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Abstract 

Redfish, Centroberyx affinis, were tagged off southern New South 

Wales from the FRV Kapala and from chartered commercial trawlers 

between December 1985 and December 1986. The study aimed primaril;v 

to determine the rate of fishing mortality applying to the redfish 

stock, which had been shor·m from catch curve anal:vsis to have a high 

rate of total mortality. A total of 30,809 redfish were tagged with 

small plastic T- bar anchor tags, and released on trar.rl grounds 

between Crowd.Y Head and Eden. The distribution of tagged fish 

reflected the relative abundance of redfish as determined from the 

distribution of commercial catches and fishing effort. From 

experiments conducted in holding cages, initial tagging and handling 

mortal i t.v was estimated to be approximately 20%. The reporting rate 

for recaptured tagged fish was estimated from tag seeding 

experiments carried out at the Sydne.Y Fish 1"'larket to be consistentl:v 

1 ow, a t..'erag ing only 2(J'lo. 

To December, 1989, recaptures of 137 tagged redfish were reported. 

Approximately one-third of the recaptured fish showed significant 

movements within the study area, but no seasonal migrations were 

apparent. Anal.vsis of the tag returns confirmed that redfish hai"e a 

high rate of total mortality (approximately 7(J'lo per annum). Using 

Gulland' s ( 1969) method, the fishing mortalit.v rate F i:.'as estimated 

to be in the range 0.04 - 0.19, although the result for the 

population as a whole appeared to be towards the lower end of this 

range. The results supported previous findings that redfish are 

relatively slow growing, however growth parameters could not be 

estimated directly from the tag recapture data. 

Analysis of commercial catch per unit effort and catch length 

frequency data for redfish for the period 1970 - 1988 showed 

significant changes in the composition of redfish catches over this 
period. These changes appear to result from the impact of 

exploitation, although the relatively low levels of fishing 

mortality suggested by the results of the tagging study do not 

support such a conclusion. 
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Introduction 

Redfish Centrobervx affinis is an important component of the 

trawl fish catch in New South Wales CN. S.W.). Recent annual 

landings have been about 1,500 tonnes valued in excess of $1 

million. 

In March 1984 estimates of growth and total mortality rates for 

redfish (Diplock, 1984) were discussed at a workshop on Trawl 

Fish Resources, convened by the Demersal and Pelagic Fish 

Research Group of the South Eastern Fisheries Committee. From age 

determinations based on examination of otoliths, redfish were 

found to be relatively slow growing fish, taking 4 - 5  years to 

reach 20cm caudal fork length (LCFl. Estimates of the rate of 

total mortality for the exploited age classes, from 'catch curve' 

analysis of the age composition data, were considered by the 

workshop participants to be quite high (Z = 0. 8-1.3, 

corresponding to annual survival rates of 27-4 5%). It was thought 

that these results may have been indicative of a high rate of 

exploitation (Allen, 1 9 84), and the Research Group supported a 

proposal by the N. S. W. delegate to undertake a tag/recapture 

study of redfish, aimed at estimating the rate of fishing 

mortality. Included in the tagging study were segments to 

estimate mortality due to tagging, and the reporting rate 

applying to recaptured tagged fish. Valuable information on fish 

movements, stock identity, and possible validation of the 

otolith-derived growth curve would also be gained from such a 

study. 

The purpose of this report is to describe the methods used for 

tagging redfish and discuss the results achieved by the various 

segments of the project. In conjunction with the tagging study, 

data on commercial catches of redfish, fishing effort and catch 

length frequency were also analysed, and the results of this work 

are discussed in relation to exploitation rates estimated by 

tagging. 
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Methods 

T a g gin g  of r edfis h wa s ca r r i e d o u t  from the Dep a r t m ent ' s r e s e a rch 

ve s s e l  Kapala and f r o m  charter e d  commercial trawlers at e a c h  of 

the main ports on t h e  N . S . W .  s outh coast. The g eo g raphical 

di stribution of tagged f is h  was appr o x i mately proportional t o  the 

relative abundance o f  r e d f i s h  as indic a t e d  by c o mme r cia l c a tch es. 

Choice of Tag Type 

Th e c h o i c e  of a s uita b l e  t a g  w a s  influenced by th e fact t h a t  

r e d fi s h take n in commerc i a l  catches are s m a l l  f ish, 2 0 -2 5cm 

c auda l for k leng t h  ( LC F) and a b o u t  300g in we i g h t . It wa s also 

intended to tag large numbers of trawl caught fish in s h o r t  

period s  of tim e , t o  t ry and e n s u r e  ma x imum su rvival . S mall 

p l ast ic "T- anc h o r" t a g s  ( FD -6 7  ma d e  by the F l oy Tag Manu f a c t u ring 

C o m p a n y , Se a t t l e , U . S . A . ) wh i ch had been u s ed s ucce s s fu l ly to t ag 

oth e r  tr awl fish s pecies (Rowl i n g , 1 9 8 3 ) we re selected. Davis and 

Reid ( 1 9 8 2 )  indicated that the F D -67 anc h o r t a g s  we r e  s u p e rior to 
s imil ar siz e d  ' da r t '  ta g s  f o r  ta g g i ng s ma l l  f i s h , and t h i s  ha s  

been support ed by the results of more r e c e n t  stud i e s  ( Whit elaw 

and S a in s bu ry ,  1 9 86 ) .  In i tial t r i a l s  ab o a r d  Kapala confirmed the 

suitability of t he anc h o r  t a g s f o r  r e d f i s h , and hel ped d e v e l o p  

app r o p riate t ec hniques for hand l ing t he f ish during t a g g i ng . 

Fiel d tagging of r e d f  i s h  f r om t h e  Kapala commenced in l ate 1 9 8 5  

u s ing ye llo w FD- 6 7  t a g s , with a 30 mm lo n g  sleeve bearing the 

l egend "N S W  Fish" and a serial number . A t  a b o u t  t his t i me , 

Ha l lpr i nt Pty Ltd o f  Ade l aide dev elo p ed a s i m i l a r  t a g  w h i ch was 

mo r e  r o b u s t (l e s s  s u s c e ptab le t o  separat i on of the s leeve f r om 

t h e  an c h o r) and o f  l i g hte r  construction. Because of th e s e 

advan t a g e s , t h e  Ha llpr i nt t a g  w a s  the ma j or t a g  u s ed in th e 

stud y. Tags used were blue in colour (thought to be m o r e  obv iou s 

a g ain s t  th e red background colour of the f ish) and bore the 

wording " N S W  Fis h "  and were numbered ROOOl - R 25000. 

Tagging P r ocedu r e  

Fi s h  t o  be tagged were caught by 30 min u t e - 2 h our dur a t i o n 

t r aw l s  a t  d e pths o f  4 0 - 1 9 7  f a t h o m s . R e d f i s h  d o  n o t s u f f e r  

n o tic e ab l y f r om swim bladder distention, and i t  w a s  found to be 

unnecessary to ' p r ick ' t h e  s wim bladd e r  t o  r e l ease exce s s  

p r e s s u r e . Anaesthetics wer e  not u s ed t o  subdu e  f ish during 

tagging - rather, t h e  empha sis w a s  plac e d  o n  ca refu l and 

expedit ious h a nd l i n g  o f  t he f i sh . Only f ish which appeared to be 
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i n  g o o d  c o n d i t i o n w ere t a g g e d, a l t h ou g h  l i v e ly f i s h w i t h  s l igh t 

dama g e  t o  t h e  s c a l e s  or w i t h min o r  cut s w e r e  occ a s s i ona l l y  t a gged 

and re l e a s e d , and t h e  e x t e n t  o f  dama g e  n o t e d  on the d a t a  s h e e t . 

M o s t  t a g g i ng w a s  c arr i e d  out a t  n i g h t , due t o  t h e  m o r e  c o n si s t ent 

avai l abi l i ty o f  r e d f i s h  from nig h t  tim e tra w l s  during t h e  p e riod 

i n  wh i ch t a gg i n g w a s  und e r tak e n  . 

Th e cat c h  wa s l an d e d  o n  t h e  deck a n d  l i ve ly red f i s h were qu i ck l y  

p l ac ed in t o  4 00 l i t r e  h o l d i n g t a n k s f i l l e d with c i rcu l a t i ng 

s e awa ter s u pp l i e d b y  t h e  v e s s e l ' s d e c k  h o s e . F i s h  w e r e  a l l o w e d  to 

s e t t l e  in t h e  t ank s f or 1 0  - 1 5  m i nu t e s, t h e n  tho s e  whic h 

a p p e a red t o  be un i njur e d  and s w i mm i n g n o rma l l y were r e tr i e v e d  

w i t h a d i p  n e t , m e a s ur e d  a n d  t a g g e d . On c o mmerc i a l  t r aw l er s , f i s h 

were me a su r e d  t o  t h e  n e are s t  c m  b e l ow t h e  a c tua l l e ng t h  t o  t h e  

c auda l f ork , h o w e v er a b o ard Kapala c auda l f o rk l e n g t h  w a s  

m e a sur e d  t o  t h e  n e ares t mm. 

Ta g s  we re i n s er t e d  i n t o  t h e  mus c u l a t ur e  b e l ow the d o r s a l  fin on 

t h e  left side o f  t h e  b o d y  by me an s  o f  a t r i g g e r  o p era t e d  

app l i c a t o r . Th e n e e d l e o f  t h e  app l ic a t or w a s  ins e r t e d  b e t w e e n  t h e  

s c a les , dir e c ted a n t erior ly a t  a n  a n g l e  o f  ab o u t  45° b e tw e e n  t h e  

p t ery g i ophore s a t  t h e  b a s e  o f  t h e  d o r s a l  f i n . C ar e  wa s t a k e n  t o  

e n s ure t h a t  t h e  ' T-b ar' a n c h or w a s l o c k e d  b e h i nd t h e  

p t e r y gi o ph o r e s  b y  a s lig h t  ro t a t i o n  o f  t he a p p l i c a t or pr i or t o  

r emo v a l  f r o m  t h e  f i s h . R e d fis h have a s o l i d b o n e  s truc t u r e  wh i c h 

p r o vide s  g o o d  anchora g e  f or t h i s  t y p e  o f  t a g  a n d  c orr e c t ly 

i n s ert e d  ta g s  were di f f i c u l t  t o  r e m o v e  by pu l l i ng o n  t h e  

pro trud i n g t a g . 

Fish tagg e d  a b o ard Kapala w e r e  p l ac e d i n  h o l d i n g  t a n k s  f or 

o b serva tio n pr i or t o  re l e a s e , but o n  t h e  c o mme r c i a l  t r a w l er s  fis h 

w e r e  r e l e a s ed i mm e d i a tel y a f t e r  t a g g i n g . T o  l e s s en hand l i ng t i me, 

s o m e  f i s h  from o c c a s i o na l l a rge s h o t s  a b o ard comme r cia l traw l e r s  

w e r e  t agg e d  a nd r e l e a s e d with out bein g mea s ur e d , s o  t h e  number 

m e a su r e d  w a s  s om e t i me s  l e s s  than t h e  number t a g g e d . 

As s e s sment of Tagging Mo r t a li tv a n d  T a g  Lo s s  

I n  any t ag g i n g  study aim e d  a t  e s t i ma t i ng m o r ta l i t y ra t e s  o f  f i s h  

p o pu l a ti o n s, i t  i s  i m p o r t an t  t h a t  t h e  e f f e c t s  o f  c ap tur e , 

handling a n d  t a g g i n g  be t a k e n  in t o  acc oun t in a n y  re s u l t a n t  

a s s e s s m e n t  o f  m o r t a l i t y  ra t e . 

Mort a l i ty of r e d f i s h  c aus e d  by the actua l i mplan t a t i o n o f  th e t a g  
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wa s stud ied by a s pec i fic ex pe r i ment , wh i c h i n v o l ved o b s e rving 

t a g ged and un t a g ged f i s h  in s pec ially c on s t ructed h o l d i n g  p e n s  

fo r a per i o d  o f  seven days. The methodol ogy a n d  resul ts o f  t h i s  

study a re out l i n ed i n  App e ndix 2 .  

T h e  l o n g  term (g reater t h a n  seven days ) effect s  o f  tagg i ng o r  the 

r ate o f  ta g loss wer e no t i n ves tiga ted, due t o  the n o n

a v ail ab i l ity of a s u i t able secondary tag . Ope r c u l a r  s t r ap ta gi, 

o f  the type u sed i n  p rev i o u s  s t ud i e s  o n  jac k a s s m o rwong ( S m i t h 

and R o w ling , 1 9 8 6 )  we r e  c onsidered t o  be to o i n c on sp i c uous when 

u s ed i n  the s mall size requ i red t o  p r e v e n t  exc e s s i v e  damage to 

the f i s h , and wou l d  hav e b e e n  ve ry tim e c o n s um i ng to app l y. 

C ro s s l and (1 9 7 6 ) disc o n t i nued double t aggin g  o f  snappe r  bec a u s e  

of i n j u r y  be i n g cau sed to t h e  f i s h  by t he additio n a l  h and l i n g 

requ i red. 

Tag Rec o very and Est i ma t i o n of Repo rt i ng Rate 

A rewa r d  of $ 5  w a s  pa i d  f o r  the retu r n  of eac h  tag ged fis h 

together w i t h i n f o rmat i o n  on where the fis h w a s  f o und and , i f  

p o s s i b le , where it wa s c a ug ht. Pub l i city a b o ut the p r oject and 

h ow to rep ort rec aptu red t agged fis h invo l ved d i s p l a y  o f  reward 

p o s ters at fishermen's c o - o perati ves a n d  the S ydney F i sh Market . 

I n f o rma t i o n w a s  a l s o  d i ssem i nated i n  Depa rtmen tal Kapala C r u i se 

Rep o rts wh i c h  a re c i r c u l ated to licen s ed trawl fishe r men. 

Disc o very o f  rec aptu red tag ged f i sh c o u l d  t a ke p lace i n  s ever a l  

l o c at i o n s : a b o a r d  the c at c h ing vessel , a t  the po i nt o f  land i ng , 

at the who lesa l e  mar ket o r  du r i n g  l ater han d l i n g  o r  fi l letin g. I t  

wa s not possible to ' seed ' tagged fis h  into c atches be f ore 

l anding on dec k , s o  the t r ue rep o rt i ng r a te during the prima ry 

h and l ing stages c o u l d  not be d i rect l y  ascertained . I t  i s  likel y 

th at tag ged f i s h  not f o und d u r i ng t h e  p rima r y  handling sta ges 

(per haps b e c au s e  of bu lk h and l i ng of t he fish) c o u l d  s ti l l be 

found at a l ater s ta ge. 

