1 9 ' S , 1 1 3 °5 7  ' E  4 9 0 - 5 0 5  0 6  FEB 1 9 9 1  C S I RO . S . SURV 
2 4 1  3 1 1 8 4 - 0 0 1  1 ( 2 1 0 ) 2 1 °0 9 · s , 1 1 2°4 5 ' E  3 7 0 - 4 3 8  0 2  FEB 1 9 9 1  J . PAXTON , S . SURV 
2 2 7 - 2 2 8  3 1 1 7 6 - 0 0 1 - 0 0 2  2 ( 2 1 5 - 3 2 0 ) 2 7 °0 5 ' S ,  1 1 2°2 2 ' E  7 1 3 - 7 1 4  3 1  JAN 1 9 9 1  J . PAXTON , S . SURV 
2 2 4 - 2 2 6  3 1 1 7 1 - 0 0 1 - 0 0 3  3 ( 1 5 5 - 1 9 0 ) 2 6°3 8 ' S , 1 1 2 o3 0 ' E  5 0 0 - 5 0 8  3 0  JAN 1 9 9 1  J . PAXTON , S . SURV 
1 3 4 - 1 3 5  3 4 1 8 9 - 0 0 1 - 0 0 2  2 ( 2 3 6 - 3 6 3 ) 4 7 °2 5 ' S , 1 7 9 °3 4 ' E  3 7 4 - 3 7 6  2 1  NOV 1 9 8 9  N . BAGE LY , N Z F I SH 
1 3 6  3 4 1 9 0 - 0 0 1 - 0 0 2  1 ( 3 8 0 ) 4 6°3 l ' S , 1 6 6 °3 4 ' E  5 0 3 - 5 1 7  1 1  NOV 1 9 8 9  N . BAGELY , NZ F I SH 
1 4 0 - 1 4 5  3 0 1 6 6 - 0 0 1 - 0 0 6  6 ( 2 5 4 - 3 1 7 ) 4 6 °3 5 ' S , 1 6 5°4 0 ' E  6 0 0 - 6 4 3  1 1  NOV 1 9 8 9  N . BAGELY , N Z F I SH 