The majo r i ty of the redfis h c atc h is marketed t h r o ug h  t he S ydney 

Fis h Mar ket . A ser ies o f  experiments was t h e re f o re c a r r ied o ut, 

in wh ich tagged f i s h were dist r i buted amo n g st c o nsignments of 

red f i s h p r i or to s a l e , t o  estimate the repo rtin g rate appl i c ab l e  

f o r  red fis h p a s s i n g  th rou g h  t h i s  m a r ket . T hese experiment s  

i nvo l ved the r a ndom p l acement o f  10 t a g ged r e d f i s h  amo ng s t  d a i l y  

c on s i gnment s (a l l  p o r ts c ombined) o f  300 t o  1000 b oxes o f  

red fish , p r io r  to the sale o f  t he fish t h r o ugh t he n o r m a l  auction 



5 

pr o c e du r e. T h e  numbe r o f  t a g g e d  fis h subs equ entl y r e p o r t e d  wa s 

n o t e d . On two o c c a s i o n s , th e buye r s  o f  boxe s i n t o  wh i c h  tag ged 

f i s h h ad b e e n  p l ac e d  w e r e  tr a c e d  and c o n tac t ed t o  a s c e r t a i n  i f  

the y h a d  f o und the ta g g ed f i s h  a n d  i f  s o , why t h ey h a d  n o t  

repo rted i t . 

Da ta An a l vsis 

Metho ds f o r  e s t i ma t ing m o r t a li t y  r a t e s  f r o m  t h e  r e s ult s o f  

tag g i ng s t u d i e s  h a v e  b e e n  d etail e d  b y  Pau lick (1963) and Gul land 

( 1969), and t h e  p r a ct i c a l  di f f i c u l t i e s  encounte r ed wit h  c o mmonly 

u s e d  meth o d s  we r e  d i s c u s s e d  by Jo n e s ( 1 9 7 7) . Wh e r e  tag g i ng i s  

c a rr i e d  o ut o n  m o r e  than o n e  o c c a s i o n , i t  i s  d e s i r able th a t  t h e  

d i f f ere n t  r e l e a s e s  b e  tr e a t ed i nd e p e nd e nt l y , h owe v er s uc h  

anal y s e s  a r e  n ot p r ac t i c al in t h e  c u r r e nt s t udy be c au s e  o f  the 

l ow n umbe r and i r r e g u l a r i ty o f  return s f r o m  i nd i v i du a l  ta g g i n g 

o p e r a tio n s  ( s e e  Tab l e  1). F o r  th e pu r p o s e  o f  an a ly s i s , t h e  

resul t s  o f  th i s  study w e r e  'a v e ra g e d' a c r o s s  a ll t h e  t agg i n g 

epi s o de s , th e d a t a  b e i n g  tr e a t e d  a s  i f  all t h e  f i s h h a d  be e n  

tag g e d  a t  th e s am e  po i nt i n  t i me . T h e  n umbe r o f  r e c a p t u r e s  (nr 

i n  s uc c e s s i v e  tim e  i n t e rv a l s  ( i n  t his c a s e  T = 1 y e a r) c a n  then 

be u s e d  to e st i mate th e i n s t antan e o u s  c o - e f f  i c i e nt s  of fishing 

mo r t ality ' F ' and nat u r a l  m o r t alit y  ' M '  ( Gulland , 1969). 

M o rta l ity r ate s w e r e  a l s o  c alc u l at e d  f or th e ta g g i n g o p e rat i o n  

wh i c h  r e s u l t e d  in th e h i g h e s t  r e c aptu r e  r a t e , a s  an i ndica t i o n of 

the max i mum l i k e ly exp l o i t at i o n  r a t e  f o r  r e df i sh . 

An a s s e s s m e nt o f  r e d f i s h  c atc h p e r  u n i t  o f  fishin g  e f f o rt (CPUE) 

by c o mm erc i a l  t r a w l e r s  was m ade f r om landin g s  data ava i l ab l e  fr o m  

f i s h e rm e n ' s  c o - o p e r ative s  a n d  t h e  N.S.W. F i s h  Ma r k e tin g 

Auth o r i ty . T h e  m o nth ly r e df i s h  c a t c h  o f  eac h t r a w l e r  w a s  d i v i d ed 

by th e v e s s e l ' s  unde r d e c k  to n n a g e  (a me a s u r e  o f  g r o s s  tonn age -

s e e  B o d e n , 1966), and th e r e s ults w ere avera ged acro s s  all 

ve s s e l s  f o r  wh i c h  data we r e  a v a i l ab l e  f o r  t h a t  m onth . 

Annua l l e n g t h  fre qu e n cy d i s t ribut i o n s  w e r e  d e t erm i n e d  f o r  r edfi sh 

ca u g ht at a l l  th e ma i n  p o rts of l an din g f r o m  me a s ure m e nts made a t  

th e Sydney F i s h  M a r k e t . Samp l e s  f o r  m e a s u r ement g e n e r a l ly 

c o nsi s t e d  o f  2 to 4 bo x e s o f  f i s h, r ando m ly s e l e ct e d  f r om 

con s i g nm e nt s  to th e m a r k et . 
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Results 

R e l e a s e  Data 

A fte r o b s e rvat i o n  i n  ho l d i n g t a n k s  ab o a r d  Kapala, 9 8.4% o f  f i s h 

t a g g e d we r e  judg e d  t o  be s u i table f o r  r ele a s e . Upon r e l e a s e, 

t a g g e d  r e d fi s h de s cen d e d  r ap i d l y , s w i mm i ng str ongly to w a r d  th e 

s e a  b e d . On s eve r al o c c a s i o n s , t ag g e d  f i s h r e l e a s e d  wh i l e  t h e  

n e xt s h ot wa s bein g  t o w e d  we r e  r e c aptu r ed i n  th at s h ot, 

i nd i c a ting a r ap i d  d e s c e n t  to th e s e a  f loo r . 

A to tal o f  30,809 r e d f i s h w e r e  t ag g e d  a n d  r e le a s e d  o n  tr awl i n g  

g r o u nd s  b e twe e n  Cr o wd y  H e ad and E d e n  : 22, 3 9 5 f r om t h e  Kapala and 

8 , 4 1 4  f rom c h arte r e d  c o mm e r cia l t r awle r s  (T able 1). Of th e f i sh 

r e l e a s e d  f r om Kapala 1 0 , 7 8 0  w e re t ag g e d  w i th y e l l o w  c o l o u r e d  

F D - 6 7  tag s . T h e  r ema i ning 1 1 , 6 1 5  f i s h  ta g g e d  a b o a r d  Kapala and 

a l l  f i s h t a g g ed a b o a r d  c o mm e r c i a l  t r aw l e rs ,  we r e  ta g g e d  w i th b l u e  

c o l o u r e d  t a g s m a d e  by Ha l l p r i n t . 

R e l e a s e s  o f  t a g g e d  f i s h w e r e  r e a s o nab l y  eve nly d i s tr i buted ove r 

t h e  p e r i od f r o m  D e c e mb e r  1 9 8 5  t o  D e c e mber 1 9 86 (F i g u r e  la) . 

A l t h o u gh tag g e d  f i s h  w e r e  d i s t r i buted f r om C r o wdy H e ad in th e 

n o rth t o  Eden i n  th e so uth , a b o ut 87% w e r e  r e l e a s e d  o n  g r o unds 

betw e e n  Sydney and U l ladu l l a (F i g u r es 2 and 3). Mo s t  (82% ) o f  t h e  

f i s h t a g g e d  ab o a r d  Kapala we r e  r e l e a sed o n  t r aw l i n g  g r o unds 

b etw e e n  Br o k e n  Ba y a n d  Sh o a l h av e n  B i g h t  ( F i g u r e  2). T ag g i ng f r o m  

c h a rte r e d  c o mme r c i a l  t r aw l e r s  w a s  c a r r i e d o u t  f r o m  th e p o r t s  o f  

W o l l o n g o n g , U l l adu l l a , B e r m a g u i and E den . A l t hou g h  f i s h we r e  

t a g g e d  f r o m  t r aw l s  c a r r i e d o u t  a t  d e p t hs r a n g i n g f r o m  40 t o  1 9 7 

f a thom s ,  ab o u t  9 5% o f  f i s h tag g e d  w e r e  cau g ht i n  d e p t h s between 

5 0  and 70 f atho m s .  

T h e  l e n g t h  f r e qu e n c y  d i s t r i bu t i o n s  o f  f i s h t a g g e d  ab o a r d  Kapala 

a r e  s et o ut b y  a r e a  i n  A p p e n d i x  1 ,  w h i l e t h o s e  f o r  r e d f i s h tag g e d  

f r o m  c omme r c i a l t r aw l e r s  at e a c h  o f  t h e  ma i n  p o r t s  a r e  s hown i n  

F i g u re 4. 

As s e s s ment o f  Tagging Mo rta l i ty and T ag Los s . 

T h e  r e s u l t s  f r o m  t h e  tag ging m o rta l i ty e x p e r i me n t  ( App e nd i x  2 )  

i nd i c a t ed th a t  s h o rt ter m  m o r t a l i t y  o f  r ed f i s h wa s ma i n l y  due t o  

th e e f f e c t s  o f  c a ptu r e  and h and l i n g , and m o rta l i ty a t t r i bu t ab l e  

to th e actual ta g g i n g  wa s o f  l e s s e r  i mp o r t ance . D u r i n g  t h e  

e x pe r i ment , m o rtal i ty o f  abo u t  1 5 % o c c u r r ed du r i n g  th e f i r st 24 
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h o u r s  ( wh e t h e r t h e  f i s h we r e  t a g g e d o r  n o t). Afte r o n e  w e e k  t h e  

obs erv ed mort a l i t y  wa s 22% f o r  t a g g e d  f i s h and 17% f o r  u n t a g g ed 

fis h. The dete rio r a t i n g  c o n d i tio n o f  t h e  f i s h at t his time w a s  

pr obab l y  at t r i b u t ab l e  t o  t h eir be i n g  h eld i n  cap tivit y i n  

r e l a t i v ely s h a l l o w w a t e r  a n d  t h e  e xpe r i m e n t  wa s t e rm i na t ed . I t  

w a s  a s s umed t h a t  t h e  d i f f er e n c e o f  5% i n  t h e s e mort a lity r at e s  

w a s  due t o  t h e  e f f e c t  o f  t a g g i n g . 

Un f o rtunately, it w a s  n o t  po s s i b l e  t o  d e sig n a s u i t able 

expe r i me n t  t o  d e t ermine t h e  l e v e l  o f  m o r t ality du e t o  c ap t ure a nd 

h a nd l i n g  f o r  t h o s e  fis h t hat were r e l e a s e d, becau s e  a l l  s u c h  

expe rim e n t s  w o u l d  n e c e s s a r i l y i nvo l v e  c o n f i n e m e nt o f  t h e  f i s h a t  

a depth s uit ab l e  f o r  o bs e r v a t i o n. I t  i s  l i k e l y  t h a t  t h e  15% 

h and l i n g mort al i t y  o b s erv e d  in t h e  abov e  e x p erim e n t  i s  gre a t er 

t h a n  t h a t  app l i c ab l e t o  fis h t h a t  w e r e  r e l e a s ed , a s  t h e  

e x p er i me ntal f i s h w er e  h e ld i n  t a n k s  abo a r d  Kapala f o r  t w o  t o  

t h r e e  h o u r s  and the n c o n fin e d  in s h a l l o w w a t e r  f o r  a f urt h e r  

we e k . Howeve r , in t h e  abs e n c e  o f  m o r e  r e l i ab le e s t i m a t e s , i t  i s  

c o n sid e r ed appr o p ria t e  t o  r e d u c e t h e  number o f  v i ab l e t a g g ed f i s h 

r e l e a s ed by 1 5% to c o mpe n s a t e  f or h a n dl i n g  m o r t al i ty , and a n  

addit i o n a l  5 %  t o  c o mpe n s a t e  f o r  s h o r t  t erm t ag ging m o r ta l i ty .  

This c ombin e d  m o r t a l i t y ra t e  o f  20% i s  i de n t i c a l  t o  t h a t  found by 

Le aman et al (1979) f o r  s h ort t e rm m o r t a l i ty o f  t a g g e d  j uv e n ile 

pacific c od , a l t h o u gh in t h a t  c a s e  mort a l i ty was f o und to b e  

e ntir e l y du e t o  c a p t ur e  and h a ndlin g , a n d  w a s  n o t  i n c r e a s e d  b y  

t a g g i ng. 

R e c aptu r e  In f o rm a t i o n 

R e c ap t u r e s  o f  t a g g e d  redfis h w e r e  r e po r t ed v e ry s o o n  a f t er 

ta g g i n g c o mme n c e d , and t h e  r a t e  o f  r e c ap t ur e s pe ak e d  in t h e  

spr i n g  o f  1986 ( Figure lb) . T h e  m o n t h ly di s t r i bu t i o n o f  

re c apture s s h o w s  t h a t  peak s o c c u r  i n  r e c ap t u r e s  i n  l a t e  Aut umn 

(Apr i l -May) and S p rin g (October-No v e mber) o f  e a c h  y e ar , h o w eve r 

c l o s ure o f  t h e  g em fi s h  fis h er y  in t h e  Ju l y -Aug u s t  1988 per i o d  

c o i n c i ded wit h  a n  incre a s e  i n  t h e  n umb e r  o f  r e c ap t ure s r ep o r t e d  

i n  t h a t  pe r i od , p r e s umabl y d u e  t o  tran s f e r  o f  fis h i ng e f f ort t o  

r edf i s h . Tag g e d  f i s h c o n t i nu e d  t o  b e  re c ap t ured u n til N o v embe r , 

1989. 

In mo s t  c a s e s , o n l y  a ' g e n e r a l ' a r e a  o f  r e c apt u r e  w a s  a v ai l able , 

be c au s e  t h e  t ag g e d f i s h wa s k n o wn t o  h av e  b e e n  c a u g h t  by a 

t raw l e r  whic h f i s h e d  from a s p e c i f i c  p o r t. Th e s t ud y  are a w a s  

t h ere f ore s t r a t i f i e d i n t o  b r o ad zone s c o r r e s p o nd i ng t o  t h e  are a s  
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fis hed by t r awler s f r o m  t h e  ma j o r po r t s .  To December 1989, 

r ecaptu r e s  of 1 37 tagge d r e dfis h  h a d  be e n  reported and ve rifie d. 

A summary o f  t he time at liber ty of thes e r ecaptur e s  by locat i o n  

tagged ( Tab l e 1) s hows wide va ria tion i n  the tempo r a l  pattern of 

recaptures f r om individua l t agging o pe r ations. 

Because f ish w e r e  t agge d  aboa r d  Kapala u sing both blue and yellow 

colou r e d  t ags made by diffe r e n t  m anufacturer s ,  t he r e l ative 

recapture r ates and t he mean number of d ays a t  libe r t y  w e r e  

compa r e d  f o r  e ach t ag colour ( Tabl e 2 ) . Th e y e l low colou r e d  tags 

were recaptured a t  doub l e  th e r a te of th e blue t ags for fis h  

t agged abo a r d  Kapala howeve r th i s  wa s s ti l l  only about two-th i rds 

of t he recapture r a te observed f o r  b l ue t ag s  used f r om co mmerc i al 

t r aw lers. Fis h t agge d  aboa r d  Kapala als o show e d  a much s h o rter 

ave r age time at l ibe r ty be f o re recapture th an t h ose tagg e d  aboa rd 

commercia l t r aw lers (Tab l e  2 ) . This res ult is surp rising, as f i s h 

t agged abo a r d  comme rcial t r awler s were re lea sed o n  regu l a r ly 

wo rked commercia l gr ounds ( of t e n  amongs t o pe r a t i ng t r awler s ), 

wh e r e a s  many o f  t he fis h t agged abo a rd Kapa l a  w e r e  released on 

gr ound s w o rked only ir regula r ly by commer cial t r aw l e r s . 

Info rma tion o n  movement s o f  recaptured fish is summa rised in 
. 

Figures 2 and 3. A l t h ough m o s t  t agged fish were recaptured in t he 

s ame gene r a l  a rea i n  which t hey were relea s ed, 4 0  (33% o f  t he 

t ota l ) recaptured fis h whos e l ocat i on was r e l i ably known had 

moved at least to t he adj oining a rea. Of these, 18 t agged fis h 

had mo ved app r oxima te dis t ances between 2 0 0  and 4 0 0  Km. Th e 

majo r ity o f  mo vements w e r e  i n  a sout her ly direc tion, but this 

cou l d  be due to t he f act t h a t  m o re fish were tagged in t he 

no r t hern pa r t  o f  t h e  r ange. The l ack o f  appa rent rel ations hip 

between t he time a t  liberty and t he dist ance moved f r om t he point 

o f  release (Figure 5 )  suggests r andom mo vement with in t he study 

a rea wit h no seasona l o r  cyc lica l t rends. 

The s i ze dist ribution ( a t t agging ) o f  recaptured fish ( Figure 6 )  

is sim i l a r  t o  t he size dist r i bution o f  a l l  t agged fish , which 

indica tes n o  size-re l a ted e f fects o f  t agg i ng or recapture. 

However, during one t agging o pe r a t i on ( a t Bermagui in Februa ry 

1986) a l a rge p r o po r t i on ( 37%) o f  t he fis h  t agged were less than 

18 cm LCF, which was the lengt h o f  the sma l lest tagged fis h 

repo r ted recaptured f r o m  t his o pe r a tio n. This suggest s  t h a t  fis h 

less t h an 18 cm LCF may no t h ave sur vived t he tagg i ng proc e dur e 

a s  wel l as t he l ar ger fis h, o r  that these fish were no t fu l l y 

vul nerab l e  t o  l a ter recapture. 



9 

Nea rly 14% of rep o r ted recap t u re s  w e r e  f o und ab o a r d t he c atc hing 

ves sel (Tabl e  3 1 . A fu r the r  5.8% w e r e  found a t  the point of 

landing (u s u a l ly a f i s her men' s c o-ope r ativ e), ho wever the 

majo r i ty ( 7 5 . 9%) of t agged fi s h  were f ound by buyer s a n d  

f i l leter s a t  t he S ydney Fi s h  Market. Two f i s h  were rep o r ted 

reca p t u red by rec r e at i ona l fishermen and one by a p ro fe s s i onal 

h andline fisher m a n  ( t hese res u l t s  wer e  exc luded from the analysis 

of rec aptures by the tr aw l  fi s h e ry ) . 

To da te, t he l onges t per i o d  o b s e r ved bet ween relea s e  and 

recaptu re fo r a tagged redf i s h  i s  1290 d a y s , or 3 yea r s  and 7 

mont h s ( s ee Figure 7). The mea n  time at l i ber t y f o r  a l l  

recaptu res of t agge d  redf i s h  i s  in exc e s s  of 36 0 d a y s  (Tab l e  2 1, 

whic h indica tes g o o d  l ong-te rm retention o f  tag s i n  t h i s  s tudy . 

Evidence for Schooling. 

A tendenc y f o r t a g ged red f i s h  t o  remain togethe r in s choo l s  is 

s u g ge s ted by t h e  f o l l owing rec aptures: 

il Two f i s h tagged on 10/2/86 o f f  Mont ague Is l and were bo t h 

r e c aptu r e d on 29/9/86 by a Ber magui based t r aw ler and f ound at 

t he point o f  un l o ading . 

i i l Th r ee t agged fis h were found in one box c onsigned t o  the 

Sydney F i s h M a r ket by a Sydney based t r aw ler on 14/4/87 - a l l  the 

fish were tagged abo a r d  Kapala o ff Sydney, two f r om the same 

c a t c h  on 24/3/86 and t he third in t h e  same a rea on 2/4/86 . 

iiil Four t agged fis h, a l l  tagged from a c ommercia l trawl e r  off 

Eden on 21-22/4/86 we r e  found in a consignment f r om an Eden ba s e d 

tr awler to the Sydney Fis h  M a r ket o n  16/4/87. 

i v) F ive redfi s h, again t agge d  o f f  Eden f r om a c ommer cial 

traw ler on 21-22/4/86 , we re c augh t t oge t her by an E den ba sed 

tr awler on 15/3/89 in t h e  same gene r a l  a rea in whic h t hey were 

t a g ged. 

On t he other h and, s ome simu l taneous rec a p tu r e s  p r o vide e vidence 

fo r aggregation o f  red fi s h  f r om div e rse t agging oper atio n s :  

ii Three t agged fis h rec a p tured by a Bermagui ba s ed t r awler 

on 15/7/86 had extremely div e rse origins - one wa s tagged f r o m  a 
c ommercia l tr aw l e r  off Ul l adu l l a  o n  9/12/85; o ne w a s  tagged from 

Kapala off Sydney o n  24/3/86 ; and o n e  wa s tagged fr om a 

c ommer cia l trawl e r  o f f  Eden on 21/4/86 . 

ii) Th ree tagged fish found in a consignment f r om Be rmagui c o

op to the Sydney Fis h  Market o n  22/5/87 were tagged abo a r d  Kapala 

o ff Sydney on 2/4/86 and Wo l l ongong on 13 & 14/ 10/86 . ( It i s  
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assumed t h a t  in t his instance the f i sh were recaptured in the 

s ame gene r a l  l ocation at the same time.) 

Other Interesting Recaptu r es . 

i) A tag ged redfish released from Kapala on 2/ 10/86 off 

Wollongong was recaptured on 13/ 12/86 whil e  t agging aboard a 

commercial trawler in the same a rea, and was re-released in go o d  

condition. 

ii) A tagged redfish originally released from a c ommercia l 

t r awler off Wo l l ongong on 13/3/86 was recap tured in the same area 

whil e  t agging on 11/12/86 - the tagged fish was no t  found aboard 

the vessel, but by a co-op emp l oyee a f ter the catch had been 

landed. 

iii) A tagged redfish released f r om a commercia l trawler off 

Wollongong on 3/3/86, w a s  recaptur ed by Kapala w h i l e undertaking 

further t agging on 16/10/86 in the same area and re-released. 

Estima tion of Repor tin� Ra te. 

The res u l t s  o f  t he t ag s eed i ng experiments are s umma rised in 

Table 4 .  Repo r ting r a te s  were consis tent l y  l o w , ave r aging only 

2 0 . 3% .  On l y two seedings were ca r ried out u s ing ye l l ow t ags, the 

res u l t s  o f  which are considered to be ins u f ficient to allow a 

va lid comp a ris on o f  t he repor ting r a tes o f  the two t ag co l our s , 

a lth ough t he resu l t s  obt ained d o  no t indicate a dif ference in 

repo r ting r a te . A l t h ough l ow , t his repo r ting r a te i s  compa r able 

wit h  tha t of 2 5% f ound by K l eiber e t  al. (1987) fo r pur se-seined 

pacific skipj ack tuna t agged wit h  l arger dart t ags. 

When teleph one con t ac t  was made with buyers wh o  pur c h a s ed boxes 

containing tagged red fi s h  tha t were no t reported, all sta ted t h a t  

they had not found the t ag. I t  appea r s  tha t o ne of the majo r 

rea s ons f o r  t he l ow rep o r ting rate is the s m a l l size and 

incons picuous nature o f  t he t ag. This i s  pr obably compounded by 

t he f act t h a t  red f i s h  tend t o  be h and led in bulk r a t her th an 

individua l ly wherever p o s sible , and t he f ac t  t h at they a re 

h andled very quickly when being fi l leted. Indeed , s ome o f  t he 

repo r ted tags were o n ly disco vered after o ne s ide o f  the fis h had 

been fil leted. 
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Assessment of Growth Rate 

For 95 of the recapt ure d tagged fish, measurements of LCF were 

available at both release and recapture. Positive increase in 

length was shown by only 32 (33.7%) of these. Of the remainder, 

47 149.5%1 showed no difference in length at release and 

recapture (even for some fish at liberty for mo re than two 

years), and for 16 (16.8%) fish the measured length at recapture 

was less than the length at rel ease. (The maximum reported 

"negative" growth was 2 cm.) The results for those fish "·hich 

showed a growth increme nt are c ompa red graphically with the 

growth curve determined from oto li th studies in Fig ure 8. 

Estimation of F ishing Mortality Rate 

The instantaneous mo rta l it y coefficients were estimated for the 

whole population, and for the tagging operation which r e su lt e d in 
the h ighes t recapture rate, as follows : 

A. �HOLE POPULATION 

�umber of tagged f i s h relea s ed = 30,809 

Less 20% {15% for hand l ing mor ta l i t y 

and 5% for t agg i ng mo rt ali ty} 6,162 

Yields number of tagged fish at start 

o f  f i rs t r e c a p t u re p e r i od No = 24,647 

Rec aptu re peri od Year 1 Year 2 

Recaptures reported 85 34 

Corrected nr 425 17 0 

Loge Dr 6.052 5.136 

Year 3 Year 

16 2 

80 10 

3.912 2.303 

Logp nr is plotted for each r ec ap t u r e period in Figure 9. The 

calculated linear regression e qua t i o n is: 

= -1.247 r + 6.2214 

4 

The instantaneous coefficient of fishing mortality can then be 
calculated from t he intercept o n  the y-axis which is e qua l to: 

Therefore 

resulting in 

Loge F No { 1 - e - ( F + H) 

F+M 

Loge {Fx2464 7 x0.699/1.247} = 6. 2 214 
F = 0. 036 (and Z = 1. 25). 
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B. HIGHEST OBSERVED RECAPTuRE RATE. 
The highest recapture rate for any singl e tagging operation was 

observed for red fish tagged from a commercial trawler off 

B e rmagui in Feb r u ary 1986 I Table 1). As noted previously, a 
significant p r o portion of fish tagged off Bermagui were very 

small, and for recaptu r e d  fish the smallest length at tagging was 

18 cm LCF. Fish less than 1 8  cm have therefore been excluded from 

the following calculation of fishing mortality rate, which 

follows the same method as above: 

Number of tagged fish released 

Number >18 cm re leas ed 

Less 20% mortality 

Number of tagged fish at 

start of rec aptur e per i od 

Recapture per iod 

Recaptures 

Corrected nr 
Log!' nr 

No 

Year 

8 

40 

3.689 

= 

= 

1 

536 

336 

67 

269 

Year 2 
') ._) 

Li 
2.70 8 

The regression obtained when these resul t s are plotted is: 

Log!' nr = -0.693 r + 3.593 

which yields estimates of F = 0.187 and Z = 0.693. 

Year 3 

2 
10 

2.303 

It should be noted that the rate of total mortality estimated 

from these results is much lower than that estimated for the 

stock as a whol e ,  and is heavily in fluenc e d by the small numbe rs 

o f  recaptures in each time period . 

Commercial Fisherv Data. 

The mon t h l y commercial catch of redfish l ande d at the main 

fishermen's co-operatives and directly to the Sydney Fish Market 
for the period 1970 - 1985 is shown in Figure 10. A summary of 

estimated annual land i ngs of redfish by NSW traw l er s (Figure 11) 

shows that catches peaked at o v er 2300 tonnes in 1979/80, and 

have since declined to less than 1500 tonnes per annum. 

Large seasonal variations in CPUE are apparent in the earlier 

years when redfish were taken mostly in the winter as a by-catch 
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of fishing targ eted at g emfish (Figure 12 ) .  These seasonal 

fluctuations become much less pronounced after about 1980 , and an 

annual summary of these data (Figure 13) shows mean CPUE slowly 

declining since catches peaked in 1 9 7 9 /8 0 .  

Length frequency distributions o f  landed catches o f  redf ish for 

all ports combined are shown in Figure 14 for the years 1 9 7 4 / 7 5 

to 1987/88 . In the early part of this period the mean length of 

the annual catch was in the range 2 4 -2 5  cm LCF, however the last 

decade has seen a g radual decline in the mean leng th of the catch 

to about 2 2  cm. Although there are differences in the mean size 

of fish landed at the major ports (see Appendix 31, a decline in 

the mean length of the redfish catch is apparent for all ports 

for which data are available. (Eden is an exception to this 

result, as catches are known to be significantly sorted with the 

larger fish only being consigned to the Sydney Market). 

Discussion 

Estimation of Fishing Mortality 

Tag/recapture studies are g enerally considered to be one of the 

best direct methods of obtaining estimates of fishing mortality 

rates for exploited fish stocks. However, the scarcity of reports 

in the recent scientific literature of tagging studies which have 

resulted in useful estimates of population mortality parameters 

testifies to the very real practical difficulties which are 

encountered in such studies. In the current study, some of these 

difficulties have been overcome, but there are still a number of 

uncertainties which must be considered in the interpretation of 

the results. 

The major aim of the redf ish tagging study was to estimate the 

rate of fishing mortality applicable to the redfish stock, and to 

determine if fishing mortality contributes significantly to the 

very high rate of total mortality which has been estimated for 

the stock. All methods of calculating mortality rates from the 

results of tag ging studies involve a number of assumptions. The 

assumptions made in this study, and their effect on the 

reliability of the conclusions, are as follows: 

i) Sufficient numbers of fish were tagged to ensure a 

reasonable level of recaptures, and the tagged fish were 
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proportionately distributed throughout the whole population: In 

the project proposal it was anticipated that approximately 2 5 , 000 

fish would be tagged per year, and this figure was in fact 

achieved. Efforts were made to distribute the tagged fish 

throughout the range of the fishery for redfish, and roughly in 

proportion to abundance as reflected by fishing effort expended 

and commercial catches. 

ii) The size range of fish tagged was the same as that in the 

population being studied: Redfish to be tagged were selected from 

trawl catches according to the condition of the fish - the size 

distribution of fish tagged was very similar to that of the 

commercial catch and the results therefore apply only to that 

portion of the redfish stock recruited to the commercial fishery. 

iii) Tagged fish were assumed to have the same survival rates as 

untagged fish and to exhibit the same patterns of behaviour and 

movement: Implicit in this assumption is that tagging did not 

cause fish to be more (or less) likely to be recaptured, and it 

seems unlikely that the anchor tags used in this study would 

result in such an effect. However, if the mortality rate of 

tagged fish was greater than that of untagged fish for the 

duration of the study, then it is likely that the total mortality 

rate has been overestimated (but the estimate of fishing 

mortality rate may not necessarily be biased). 

iv) It was assumed that the initial mortality caused bv the 

tagging procedure could be estimated: And therefore, that the 

number of tagged fish alive at the start of the study was 

accurately known. The reliability of the estimate of fishing 

mortality depends directly on the extent to which this assumption 

is satisfied. 

v) It was assumed that there was no loss of tags from tagged 

fish: A continuous loss of tags from tagged individuals over the 

study period would produce the same effect as an increased 

mortality rate i.e. would lead to a biased estimate of the total 

mortality rate, but not necessarily the fishing mortality rate. 

Loss of a proportion of tags very soon after tagging would have 

the same effect as initial mortality, reducing the number of 

tagged fish in the population and leading to bias in the estimate 

of the fishing mortality rate. 
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vi\ It was assumed that the proportion of recaptured tagged fish 

which escaped detection (or were not reported) could be reliably 

estimated: Non -reporting of recaptured tagged fish can 

significantly bias estimates of the fishing mortality rate. In 

this study, w here the majority of the catch passes t hrough a 

central marketing outlet, it is considered that the reporting 

rate has been reliably estimated. Bias due to non -reporting can 

therefore be minimised by applying a correction factor to the 

number of recaptures reported. 

The implications of each of these assumptions are now discussed 

in relation to t he results of the study: 

Clearly, there was not complete homogeneous mixing of the tagged 

fish throughout the whole stock, as evidenced by t he different 

recapture rates of groups of redfish tagged at different times 

and locations. These differing recapture rates appear to result 

from a combination of the schooling habits of the fish and 

variations in vulnerability on both geographic and temporal 

scales. Such variability could also explain the observed 

differences in recapture rates and mean times at liberty between 

fish tagged aboard commercial trawlers and those tagged aboard 

the research vessel Kapala. However, tagged fish were distributed 

throughout the range of the fishery, and the results of the 

tagging study indicate a significant degree of mixing within the 

geographic boundaries of the stock. There is no reason, 

therefore, to suggest that the tagged fish were more (or less} 

vulnerable to being captured than untagged fish. 

Various authors (e. g. Eames and Hino, 1983) have remarked on the 

need to ensure that the ' T  bar' anchor is properly positioned 

behind the pterygiop hores, and it appears that satisfactory 

retention of the tags is obtained if t his condition is met. 

Carline and Brynildson (1972) found 94-98% retention of FD-67 

tags by 16-19 cm long brook trout over a period of seven months, 

while Ebener and Copes (1982) found a retention rate of about 80% 

for anchor tagged whitefish of 33-79 cm total length which were 

at liberty for two to three years. These figures contrast with 

the more rapid s hedding of anchor tags by barramundi less than 35 

cm in length, · where a tag loss rate of 17% over a period of 100 

days was found (Davis and Reid, 1982), and by 30-100 cm striped 

bass where 58% of tags were shed during the first year (Dunning 

et al, 1987). However, all these studies were carried out on 

freshwater or riverine species. Few estimates of tag s hedding 
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r a t e s  h ave be en r ep o rt ed f o r  deepwater d e m e r s al marine spe c i e s  
s i m i l ar to redf i s h . L e aman et al (1979) i nt e rpr e t ed t h e  r e s u l t s 
o f  do ub l e tagg i ng of Pac i f i c  c o d  Gadus macrocephalus to i nd i cate 

no signi fic an t s h e dd ing o f  ancho r tags o v e r  a period of 12 

m o n t h s . In t h e  present study, car e  wa s t ak e n  to ensure correct 

pla c e me nt of th e anchors beh i nd the p t e rygioph o re s , and r e d f i sh 
hav e a h e av y  b o n e  s tr u c tu r e  wh i ch pro v i de s good anc h ora g e  f o r  
this t y p e  o f  tag . R e d f i s h  h e l d  i n  c a g es i n  th e  tagging mo rta l ity 
e xpe riment s h o w e d  n o  s h e dd i n g  o f  anc h o r  tags du rin g a p e r i o d of 7 

days a f t e r  tagging. As no estimat e o f  long t e r m  shedding rate was 

ava i l ab l e ,  it has not b e en i nco r p o r at e d  i n  th e ana lysis of th e 

r e tu r n s . 

T h e  max i mum p e r i o d at l i be rty o b s e r v e d  for tagged redfish 

c ompa r e s  f a v o u r a b l y  w i th o the r  tag g i ng studies wh i c h h av e  b e e n  

r e p o rte d in th e literature. Ebene r and Copes (1982) r e p o rted 

t i m e s at l i be rty o f  3 to 4 y e a rs f or a n c h or tag g ed wh i te f i s h i n  

Lak e  Mic hig an, h o w e v e r  th e max i mum p e r i o d at l iberty recorded f o r  

anc h o r  t a g g ed str i ped bas s re l ea s e d  in th e H ud s on R i v e r  w a s  o n l y  

about 1 y e a r  (Dunning et al, 1987). I n  Au s tral i an s t u d i e s , S m i t h  

and R o w l i ng (1986) observe d  a max i mum p e r i o d at lib e rty o f  jus t  

ove r 3 years for tagged j ac k a s s  m o rwong (this h a s  s i nc e  b e e n  

exte nd e d  by a recent recapture to a m a x i m u m  pe r i od a t  l i b erty o f  

just over 5 years), while Pepperell (in press) found maximum 

pe r iod s at liberty of about 300 days for small yellowtail 

kingfish tagged by recreational fishermen with anc h o r  tag s .  

Ru s s e l l  and Garrett (1988) report a max i mu m  p e r i o d a t  liberty of 

1299 days (3.5 years) for tagged juvenile barramund i , h ow e v e r  i t  

i s  n o t c l ear i f  this fish was tagged with an anc h o r  or a dart 

tag. 

The m e a n  t i m e  at liberty found for tagged r e df i s h  w a s  o v e r  360 

day s . Th i s , together with the ( e xpecte d ) e x p o ne nt i a l  d e c l i n e  i n  

t h e  numb e r  o f  recaptures reported for successive 1 0 0  day 

in tervals, suggests that tag loss or long te rm i nc r e a s e d  

m o rta l i t y o f  tagged fish are not se r i o u s  pro b lem s . Th e  i nc r e a s e  

i n  r e captur e s  between 200 and 300 days after tagging ( T ab l e  1 )  

may be e v i d e nc e  o f  the ' recruitment' effect ref e r r ed to by 

P au l i c k (1963, p 50), which is thought to be due to be h av i o u r a l  

e f f e cts delaying the return to full availability o f  tag g ed f i s h, 

h oweve r th e  result for th i s  period is a l so s t r o n g l y  i n f l u e n c e d  b y  

the r e c ove r y  over a short period of 8 tagged fish f r o m  th e s ma l l  

numbe r tag g e d off Bermagui. The estimate of total mortality rate 

from the results of the tagging study (Z = -1. 2) is within th e 
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r a n g e  p r ev i ou s l y e s t ima t e d by c a t c h  c u r v e a n a l y s i s , w h i c h  a l s o  

s u p p o r t s t he con c l u s i o n t h a t  t h e r e s u l t s  o f  t h e  t a g g i n g s t u d y  a r e  

n o t  s u b j e c t  t o  u n d u e  b i a s due to l o n g  t e r m i n c r e a s e s  i n  m o r t a l i t y 

o f  t a g g e d f i s h  o r  t a g  s h e d d i n g . 

T h e  c o n s i s t e n c y o f  t h e  r e s u l t s  o f  t h e  t a g  s e e d i n g e x p e r i m e n t s  

s u p p o r t s  t h e conc l u s i on t h a t , a l t h o u g h l o w ,  t h e  r e p o r t i n g r a t e  
f o r  r e c a p t u r e d  t a g g e d  f i s h  h a s  b e e n  a d e qua te l y e s t i m a t e d . 

T h e r e f o r e , t h e  m a j o r f a c t o r s  i n f l u e n c i n g t h e  a c c u r a c y  o f  t h e  
e s t i m a t e o f  t h e  f i s h i ng m o r t a l i t y r a t e  a r e  t h e  l e v e l  o f  i n i t i a l  

m o r t a l i t y a n d  wh e t h e r o r  n o t  t h e r e  w a s  a n y  i n i t i a l  t a g  s h e dd i n g . 

S t u d y  o f  f i s h h e l d i n  en c l o s u r e s i n  s h a l l o w w a t e r  for o n e  w e e k  

p r o v i d e d  e s t i mates o f  s h o r t - t e r m  h a n d l i n g a n d  t a g g i n g m o r t a l i t y , 

h o w e v e r  i t  wa s no t pos s i b l e to d ire c t l y e s t i m a t e  t h e  m o r t a l i t y 

r a t e  a p p l y i n g t o  f i s h r e l e a s e d  b a c k  i n t o  t h e i r  e n v i r o nm e n t 

i m m e d i a t e l y  a f t e r  t a g g i n g . 

T h e  r e s u l t s o f  t h e  a n a l y s i s o f  t a g  r e t u r n s  i n d i c a t e s t h a t , 

a l t h o u g h  l a r g e t e mp o r a l and s p a t i a l v a r i a t i o n s  p r o b ab l y o c c u r  i n  
f i s h i n g m o r t a l i t y of r e d f i s h , t h e  s t o c k a s  a w h o l e  i s  s u b j e c t  t o  

a n  i ns t a n t a n eous f i s h i ng m o r t a l i t y  r a t e  o f  ab o u t  0 . 0 4 .  A l t h o u g h  

t h e  ac c urac y of t h i s  e s t i ma t e d e p e n d s d i r e c t l y  o n  a n  ( as s um e d ) 

i n i t i a l m o r t a l i t y / t ag s h e dd i n g r a t e  o f  2 0 % , s e n s i t i v i t y a n a l y s e s  

i n d i c a t e t h a t  t h e  re l a t i v e m a gn i tud e o f  t h i s  r e s u l t  i s  n o t  
c r i t i c a l l y d e p e n d e n t  o n  t h e i n i t i a l  m o r t a l i t y e s t i m a t e . I f  i t  i s  
a s s u m e d  t ha t  5 0 % o f  t h e  t a g g e d f i s h d i e  o r  s h e d t h e i r  t a g s  s o o n  

a f t e r t a g g i n g , t h e  r e s u l t i n g e s t i m a t e  o f  F i s  on l y  0 . 0 5 9 , w h i c h  

i s  s t i l l  l e s s  t h a n  1 0 % o f  t h e  e s t i m a t ed t o t a l  m o r t a l i t y r a t e . 

T h e  h i g h e s t  o bs e r v e d r e c a p t u r e  r a t e  f o r  a n y  o f  t h e  r e l e a s e s  

y i e l d s  a n  e s t i m a t e o f  F o f  0 . 1 8 7 , h o 1� e v e r  t h e  c o r r e s p o n d i n g  

e s t i m a t e o f  Z i s  o n l y  0 . 6 9 3 , w h i c h  i s  a t  t h e e x t r e m e l o w e r e n d  o f  

t h e  p r e v ious l y  e s t i m a t e d r a nge o f  Z f o r  r e d f i s h . T h e  s m a l l  

n u m b e r s  o f  r e c a p tu r e s i n v o l v e d  i n  t h i s  a n a l y s i s  a l s o  r e du c e t h e  
l e v e l o f  con f i d e n c e  i n  t h e  r e s u l t i n g  e s t i ma t e  o f  F .  I t  i s  

t h e r e f o r e  c on c l uded t h a t , b as ed on t h e  t a g g i n g r e s u l t s , t h e  m o s t 

l i k e l y  v a l u e  o f  F f o r  r e d f i s h l i e s  w i t h in t h e  r a n g e 0 . 0 4 - 0 . 0 6 . 

M o v e m e n t s  a n d  G r o w t h  of R e d f i s h 

S e c o n d a r y  a i ms o f  t h e  t a g g i n g  s t ud y  w e r e  t o  d e t e r m i n e  m o v e m e n t s  

o r  m i g r a ti o n s  o f  red f i s h , t o  a i d  i n  d e l i ne a t i o n  o f  s toc k 

bou ndar i e s , and t o  p r o v i d e i n d e p e n d e n t  v e r i f i c a t i o n o f  t h e  
p r e v iou s l y  r e ported g r o w t h  es t i m a t es f o r  t h e  s p e c i e s . 
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A l t h o u g h  e x a c t l o c a t i o n s  o f  r e c a p t u r e  c o u l d  n o t  b e  de t e rm i n e d  f o r  

m o s t  o f  t h e  r e p o r t e d r e c ap t u r e s ,  t h e  ma j o r i t y c o u l d  b e  s o u r c e d  t o  

t h e  a r e a  s u r r o u n d i n g  a p a r t i c u l a r  p o r t . T h e  r e s u l t s  i n d i c a t e d  

s i g n i f i c a n t  m o v e m e n t  w i t h i n  t h e  s t udy a r e a . T h e  m a j o r i t y o f  

m o v e m e n t s  w e r e  i n  a s o u t h e r l y  d i r e c t i o n , h ow e v e r  t h i s  i s  l i k e l y  

t o  b e  due t o  t h e  f a c t t h a t  m o r e  t a g g e d  f i s h w e r e  r e l e a s e d  i n  t h e  

n o r t h e r n  s e g me n t  o f  t h e  r a n g e . N o  pa t t e r n  i n  r e c ap t u r e s  

i nd i c a t i n g  r e gu l ar m i g r a t i o n s  w i t h i n  t h e  s t o c k  was f o un d . T h e  

r e s u l t s  a r e  c o n s i s t e nt w i t h  t h e  e x i s t e n c e o f  a s i n g l e  un i t  s t o c k  

o f  r e d f i s h w i t h i n  t h e  s t udy a r e a . R e d f i s h a r e  known t o  r a n g e b o t h  

n o r t h  a n d  s o u t h  o f  t h i s  a r e a , h o w e v e r  r ed f i s h abundanc e i s  qu i t e 

l ow o n  g r o u n d s  s o u t h  o f  ab o u t  Gabo I d  ( Wa n k ow s k i  and M o u l t o n , 

19 8 6 ) and t h e  s am e  i s  appa r e n t l y  t h e  c a s e  no r th o f  ab o u t  C r o wd y  

H e ad ( Go rman a n d  G r a h am , 1 9 7 9 ) .  T h e  t a g g i ng s t udy c o v e r e d  a l mo s t  

t h e  e n t i r e r a n g e o f  r e d f i s h o n  t h e  e a s t c o a s t  o f  Au s t r a l i a , and 

t h e  r e s u l t s  o f  t h e  s t udy s h o u l d  t h e r e f o r e  b e  app l i c ab l e  t o  t h e  

e a s t c o a s t  s t o c k  a s  a wh o l e . { n . b .  T h e  s am e  s pe c i e s  C e n t r o b e r vx 

a f f i n i s  h a s  a l s o  b e e n  r e po r t e d f r o m  wa t e r s  o f  t h e  G r e a t  

A u s t r a l i an B i g h t  ( La s t  et a l , 19 8 3 ) a n d  i t  w o u l d  s e e m  o n  c u r r e n t  

e v i d e n c e  t h a t  r e d f i s h f r om t h i s  a r e a  s h o u l d  b e  c o n s i d e r e d  a s  a 

s e pa r a t e  s t o c k  t o  t h o s e  o f f  t h e  e a s t c o a s t . }  

I t  h a s  b e e n  a c c e p t e d  f o r  many ye a r s  t h a t  t a g / r e c a p t u r e  s t ud i e s  

p r o v i de a u s e fu l  m e a n s  o f  va l i da t i n g  a g e i n g  t e c h n i qu e s  w h i c h  r e l y  

o n  a s s e s s me n t  o f  a g e  f r o m  b o n y  s t ru c t u r e s  s uc h  a s  o t o l i t h s  o r  

s c a l e s . I nd e e d , t a g / r e c a p t u r e  w a s  t h e  m a j o r m e a n s o f  v a l i da t i o n  

r e c o mm e nd e d  b y  B e am i s h  and M c f a r l ane ( 1 9 8 3 , p 7 4 1 ) .  H o w e v e r , 

F r an c i s  ( 1 9 8 8 ) h a s  r e c e n t l y  s h o w n  t h a t  e s t i ma t e s  o f  g r o w t h  

p a r a m e t e r s  d e r i v e d  f r om t h e  r e s u l t s  o f  t a g / r e c ap t u r e  s t ud i e s  a r e  

n o t  n e c e s s a r i l y  c ompa r ab l e  t o  e s t i ma t e s  d e r i v e d  f r o m s t ud y  o f  

h a r dp a r t s ,  a n d  h e  r e c omm e n d s  t h a t  s uc h  c o mpar i s o n s  b e  a v o i de d  

u n t i l  b e t t e r  m o d e l s  b e c o m e  m o r e  w i de l y  u s e d . I t  app e a r s t h a t  

t a g g i n g c an b e  u s e f u l l y e mp l o y e d  f o r  v a l i da t i ng t h e  

i n t e r p r e t a t i o n o f  p a t t e r n s  o n  h a rdp a r t s  w h e n  u s e d  i n  c o n j un c t i o n 

w i t h  f l u o r e s c e n t  l ab e l l i n g o f  t h e  p ar t s  a t  t h e  t i me o f  t ag g i n g . 

S u c h  w o r k  w o u l d  r e qu i r e a d e d i c a t e d  a n d  p r o p e r l y  de s i g n e d  

e xp e r i m e n t , a n d  w a s  n o t  w i t h i n  t h e  s c o p e  o f  t h e  c u r r e n t  s tudy . 

I n  t h i s  s t udy , m e a s u r e m e n t  o f  f i s h l e n g t h s  at t a g g i n g a n d  

r e c a p t u r e  w a s  s ub j e c t  t o  a numb e r  o f  e r r o r s . T h e  m a j o r i t y  o f  f i s h  

t a g g e d  w e r e  v e r y  l i v e l y , and t h e y  we r e  m e a s ur e d  qu i c k l y  w i t h  a 

m i n i mum o f  h an d l i n g . A l s o  mo s t  t a g g i n g  w a s  done a t  n i g h t . T h e s e  

f ac t o r s  made i t  d i f f i c u l t  t o  o b t a i n  ac c u r a t e  me a s u r e m e n t s .  

R e c ap t u r e d  f i s h  w e r e  g e n e r a l l y  i c e d  ab o a rd t h e  c a t c h i n g  v e s s e l , 
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and m o s t  t a g g e d  f i s h  h ad b e e n  f r o z e n p r i o r t o  b e i n g r e t u r n e d . I t  
i s  l i k e l y  t h a t  s u c h  h a nd l i n g  w o u l d  h a v e  r e s u l t e d  i n  a s i g n i f i c ant 

( and v a r i ab l e ) d e g r e e  o f  s h r i nk a g e . G i v e n  t h a t  o t o l i t h s tud i e s  

i nd i c a t e  g r ow t h  r a t e s  o f  o n l y  2 - 2 . 5  c m  p e r  y e a r  f o r  2 0  - 2 5  cm 

f i s h , and the m e a n  t i me a t  l i b e r t y  o b s e r v e d  f o r  t a g g e d  r e d f i s h  

w a s o n l y  j u s t  o v e r  1 y e a r , i t  i s  p e r h a p s  n o t  s u r p r i s i ng t h a t  a 

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

m e a s u r ab l e  c h an g e i n  l e ng t h . I n  l i g h t  o f  t h e  many p o s s i b l e  

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

s h ow e d  e v i de n c e  o f  g r o w t h  l e n d  a g o od d e a l  o f  s upp o r t  t o  t h e  

r ep o r t ed o b s e rv a t i o n  f r om o t o l i t h s  t h a t  r e d f i s h a r e  r e l a t i v e l y  

s l ow g r o w i ng . 

C o mpa r i s o n w i t h  C omme r c i a l  F i s h e ry D a t a  

T h e  c omme r c i a l  f i s h e r y d a t a  a r e  p r e s e n t e d  t o  p r o v i d e  a b a c k g r o und 

a g a i n s t  wh i c h  t h e  r e s u l t s  o f  t h e  t a g g i n g  s tudy c a n  b e  a s s e s s e d . 

R e d f  i s h h a v e  c om p r i s e d  a s i g n i f i c a n t  p r o po r t i o n o f  t h e  c a t c h  

s i nc e t h e  i n c ep t i o n o f  t h e  t r a w l  f i s h e r y  i n  1 9 1 5 , h o we v e r  i n  t h e  

y e a r s  p r i o r  t o  t h e  s e c o nd wo r l d  w a r  much o f  t h e  r e d f i s h  c a t c h  was 

d i s c a r d e d  d u e  to l ow ma r k e t  ac c ep t ab i l i t y ( B l ackbu r n , 1 9 7 8 ) . 

R e d f i s h w e r e  l an d e d  i n  i nc r e a s i ng qua n t i t i e s  a s  t i g e r  f l a t h e ad 

c a t c h e s  d e c l i n e d  i n  t h e  l a t e  1 9 4 0 ' s  and t h e  anua l c a t c h  o f  

r e d f i s h p e a k e d  a t  o v e r  2 3 0 0 t o nn e s i n  1 9 4 9  ( H o u s t o n , 1 9 5 5 ) . 

B l ac k b u r n  ( 1 9 7 8 ) f o und e v i de n c e o f  a d e c l i n e  i n  m e a n  l e n g t h  o f  

t h e  r e d f i s h  c a t c h  and a d e c l i n e  i n  ave r a g e  r e d f i s h  c a t c h  p e r  

t r aw l e r  du r i n g t h e  1 9 5 0 ' s .  T h e s e  d e c l i n e s w e r e  c o n t e m p o r a n e o u s  

w i t h t h e  h i g h e s t  a n n u a l  l e v e l s  o f  f i s h i n g e f f o r t  a n d  w e r e  

a t t r i b u t e d  b y  B l ac k b urn t o  t h e  i mp a c t o f  e xp l o i t a t i o n o n  t h e  

r e d f i s h s t o c k . T h e r e  i s  e v i de n c e  t h a t  t h e  c o nd i t i o n o f  t h e  

r e d f i s h s t o c k  i mp r o v e d  a f t e r  t h e  s t e am t r aw l e r s  c e a s ed o p e r a t i n g 

i n  t h e  l a t e  1 9 5 0 ' s ,  h ow e v e r  t h e  f i s h e r y  w a s  t h e n  d om i na t e d  b y  

D a n i s h  s e i n e r s  wh i c h  d i d  n o t  c a t c h  s i g n i f i c an t  quan t i t i e s  o f  

r e d f i s h . L a nd i n g s  d i d  n o t  i nc r e a s e  ag a i n  unt i l  t h e  e a r l y  1 9 7 0 ' s ,  

whe n  m o d e r n  d i e s e l  p o w e r e d  t r a w l e r s  e n t e r e d  t h e  f i s h e r y . R e d f i s h 

w e r e  t a k e n  a s  an i n c i de n t a l  c a t c h  o f  f i s h i n g o p e r a t i o n s  t a r g e t e d  

a t g em f i s h dur i ng t h e  w i n t e r  m o n t h s , h o w e v e r  p r i c e s  r e c e i v e d  f o r  

r e d f i s h  w e r e  o n l y  l o w  ( av e r a g i ng 2 0 c / Kg ) and g l u t s  o f  u n s o l d f i s h  

o c c u r r e d  f r e qu e n t l y . I n  t h e  l a t e  1 9 7 0 ' s ,  a s  ma r k e t  ac c e p t a n c e  

i n c r e a s e d , r e df i s h b e g an t o  b e  s p e c i f i c a l l y  t a r g e t e d , a n d  

s i g n i f i c a n t  c a t c h e s  w e r e  l an d e d  o n  a y e a r  r o und b a s i s . 

T h e  r e c e n t  d e c l i ne i n  m e a n  l e n g t h  o f  t h e  r e df i s h  c a t c h  m a y  have 

b e e n  i n f l u e n c e d b y  i nc r e a s e d  r e t e n t i o n of s ma l l e r  f i s h , wh i c h 
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w e r e  p r e v i o u s l y d i s c a r d e d . R e s u l t s  o f  m e s h  s e l e c t i v i t y  s t u d i e s  
( D i p l o c k , 1 9 8 4 ) s u g g e s t  a 5 0 % r e t ent i o n l e n g t h  o f  a t  l e a s t  2 0  c m  

L C F  f o r r e d f i s h c a u g h t  i n  l e g a l o t t e r  t r a w l s ( m i n i m u m  c o d e n d  m e s h  

s i z e 9 0  mm ) ;  t h e r e f o r e t h e  c o mp one n t o f t h e  c a t c h  l e s s  t h a n 2 0  cm 
w h i c h w a s  o b v i o u s l y  s o r t e d f r o m  c a tc h e s i n  t h e  y e a r s  1 9 7 4 / 7 5  t o  
1 9 7 6 / 7 7  wa s p r o b a b l y no t g r eat . S ma l l  f i s h o f  1 5  - 2 0 c m  L C F  
b e g a n a p p e ar i n g  i n  m a r k e t e d  cat c h e s  i n  1 9 7 7 / 7 8 , a n d  d u 1 · i n g  

s u b s e qu e n t  y e a r s i t  i s  l i k e l y t h a t  t h e  i n c i d e n c e  o f  c a t c h  

s o r t i n g , a n d  i t s  i mp a c t o n  t h e  me a s u r e d l e n g t h  f r e qu e nc y , 
d e c l i n e d  s u b s t a n t i a l l y . Add i t i ona l l y , t h e  m o dal l engt h  o f  t h e  
c a t c h d e c l i n e d  f r o m  2 3  - 2 4  c m  L C F  i n  t h e  y e a r s  p r i o r  t o  1 9 8 0 / 8 1 , 
t o  2 1 - 2 2  c m  i n  r e c e n t  y e ar s . A l l t h e s e f a c t o r s  i n d i c a t e  t h a t  
t h e  de c l i n e i n  m e a n  l e n g t h  o f  t h e  l a n d e d cat c h  h a s  n o t r e s u l t e d 

s imp l y f r o m  ma r k e t i n g o f  s m a l l f i s h t h a t  w e r e  p r e v i o u s l y  
d i s ca r d e d , and p r o b a b l y  i n d i c a t e s a r ea l  d e c l i n e  i n  t h e  a b u n d a n c e 

o f  l a r g e r  f i s h .  

C P U E  a l s o s h o w e d  a d e c l i nin g t r end o v e r  t h e p e r i o d 1 9 8 0  - 1 9 8 5 , 
a l t h o u g h t h e  s i gn i f i c anc e o f  t h i s  r e s u l t  i s  d i f f i c u l t  t o  

as c e r t a i n  b e c a u s e  t h e  me a s u r e  o f  C PUE ( c a t c h  p e r t raw l e r - t o n 

m o n t h ) i s n o t  v e r y s e n s i t i v e and m a y  m a s k  s i gn i f i c a n t  c h a nge s i n  

t a r g e t e d d ai l y  f i s h i ng e f f o r t . 

T h e  d a t a  a v a i l a b l e f o r t h e  c o mm e r c i al f i s h e r y  c e r t a i n l y  s u g g e s t 

t h a t  t h e r e  h a v e  b e e n  s i g n i f i c a n t  c h a n g e s  i n  t h e  c o m p o s i t i on o f  

t h e  r e d f i s h s t o c k  s i n c e  c a t c h e s  i n c r e a s e d i n  t h e  m i d  1 9 7 0 ' s .  T h e  

r e l a t i v e l y  l o w r a t e s  o f  f i s h i n g mo r t a l i t y s u g g e s t e d b y  t h e  

t a g g i n g  s t u d y  w o u l d p r o b a b l y n o t b e  e x p e c t e d t o  h a v e l e d t o  a 

m a j o r  i mpac t on t h e s t o c k . H o w e v e r , r e d f i s h a r e  a p p a r e n t l y a l o n g  
l i v e d , s l o w g r o w i n g s p e c i e s  w h o s e  s c h o o l i n g  h ab i t m a y  r e s u l t i n  
i n c r e a s e d  v u l n e r a b i l i t y t o  f i s h i n g  a t  c e r t a i n  t i m e s . T o  m o r e  

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

s t o c k , and a l l o w a b e t t e r  und e r s t an d i n g  o f  t h e  l i k e l y  e f f e c t s  o f  

a f i s h i n g m o r t a l i t y r a t e  o f  0 . 0 4 - 0 . 0 6 , i t  i s  r e c o mm e nd e d  t h a t  
a n  ag e s t r u c t u r e d  m o d e l o f  th e r e d f i s h s t o c k  b e  d e v e l o p e d . T h i s  

c o u l d  b e  don e u s i n g da t a  c u r r e n t l y  a v a i l a b l e o n a g e  c o mp o s i t ion , 

l e n g t h f r e q u e n c y d i s t r i b u t i o n s  and c o mme r c i a l  c a t c h e s o f  r e d f i s h , 

and w o u l d  a l l o w a m o r e  qu an t i t a t i v e a s s e s s m e n t  o f  t h e s t a t e  o f  

t h e  r e d f i s h s t o c k , a n d  t h e  c o nd i t i on s  r e q u i r e d t o  p r o d u c e o p t i m u m 

y i e l d f r o m  the s t o c k . 
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S um m a r v  o f  C o n c l u s i o n s . 

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

t a g g i n g s t ud y  a r e  a s  f o l l o w s :  

i i  S t o c k  I d e n t i t y - T h e  a r e a  b e t w e e n C r o w d y  Head a n d E d e n  
a p p e a r s  t o  s u p p o r t  a s i n g l e un i t  s t o c k  o f  r ed f i s h , w i t h i n  w h i c h  

t h e r e  i s a s i g n i f i c a n t d e g r e e  o f  r a n d o m  i n t e r n a l  m o v e m e n t .  

i i i G r o w t h  - Ac c u r a t e  e s t i m a t e s  o f  t h e  g r o w t h  p a r am e t e r s  o f  

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

s t u d y . T h e  f i n d i n g s , a l t h o u g h  l i m i t e d , a r e  c o n s i s t en t  w i t h 
r e d f i s h  h a v i n g a r e l a t i v e l y  s l o w g r o w t h  r a t e , s i m i l a r  t o  t h a t  

i n d i c a t ed b y  p r ev i o u s s t ud i e s  o f  g r o w t h  u s i n g  o t o l i t h s . 

i i i l T o t a l  M o r t a l i t y - T h e  r e s u l t s  o f  t h e t a g g i n g  s t u d y  c o n f i r m 

t h a t  t h e  r e d f i s h s t o c k  i s s u b j e c t  t o a h i g h  r a t e o f  t o t a l  

m o r t a l i t y ,  e s t i m a t e d t o  b e  i n  t h e v i c i n i t y o f  7 0% p e r  a n n u m . 

i v l F i s h i n g M o r t a l i t y - Th e r e s u l t s  o f  t h e t a g g i n g  s t ud y  

i n d i c a t e t h a t f i s h i n g m o r t a l i t y  r a t e  f o r  t h e  r ed f i sh s t o c k  i s  l o w 

i n  c o m p a r i s o n  w i t h t h e  r a t e o f  t o t a l  m o r t a l i t y . W h i l e t h e r e  i s  
e v i d e n c e  t h a t l o c a l i s e d  f i s h i n g m o r t a l i t y r a t e s  m a y  b e  a s  h i g h a s  

F = 0 . 1 9 , t h e  f i s h i n g mo r t a l i t y r a t e  a p p l i c a b l e t o  t h e  r e d f i s h 

s t o c k  a s  a wh o l e  a p p e a r s  t o  b e  l o w e r , i n  t h e r a n g e  F = 0 . 0 4 -

0 . 0 6 . 
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Kapa l a  

Ta 1111 ed 

F i s h  

C o m m e rc i a l  

Tr a w l e r 

T a 11 g e d  

F i s h  

N o . o f  Days a t  L i be r ty 
A r e a D a t e  T a g g e d  F i s h  1 - J O I - 2 0 1 - 3 0 1 - 4 0 1 - 5 0 1 - 6 0 1 - 7 0 1 - 8 0 1 - 9 0 1 - 1 0 0 1 -

R e l e a s e d  J O O 2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0 8 0 0  9 0 0  ! O O O  1 1 0 0  

N e wc a s t l e  F e b - Oc t ' 8 6 2 2 7 6  I 2 

S y d n e y  
" "  

1 1 4 1 1  9 1 3  1 7  4 4 2 5 I 

W o l l o n 11 o n g  " "  
6 9 3 2  5 3 2 3 2 I 

U l l ad u l l a  .. .. 
1 7 7 6  3 I 

Kapa l a  T o t a l  2 2 3 9 5  1 8 1 8 1 9  4 7 4 6 2 

W o l l o n 11 o n 11  M a r c h  ' 8 6 9 9 9  3 2 2 I 2 

Wo l l o n 11 o n g  D e c  ' 8 6 2 1 8 1  

U l l adu l l a  D e c  ' 8 5 1 2 2 4  2 1 1 I 1 2 

U l l adu l l a N o v  ' 8 6 2 1 8 1  2 1 I 

B e r ma a u i  F e b  ' 8 6 5 3 6  8 1 1 1 2 

E d e n  A p r i l  ' 8 6 1 2 9 3  1 2 6 I I 3 2 6 

Comme rc i a l  To t a l  8 4 1 4 6 5 1 3  8 2 6 2 3 2 2 8 

TOTAL 3 0 8 0 9 2 4  2 3  3 2  1 2  9 1 0 8 3 4 2 8 

Ta b l e  1 .  Summa r y  by a r ea o f  t h e  n u m b e r s  o f  t a g g e d  r e d f i s h  r e l e a s e d , 
a n d  r e c a p t u r e s  d u r i n g  s u c c e s s i v e  1 0 0  d a y  p e r i o d s . 

To t a l 
1 1 0 1 - 1 2 0 1 - R e ca p tu r e s 
1 2 0 0  1 3 0 0  t o  D e c . ' 8 9 

3 

I 5 6  

I 1 7  

4 

2 8 0  

1 0 

0 

8 

4 

1 3  

2 2  

5 7  

2 1 3 7 

( 1' )  

0 . 1 3 

0 . 4 9 

0 . 2 5 

0 . 2 3 

0 . 3 6 

I .  0 0  

0 

0 . 6 5 

0 . 1 8 

2 . 4 3 

I .  7 0  

0 . 6 8 

0 . 4 5 

I\) 
CJ) 



N u m b e r  N u m b e r U n ad j u s t e d 
Re l e a s e d  R e po r t e d  R e c a p t u r e  

R e c a p t u r e d  R a t e  

J\ a p a l a  B l u e l 1 6  1 5 2 7  0 . 2 3 % 

T a g g e d Y e l l o 1-1 1 0 7 8 0  5 3  0 .  ,1 9 %  

F i s h C o m b i n e d  2 2 3 9 5  8 0  0 . 3 G %  

C o m m e r c i a l  
T a g g e d B l u e 8 .:j ]  -t 5 7  0 . 6 8 %  

F i s h 

A ll  F i s h  T a i;r t( e d  3 0 8 0 9  1 3 7 () . 1 4 %  

T a b l e  2 .  C o m p a r i s o n  o f  r e c a p t u f' e  r a t e s  a n d  m e a n  l i m e s  n t  l j lw t ' l Y  
f o e d i f f e r e n t. t a g  c o l o u 1 · s , a n d  r· i� S t! a r c h ,- e s s 1� l  , - c: 1 · :-; u c;  
c o m r n e t ' < ' i a l  t r a 1-1 l e r  t a g !,! c d  r · e d f i s h . 

M e a n  
T i m e a t  
L i  b e  r t �· 

( d a �' S ) 

2 2 1  

3 1 8  

2 8 f) 

1 7 0 

:rn z  

"' 
""' 



� u m b e r o f  R e c a p t u r e s  R e p o r t e d  

C o d e  1 C o d e  2 C o d e  3 C o d e 4 T o t a l 

E: a p a l a  4 7 f:i 7 . ,  '- 8 0  
T a g g e d  

F i s h  :i .  0 %  8 .  7 %  8 3 . 8 % 2 .  fi %  

C o m m e r c i a l  
T r a 1d e r 
T a g g e d  

F i s h  

T o t a l  

T a b l e  3 .  

C o d e  1 
C o d e  2 :  

C o d e  3 :  

C o d e  4 

1 5 2 3 8  " '-

2 6 . 3 % :.� . 5 %  6 6 . 7 % :3 . 5 %  

1 9  9 1 0 5  4 

1 3 . 9 % 6 . 6 % 7 6 . 6 % 2 . 9 % 

D i s t r i b u t i o n  o f  r e c a p t u r e s  o f  L a g g e d  r e d f i s h 
b y  l o c a t i o n f o u n d . 

T a g g e d f ·i s h f o u n d  a b o n n:I c a t c h i n g  v e s s e l . 

5 7  

l 3 7 

T a g g e d  f i s h  f o u n d  a t  t h e  p o i n t  o f  l a n d i n g;  p t' i o r  t o  b <! i 1 1 e:  
c o n s .i g n e d  t o  m a r h e t  o r  o t h e r i< i s e  s o l d  o r  p r' <:i c e s s t' d . 
T a  g g e d f i s h f o u n d b �- b u y e  r s o r· f i. l J e t. e l' s a t Uu � 
S )'U n e :-· F i s h M a l'l\ e t .  
O t h e r . T a g g e d  f i s h  r e c o v e r e d  b y  a m a t e u e  f i. s h e r· m a n , 
p r o f e s s i o n a l  h a n d l i n e r  o r  a t  r e t a i l  p r e m i s e s . 

N 
CX> 



D a t e  T a g C o l o u r  N o . o f  T a g g e d N o . R e c a p t u r e s  
F i s h  S e e d e d  R e p o r t e d  

1 4 . 7 . 8 6 B l u e  1 0  4 

1 1 . 9 . 8 6 Y e l l o i-' 1 0  2 

2 . 1 0 . 8 () Fl I 1 w  1 () 2 

1 7 . 1 0 . 8 6 Y f: l  l O h' I 0 0 

1 4 . 1 . 8 7 fl l u e 9 l 

1 . 6 . 8 7 B l u e  1 0 2 

2 3 . 9 . 8 7 B l u e 1 0  4 

2 6 . 4 . 8 8 B l u e 1 0  1 

T o t a l  7 9  1 0  

T a b l e  4 .  R e s u l t s  o f  t a g  s e e d i n g e x p e r i m e n t s  c o n d u c t e d  a t  t h e  
S �'d n e y  F i s h �l a r k e t  t o  e s t i m a t e  t h e  r e p o r t i n g r a t e  
f o r  r e c a p t u r e d  t a g g e d  f i s h . 

( % )  

1 0 % 

2 0 % 

:.2 ( )  �{) 

0 

1 1  % 

2 0 % 

4 0 % 

l 0 %  

2 0 . 3 % 

I\) 
<O 
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Redf ish Tag Recaptures 1985-1989 
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I 1 9 8 6  I 1901 I 1 9 8 8  I 1989 

F i gure 1 .  ( a ) C umu l a t ive r e l e a s e s  o f  t a gged r e d f i s h , 

De c emb e r  1 9 8 5  t o  De c emb e r  1 9 8 6 . 

( b ) M o n t h l y  d i s t r ib u t io n  o f  r e c ap t ur e s  o f  t a gged 
redf i s h  r e p o r t e d  f r om J a n uary 1 9 8 6  t o  

Novemb e r  1 9 8 9 . 
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Figure 2 .  
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Numb e r  o f  t a gged re d f i s h  re l e a s ed f rom 
FRV Kap a l a  i n  e a c h  a r e a  ( re c t an g l e s ) ,  and 
numb e r  of r e c ap t u r e s w i t h i n t h e  a r e a  o f  
re l e a s e ( c i rc l e s ) and i n  o t he r are a s  ( s quare s ) .  
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F i gure 3 .  
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Numb e r  o f  t ag g e d  red f i s h  re l e a s e d  f rom 
comme rc i a l  t rawl e r s  in e a c h  area ( re c t an g l e s ) ,  
and numb e r  o f  r e c ap t u r e s  wi t h i n  t h e  are a 
o f  re l e a s e ( c i r c l e s ) and in o t he r  a r e a s  
( s quare s ) .  
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Length Frequency at ragg ing of Recaptured Redf ish 
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F i gu r e  6 .  L e n g t h  f re qu e n c y  ( a t t a g g in g ) o f  
r e c ap t u r e d  t ag g e d  re d f i s h . 
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C omp ar i s o n o f  o b s e rv e d  l e n g t h  i n c reme n t s  
o f  re c ap t u re d  t a g g e d  red f i s h  ( s o l i d  l in e s ) 
wi t h  t h e  vo n B e r t a l an f fy grow t h  curve 
c a l c u l a t e d f rom o t o l i t h  s t ud i e s  of f ema l e  
red f i s h  ( D ip l o c k , 1 9 8 4 ) :  

L
t

= 4 0 . 3 5 ( i - e
- 0 . 1 4 6 ( t + 0 . 3 5 )

) 

I n  e a c h  c a s e t he l e n g t h  o f  t he f i s h  a t  
t ag g i n g  wa s a s s umed t o  l i e  o n  t h e  c a l c u l a t e d  
growt h c u rve . 
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P l o t  o f  the l o ga r i thm o f  t he numb e r  o f  
r e c ap t ure s o f  t ag g e d  r e d f i s h  in s u c c e s s iv e  
1 2  mon t h  p e r i o d s  a f t e r t a g g i n g , and t h e  
c a l cu l a t ed l i n e ar r e g r e s s i o n . 
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F i gu r e  10 . Mo n t h l y  comme rc i a l  c a t c h e s ( t o n n e s ) o f  · 

red f i s h  f rom r e c o rd s  o f  t he ma i n  f i s he rmen ' s  
c o - op e r a t ive s ( 1 9 7 0 - 1 9 8 5 ) and t he NSW F i s h  
Marke t i n g  Au t h o r i t y  ( 1 9 8 5 - 1 9 8 8 ) . 
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F i gu r e  1 2 . 
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Mon t h ly ave r a g e  c a t c h  p e r  u n i t  e f f o r t  
( K g p e r  t raw l e r - t o n - mo n t h ) o f  red f i s h , 
1 9 6 9 - 1 9 8 5 . D a t a  f o r  t h e  ma in p o r t s  are 
c omb in e d . 
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YEM 

M e a n  a n n u a l  c a t c h  p e r  un i t  o f  e f f o r t  
( K g p e r  t rawl e r - t o n -mo n t h ) o f  red f i s h , 
1 9 6 9 / 7 0  t o  1 9 8 4 / 8 5 . Ve r t i c a l  b a r s  d e n o t e  
o n e  s t andard d e v i a t i o n  ab o u t  t he me a n , and 
t he n umb e r  of ve s s e l s  for wh i c h  d a t a  were 
ava i l ab le is s hown for e ac h  y e a r . 
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An n u a l  l e n g t h  f r e qu e n c i e s  o f  t h e c o mme r c i a l  c a t c h o f  r e d f i s h , 

me a s u r e d  a t  t h e S yd n e y  F i s h  M a r k e t s  ( a l l  p o r t s  c omb i n e d ) .  
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OBJECTIVE 

D I V I S ION OF F I S H E R I E S  

D E P A RTM ENT O F  AGRIC U L T U RE 

N E W  S O UT H  W A L ES 

Re port on r e d fis h tag g i n g  con d uc ted d uring 
Cruises 8 6- 1 4  t o  86-28 in J u ne - October , 1 98 6 .  

b y  T . B . Gorma n  a n d K . J . G r a ham 

To tag r e d fi s h  ( Cen lro beryx affinis ) i n  s h elf w a te r s  betw ee n  
C ro w d y  Hea d  a n d  Mo r u y a .  

( Redfi s h  tag gi ng by Knpa lu is  a con trib ution b y  the D iv i sion of 
F i s h e r i e s  to t h e  redfis h ta g g i n g  p r;og ram fu n d e d by t he F i s h ing 

I n d u s tr y  Research Tru st  Accou n l ) .  

GEAR 

* 28 m head l ine Boris box traw l r i g g e d  with a roc k - hoppe r footro p e ,  

5 0  m b ri d les  a n d  tow e d  wit h 2 . 0  m Vee doo r s .  

* 2 1  m head line Boris box tr awl r igge d with a roc k - h oppe r foo trope , 

30  m b r i d l e s  a n d  tow e d  wit h 1 . 8  m Vee d oo r s .  

REDFI S H  TAGGING METHODS - ·- - ---- - - -- -

Most trawls  were co n d ucte d at n i g h  L .  T ra w l i n g  time ra n g e d  from 30 to 
1 20 m i n u te s ,  d e pe n ding on t h e  d e n s i t y  of r e d f i s h o n  t h e  g ro u n d ;  mos t 

trawls were for abou t 60 m in u te s .  T h e  c a l c h  w as lan d e d  d i r ectl y i n to 

dec k tan k s  w i t h  circ u la t i n g  s eawate r a n d  liv e r e d f i s h  w e r e  q u ic k l y 
so rte d  in lo clean tan k s .  T h e  r e d fi s h  w e r e  then tag g· e d  a n d  h e l d  for 
re leas e ,  usually at t h e  co m p le tio n  of t h e  next traw l .  

A ll r e d fis h greate r t h a n  1 60 mm were tag g e d  and measured ( fork le n gth , 

mm ) ;  redfis h w h ich did not s u rvive cap tu r e ,  and other inc i d e n tally 

c au g h t  com m e r cial species  w e r e  also measured.  

B lue colo u r e d  anchor tag s  we r e  u se d .  T h e  tag s  w e re inscri bed 
w i th N.S.W.  FI S H  REWARD and a n um b er ; a reward o f  $5 .00 is paid for 

r e t u rned ta g s  (and p referably t h e  f i s h ) , w ith details of  size , 
location and d ate of capture. 

. .  . .  /2  



- 2 -

T_RA_WL_lli_Q _AREAS AND CATCHES 

T r u w l i n g  w a s  f:o n d u c t c d  b e L W (! < �n  C row d y  Head and Moru ya m a i n ly  o n  

m i d - s he lf g ro u n d s .  S i x  L r awls w e r e  also co n d u c te d  o n  L he u p p e r  s lope 
( 1 5 0 - 1 80 fathom s )  between Port Kembla an d B ru s h  I s la n d  w h e r e  la r· ge 
catc h e s  of r· e d fis h ha d been tak e n  in  p r e vio u s y ear s .  

M o s t, r e d f i s h w e r e  e a  u g h  L d u ri n g  t h e  nig h t  trawls o n  t h e  s h d f ;  v e r y  
f e w  w e r e  ca u g h t  o n  t h e  u p p e r  s lope or  d u r i n g  da y tim e t raw ls o n  t h e  
s h elf.  

Tu b l e s  2 - -1 s how th e ope r a tion details of all trawls  c o n d u c te d  for 
r e d fi s h  d u ri n g  C ruise s 86- 1 4  lo 86-28 .  

Tab l e  l ci.nd Lhe  c harts s h ow t h e  n u m be r  of  r e d fis h tag g <� d  i n  eac h a nm  

d u r i n g· C r u ises 86- 1 4 l o  8 6 - 2 8 ,  a n d  g i v e  LhA Lo lal r e d fish Lug g e d  b y  
Tfo paln i r i 1 98 fi .  

I n  t o  Lal , 1 1  6 :i ·1 La g g e d  red fis h w e r e  released b e tween C row d y Heiid a n d  
Mo r u ya d u ri n g  C r uises  86- 1 4  t o  86-28 ,  a n d  a to tal o f  2 2  3 9 5  for 1 98 6 .  

T h ( !  n u m b e r  o f  r e ca p t u r e s  h a s  been low . T o  d a le (Apdl  1 987 )  5 5  I\a pala 
r·e d fis h lag s h a v e  bee n re t u r n e d .  T hA num b e r  of re t u r n s  of r e d fis h 
tagged i n  eac h a r e a  :is  i n c l u d e d  in Table l .  

Mos l  of t h e  tags have bee n re t u rn e d  from t h e  S y d ne y  Fis h Mar k e t s  o r  b y  
fi s h  r e ta i l e r s ,  an d r el ia ble r e captu re d a ta h as bee n d:iffic u l l to 
o b tain fo r ::i o m e  of t h e r e tu r n s .  Of the 55 recap t u r e s ,  36 w e r e  ca u g h t  

i n  t h e  s a m e  an!a a s  l h 1� y  w e r e  ta g g e d  a n d  9 w e r e  r e tu r ne d  w:it h no 

cap t u r e  d uta . 

Ten recap tu r e s  i n d i ca te d significan t move m e nt b y  t h e  r e d fis h , al l  to 
t h e  sou t h  of t h e i r  r e l ease a r e a .  S e v e n  r e d fis h lag g e d  off Po r t  
.Jac k so n - B r o k e n  Bay w e r e r ecap t u r e d  o ff Wollongong ( 3 ) ,  U l ladu l la ( '.) )  
a n d  Bernm.gui  ( 1 ) .  T h e  t h r· e e  other mov e m e n ts w e re Wollo n g o n g  to 
U llad u lla , Kiarna to Bermagui  a n d  l he S h oal h a v e n  to R c r nw.gui.  

The reca p t u re d  re d fisb had been at l i b e r t y  fro m 1 0  to :r no  d a y s  and 1 1  
of l h e  20 La g g e d  re d fi. s h  recov e r e d  since Oc to ber had been at l i berty 
for m o r e  t han 2 2 0  d a y s .  

LENGTH FREQUENCY DATA 

Fig1i res l lo 4 s h ow the  length fre quency d i stribu tio ns for redfish , 
li g e r  fla t head a n d  joh n  d o r y  caug h t  b e tween C row d y  Head a n d  Moru ya . 

. . . .  / '.l 
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li'c d fi s h  cau g h  l betwcl� n  B r o k e n  B a y  a n d  Mo r u y ;1 .s h m·\' c-� d l i  L Ll c v a r ia ti o n  i n  
s i zP :  !. h e  m e a n  s i z e  an d mo d e s  o f  the  le n g t h  d i s t r i h u t io n s  w 1 ) r· e a ho u t . 2 1  c m  

fu r· k le n g t h . Lar g e r  r e d fi s h  w e r e  tak e n  off Newcastle - P o r t. S Le p h e n s :  m e r i n 

a n d mode 2 3  r, m ,  w h ile red fish from the s hallowe r g ro u n d s  ( 50-60 fa t ho m s ) 

h(� L ween Cape Haw ke and Crow d y  Hea d  w e r e s m a l l e r :  m e a n  1 9 . 9  cm a n d  mo d e  
1 8- 1 9 c m  fork le n g t h . 

T i g e r  flat head w e r e  o n  av e ra g e  small with ov e r  4 0  p e r c e n t  of t h e  fis h  les s  
t ha n  t h e  le gal munm u m  l e n g t h  o f  3 3  c m .  B e tw e e n  C row d y  Head a n d  Bota n y  
B;:i.y , catc h e s  of jo h n  d o r y  consisted main l y o f  s mall fi .s h  ( Je s s  than 2 5  cm ) ;  
so u t h  of Bota n y Bay , mos t  joh n dory w e re between 2 5  a n d 3 5  c m  to tal le n g t h .  

Ti_!bl� } :  S u m ma r y  of redfis h tagg i n g  opera tion s b y  Tfopalr; d u rin g  C n i i s e s  
86- 1 4  t o  86-28 , the total tag g e d  redfi s h  for 1 98 6 ,  a nd n u m ber  o f  
r e t u r n s  of fi s h  tagg<� d  m e a c h  a r ea .  

C row d y  Head 

C a p e  Haw ke 

P . S lep h e n s  

N e wcast.le-
R ro k e n  Ray 

B r o k e n  RHy
Bota n y  Bay 

Botan y Ba y -· 
Po rt  Ke m b la 

P o r t  Ke m bla·
.J e r v is Bay 

J e rvis Bay
B r u s h  I s .  

B ru s h  T s .  
Moruya 

Total 

3 1 ° 3 0 ' -
320 00 ' 

32° 30'-
330  00' 

3 '.�0 00'
�3 30 3 0 '  

3 4 °  00 ' ·-
3 4 0  30' 

'.3 4°  30'-
350  00' 

35° 30' -

3 60 00' 

No.  of 
Trawl s 

6 

5 

7 

1 0  

2 1  

20 

10 

Tag g e d  
Re d fis h  

848 

500 

4 8 7  

1 6 77  

3604  

3 3 3 5 *  

2 0 7  

1 5 4 6  

1 1 654 

* I nclu d e s  o n e  release of  149  red fis h rn 1 6'.� fm . 

Release 
D e p t h  (fm ) 

50- 7 5  

4 2- 4 8  

4 9 - 5 6  

fi6-7 ,, 

fi 2 - 7 9  

66- 7 6  

63 - -68 

62-64  

Total 
Tag g e d  Tag 

( 1 98 6 ) Retu r rn;  

8 4 8  

500 1 

5 5 9  2 

369 

3 6  

3 6 5 3  1 0  

5058 4 

230 

1 546 1 

22395 
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R E D  F I S H  

Cro w d y  H d - C  H a w k e  

Total  catch:  n - 1 6 4 8  x - 1 9 . 9  

• Ta g g e d :  n - 1 3 3 9  

P S t e p h e n s - N e wcas t l e  

35  

To tal c a t c h :  n - 6 4 6  x - 2 3 . 0  
• Ta g g e d :  n - 4 8 7  

2 0  3 5  

Broken Bay - Botany Bay 

Total catch: n - 1 8 6 9 x - 2 0 . 8  

• Tag g e d: n - 1 6 1 7  

2 0  2 5  
F o r k  Le ng t h  ( cm)  

3 0  3 5 

Figu re 1 :  Le ngth fre q u e n c y  histograms for r e d fo� h cau g h t  and tagge d 
between Crow d y  Head and Botany Bay. 
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A E D F I S H  

Botan y B a y - J e r v i s  B a y  

Total  catch :  n - 8 7 2 1  x - 2 0 . 9  
• Tagged :  n - 6 5 5 8  

3 0  

Bru s h  l s - Moruya 

Total catch: n- 2 1 5 2  x - 2 1. 4  

• Tagged:  n • 1 7 3 1  

3 5  

8 ·  �1_..._..--..-111..,2�0L...---..--....--....,�.m....J--5--�3�0����3.......JS Fork  

Figu re 2: L e n gth fre q ue ncy h istog rams !or r e d !i s h  cau g h t  a n d  tagg e d  
betwee n Botany Bay and Moruya. 
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J O H N  D O R Y  

Crowd y H d - N e wca s t l e  

n - 2 8 1  

4 0  

Broken B a y - Botany B a y  

n - 3 7 6  

2 0  4 0  

Botany Bay-Jerv is  Bay  

n- 2 3 2  

- -
2 0  3 0  5 0  

J e r v i s  Bay - Moruya 

n - 1 3 6  

Figure 3 :  Length frequr.ncy histograms for john dory caught 
between Crowdy Head and Moruya . 



.... . 

2 0 . B  

>. 
0 
� 1 5 .  B 
:J 
i:::r 
<D .... 

u. 

� 1 0 . 0  

S . B  

B .  
2 0 . B  

>-1 5 .  B 
0 
c 
<D 
� 
r:::T .t 1 0 . 0  
� 

S . B  

B .  
2 0 . B  

>. 1 5 . 0  
0. 
c 
<D 
� 
r:::T it 1 0 . B  

� 

S . B  

B .  

1 5 . B  

�1 8 . 0  
· C  

<D 
� 
r:::T 
<D 
lL s .  8 

B .  

-

-

-

,.._ 

) B  
-

-

f-

-

I 
' 8  

- 7 -

TIG E R  FLA THE A D  

Cro w d y  H d - Newca s t l e  

n- 2 1 5  

• • •  _ I  
3 0  � 8  5 8  6 0  

Broken Bay-Botany  Bay 

n- 1 0 8  

3 0  � 8  50  6 0  

Botany B a y -Jerv i s  Bay  

n - 1 2 5 7  

8 

Jarv i s  B a y - Moruya 

n- 2 2 7  

0 
Fork Le ngth ( c m >  

F i gure 4 :  Len g t h  frequency h i s t ograms for t i ge r  f l a t head caught 
between Crowdy Head and Mo ruya . 



T u b  le:: 2 :  ---- - -- - · ·----

Traw l 

O p e r a  L ion and 
C r u ises  86- 1 4  

S La r· 1  
Da le Time 

-8-

catc h data fur trawls  cond u c le d  d u ri n g  
a n d  8 f3- 1 5 .  

T ra w l  He d fis h 
Pos itio n  De p t h  Time Catc h 

S Lari. F i n i s h  ( fm ) ( m i n s )  ( k g ) 
-·---·-----------------------·-

86- 1 4-0 1 '.)0-6-86 2000 3 3° 4 8 ' 1 5 1 ° 3] ' ; 3 3° 4 4 ' 1 5 1 °  3 0 ' 70- G 5  6 0  1 10 
0 2  2 2 2 5  J 3° 4 l ' 1 5 1 ° 3 2 ' ; 3 3° 3 9 ' 1 5 1 ° 3 5 '  6 5 - 7 0  60 40 
03  1 - 7-86  00 1 0  3 3° :-! 9 ' 1 5 1 ° 3 6 ' ; 3 3° 3 6 ' 1 5 1 °  4 0 '  70- 7 2  fj() 80 
0 4  0 1 4 5  3 3° 3 5 ' 1 5 1° 4 l ' ; 3 3° 3 :3 ' 1 5 1 ° 4 4 ' 7 4  8 0  0 2  
0 5  O�H J  3 3° 3 3 ' 1 5 1° 4 2 ' ; �� :1 °  �� 5 ' 1 5 1°  40 ' 7 3 - 7 2  60  
06 0 5 1 8  3 :3° 3 6 ' 1 5 1 ° 3 9 ' ; 3 3° 3 7 ' 1 5 1 ° 3 6 ' 7 2 - 7 1 60 
0 7  0()50 3 3° 38 ' 1 5 1 °  3 5 ' ; 33°  4 1 ' 1 5 1 ° 3 2 ' 6 9 - 6 7  J OO 
08 1 000 :) 3 ° 4 5 ' 1 5 1 ° 2 9 ' ; 3 3 °  4 8 ' 1 5 1 ° 28 '  6 3 - 6 7  90 
09 1 3 5 5  :1 :1 ° 4 9 ' 1 5 1 ° 4 1 ' ; 3 3° 4 9 ' ] 5 1 ° 34 '  88·- 7 5  1 20 1 5  
1 0  1 7 2 5  3 3 °  48 ' 1 5 1 ° 28 ' ; 3 3 °  4 5 ' 1 5 1° 28 '  68 -65 oO 10 
1 1  1 8 5 0  3 3 °  4 4 ' 1 5 1 ° 2 9 ' ; 3 3° 4 3 ' 1 5 1 ° 3 1 '  65-68 oO 70 
1 2 , ,  2 0 2 0  3 3° 4 3 ' 1 5 1° 3 3 ' ; 3 3° 4 1 ' 1 5 1 ° 3 5 '  6 9- 7 0  6 0  2 
1 3  " 2 2 20 3 3° 4 4  ' 1 5 1° 3 2 ' ; 3 3° 4 5 ' 1 5 1 ° 30 ' 68- 66 60 1 50 
1 4  2 - 7 -86 0005 3 3° 4 6 ' 1 5 1 ° 3 0 ' ; 3 3 °  4 3 ' 1 5 1 ° 3 3 '  6 6-6 9 7 5  1 5 0  
1 5  0220 3 3° 4 3 ' 1 5 1 °  3 2 ' ; 3 3° 4 6 ' lf) l O  2 9 '  6 9 - 6 6  7 5  2 5  

1 6  04 1 5  3 3 °  4 7 ' 1 5 1 ° 28 ' ; 3 3° 5 0 ' 1 5 1° 2 9 '  6 8  7 5  5 
1 7  3-7-86 20 1 0  3 4° 0 4 ' 1 5  l 0 l 7 ' ; 3 4° 0 6 ' 1 5 1 ° 1 7 '  68- 7 2  n O  ]() 
1 8  2 1 40 34° 0 9 ' 1. 5 1 ° 1 6 ' ; 3 4° 1 1 ' 1 5 1 ° 1 4 '  7 2 - 6 8  6 0  5 

1 9  2 3 1 5  3 4 ° 1 2 ' 1 5 1 ° 1 2 ' ; 3 4 ° 1 6 ' 1 5 1 ° 1 1 ' 6 6-- 7 0  f)O 2 4 0  
20  'l-7-86 0 0 4 5  3 4° 1 6 ' 1 5 1 ° 1 1 ' ; 3 4° 1 2 ' 1 5 ! 0 1 3 '  7 0 - 6 9  9 0  5 0  

2 1 0 2 5 2  3 4 °  1 0 ' 1 5 1 ° 1 4 ' ; 3 4 °  0 7 ' 1 5 1 ° 1 6 ' 6 9 - 7 1 90 3 

86- J 5 -0 1 7 - 7 -86 1 9 4 0  3 4° 1 9 ' 1 5 1 ° 0 9 ' ; 3 4° 2 2 ' 1 5 1 ° 1 0 '  7 i -7 5  hO 3 0  
0 2  2 1 1 0  3 4 °  2 4 ' ]  5 1 ° 1 0 ' ; 3 1 ° 2 6 ' 1 5 1 ° 1 1 '  7 6- 7 9  60 4 5  
0 3  " 2 2 4 0  3 4° 2 7 ' 1 5 1° l 1 ' ; 3 4° 3 0 ' 1 5 1 ° 0 9 ' 7 9  60 2 5  

0 4  8 - 7-8() 00 J f1 :� 4° 3 1 ' 1 5 1 ° 08 ' ; 3 4 ° 3 1 ' 1 5 1 ° 0 5 '  7 7 - 7 2  6 0  6r:: ,) 

05  0 1 4 6 3 4° 3 2 ' 1 5 1 ° 03 ' ; 3 4° 3 5 ' 1 5 1 °  02 ' 6 8 - 6 9  60 9 0  
Ofi 0 �1 1 6 3 4 ° 3 6 ' 1 5 1 ° 0 2 ' ; 3 1 ° 3 9 ' 1 :i l 0 0 1 '  69-70  1;0 65 
07 " 0 4 4 7  3 4° 3 8 ' 1 5 1° 0 1 ' ; :3 4 ° �3 5 ' 1 5 1 ° 0 2  7 0 - 6 9 60 35 
08 0620 3 4 ° 3 4 ' 1 5 1 °  0 2 ' ; 3 4° 30 ' ] 5 1 ° 0 6 ' 69- 7 2  �o 
0 9  

" 0 9 4 0 3 4° 3 3 ' 1 5 1 ° 1 4 ' ; 3 4° :r n • 1 5 1° 1 2 ' 1 5 0- 1 5 7  1 2 0  1 
1 0  2025 3 5° 08 ' 1 50° 5 3 ' ; 3 5° l 1 ' 1 50° 5 3 '  7 1  oO 3 0 

1 1 2 2 00 3 5° 1 3 ' 1 5 0° 5 3 ' ; 3 5°  1 5 ' 1 5 0° 5 2 '  7 1 -7 2 60 3 5  

----- ------ - --·- - - - - - - - -------- ---- - - - - - - ---- - --·- - · · - - - - - - ·  
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'!l_�bls!. _ �: O pera L io n  a n d  catc h d a tu f"o r r e d fis h Lr:r n1 l s c :or1 d u c t.cd d u ri r 1 g  
C ru i s e s  86- 1 6 ,  86- l 7 a n d  8 6 - 2 :3 .  

T raw J Date 
S La r t  
Time 

Pm;i tion 
S Lart. F i n i s h  

------- -------·------ -- ----- -

86- l o-O l 1 4- 7 -8fi 1 9 2 0  3 4 ° 1 4 ' 1 5 1 ° 1 3 ' ; 3 4 ° 1 6 ' 1 5 1 ° 1 1 ' 

02  " 2 1 50 3 4° 2 0 ' 1 5 1° 0 9 ' ; 3 4° 2 3 ' 1 S J. 0 09 ' 
0:1 " 2 :1 20 3 4 ° 2 5 ' 1 5 1 ° 1 0 ' ; 3 4 ° 2 8 ' 1 5 1 ° 0 9 ' 
04  15-7-86 0 0 5 5  3 4° 2 9 ' 1 5 1 ° 0 9 ' ; 3 4° 3 2 ' 1 5 1 ° 0 6 '  
0 5  0 2 5 0  34° 3 3 ' 1 5 1 ° 0 5 ' ; 3 4° 3 7 ' 1 5 1 ° 0 4 '  
06 0 4 3 0  3 4° 3 8 ' 1 5 1° 0 2 ' ; 3 4° 4 1 ' 1 5 1 ° 0 2 ' 
07  0600 3 4 ° 40 ' 1 5 1 ° 0 1 ' ; 3 4° 3 7 ' 1 5 1 ° 0 1 '  

08 0940 .3 4° 3 9 ' 1 5 1 ° 1 2 ' ; 3 4° 3 6 ' 1 5 1° 1 5 '  
09 1 9 2 5  3 5 °  1 5 1 1 5 0° 4 4 ' ; 3 5° 1 8 1 lf)00 4 3 '  
1 0  " 2 1 4 5 3 5 °  2 3 ' 1 5 0° 38 ' ; 35° 2 5 ' 1 5 0° 3 5 '  
1 1  1 6-- 7 - 8 6  0 11 4  3 5 °  38 ' 1 50° 2 8 ' ; 3 5° 4 1 ' 1 50° 2 7 '  
1 2  0 3 4 3  3 5° 4 2 ' 1 5 0° 2 5 ' ; 3 5° 4 5 ' 1 5 0° 2 4 '  
] 3 0 5 2 3  3 5 °  4 6 ' 1 50° 2�3 ' ; 3 5° 4 9 ' 1 50° 2 2 '  

86- 1 7 - 0 2  
03  
04 
0 5  

06 
] ]  
1 2  
1 3  
1 4  
1 5 * 
1 9  
20 
2 1  
2 2  
23 
2 4  
2 5  

8 6 - 2 :-l-0 1 
02  
0 :1 
05 
06 
07 * 

2 1 -7 - 8 6  

2 2 -7 -8 6  

23-7-86 

I I  

2 4 - 7 -86 

9-9-- 8 6  

, ,  

1 0- 9 - 8 6  

2 1 40 
2 3 20 
0 1 00 
0 2 3 4  
0407 
2 3 0 5  
0030 
0 2 1 6  
0 3 4 6  
0 5 1 4  
2000 
2 1  '.:l 5 
2 3 0 5  
0030 
0200 
0 3 3 3 
0 5 1 7  

1 9 5 3  
2 1 2 1 
2 2 5 1  
1 q 24 
2 1 2 7 
2 3 1 1  

3 3° O J. ' 1 5 2 °  0 1 ' ; 3 2 ° 5 8 ' 1 5 2° 0 1 ' 
3 2° 5 7 ' 1 5 2° 0 2  ' ; 3 2° 54  ' J  5 2° o :� · 
3 2° 5 3 ' ]  5 2° 0 4 ' ; 3 2° 5 3 ' 1 5 2° 0 7 ' 
3 2 °  5 3 ' 1 5 2° 0 9 ' ; 3 2 °  5 3 ' 1 5 2 °  1 1  
3 2° 5 3 ' 1 5 2° 1 4 ' ; 3 2 °  5 1 ' 1 5 2° l P '  
3 2° 0 6 ' 1 5 2° 4 6 ' ; 3 2° 0 4 ' 1 5 2° 4 fi '  
3 2° 04 ' 1 5 2° 4 6 ' ; 3 1 ° 5 9 ' 1 5 2° 41 ' 
3 1 ° 5 7 ' 1 5 2° 4 8 ' ; 3  l 0 5 5 ' 1 5 2° 5 0 '  
3 1 ° 5 4 ' 1 5 2° 5 1 ' ; 3 1 ° 5 1 ' 1 5 2° 5 2 '  
3 1 ° 5 0 ' 1 5 2° 5 1 ' ; 3 1 ° 4 9 ' 1 5 2° 5 2 '  
3 2° 06 ' 1 5 2° 4 6 ' ; 3 2° 08 ' 1 5 2° 4 3 '  
3 2° 09 ' 1 5 2 °  4 3 ' ; 3 2° l 2 ' 1 5 2 °  4 3 '  
3 2° 1 3 ' 1 5 2° 4 3 ' ; 3 2 °  1 6 ' 1 5 2° 4 2 '  
3 2° 1 8 ' 1 5 2° 4 2 ' ; 3 2° 2 1 ' l 5 2° 4 2 '  
32° 2 2 ' 1 5 2° 4 1 ' ; 3 2° 2 5 ' 1 5 2° 40 '  
3 2° 2 5 ' 1 5 2 ° 4 1 ' ; 3 2° 2 3 ' 1 5 2° 4 2 '  
32° 2 3 ' 1 5 2° 4 2 ' ; 3 2 °  2 6 ' 1 5 2° 4 2 '  

3 4 ° 0 3 ' 1 5 1 ° 1 9 ' ; 3 4 ° 06 ' 1 5 1 ° 1 6 '  
3 4° 0 8 ' 1 5 1 ° 1 6 ' ; 3 4° l 1 ' 1 5 1 ° 1 4 '  
'.3 4 ° 1 2 ' 1 5 1  ° l :� ' ;  :� 4 ° 1 6 ' 1 5 1  ° 1 2 '  
35°  3 7 ' 1 50° 2 8 ' ; 3 5° 4 0 ' 1 5 0° 2 f:i '  
3 5 o  4 2 1 ]  50° 2 5 ' ; 3 5° 4 6 1 1 5QO 2 iJ  1 
35° 48 ' 1 50° 2 3 ' ; 3 5° 5 1 ' 1 5 0° 2 1 '  

. -· -··· · ··· - -- ·  · - -· - -------------- - -----· ---

* Gea r  fou le d ;  net bad ly damaged . 

T r-aw l He df ish 
Dc, p l h  

( f m )  
T ime 
( mi n s )  

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

7 6  7 0  
7 2 ·- 7 0  6 5  

69 6 0  
69-68 90 

1 5 2 - 1 6 5  1 2 0 
6 3 - 6 5  6 0  

6 4  5 5  
67- 6 6  6 0  
6 2 - 6 5  6 0  
fl :1-64  60  

6 '/ - 68 
66-50 
S 0 - 5 9  
65- 6 9  
7 2 - 7 5  
4 8 - 5 2  

4 7  
4 6 - 48 
4 8 - 4 5  

4 2  
5 0  
5 0  

5 2 - 4 9  
50- 5 1  
5 S - 5 6  
5 7 - 5 5  
5 5 - 5 6  

6 7  
6 8  
Ei SJ 

6fi -64 
64  
6 4  

6 0  
60 
60 
60 
60 
60 
7 0  

6 0  
6 0  
35 
6 0  
6 0  
6 0  
6 0  
60 
6 0  
60 

6 0  
60 
GO 
60 
70 
45 

Catc h 
( k g )  

1 5 0  
50 
50 
65 
1 5 
10 
1 2  
7 5  
40 

1 00 
85 
1 0 

l 

1 5 0 
3 5 

7 
60 

53 
20 
4 5  
4 4  
7 5  
5 0  
2 5  

8 
1 2 
40 
2 5 

60 
5 5  
5 0  

1 30 
60 
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'!J�l:?_.L�_  1 :  U rwni lion an d catc h  data for re d fis h traw l s  con d ude d d u rin g 
C rui.seH 8 6 - 2 4  to 8 6 - 2 8 .  

Traw l 

8 6 - 2 4 - 0 1 
0 2  
0 3  

8 5 - 2 5 -0 1 
02  
03 
04  
0 5  
0 6  
0 7  
08 
09* 
1 0  
1 1  
1 2 
1 3  
1 4  

86-2 6-0 1 
02  
0 3  
OH 
05  
06  
07 
08 
09 
1 0 

8 6 - 2 7 -0 1  
02 
03 

1 6- 9-86 

2 2 - 9-86 
" 

I f  

2 5 - 9 - 8 6  

" 

3 0 - 9 - 8 6  

2 - l 0 -8r> 
" 

8- 1 0-86 

" 

86-28-0 1 l J- 1 0-BH 
0 2  
03  
04  1 4 - 1 0 -86 
05 
06* I f  

08 1 6 -- 1 0-86 
09 

S tar t 
Time 

2005 
2 1 4 ::1  
2 3 H i  

2 04 2  
2 2 1 1 

2 :M l  
3 0 28 
1 4 1 0 
1 6 1 3 
1 9 1 7  
2050 
2 2 1 8  
1 430  
1 600 
1 8 5 5  
2 0 3 0  
2 2 1 0  

1 9 1 6  
2 0 4 8  
2 2 2 0  
2 3 5 2  
1 0 5 1 
1 408 
1 5 4 8 
20 4 2  
2 2 1 7  
2 3 5 2  
1 9 3 2  
2 1 0 1  
2 2 3 2  

1 9 2 8  
2 1 0 5 
2240 
00 2 0  
0 2 0 9  
0 3 5 3 
2 0 2 5  
2 1 5 6 

Posit io n  
S Lart F i n i s h  

3 4 ° 0 3 ' 1 5 1 ° 1 8 ' ; :3 4 ° 0 7 ' 1 5 1 ° 1 5 '  
'.3 4° 0 9 ' 1 5 1 ° 1 4 ' ; 3 4° 1 2 ' 1 5 1 ° 1 3 '  
3 4° 1 5 ' 1 5 1 ° 1 2 ' ; 3 4 ° 1 8 ' 1 5 1 ° 1 1 '  

3 4° 0 4 ' 1 5 1 ° 1 9 ' ; 3 4° 0 6 ' 1 5 1° 1 6 '  
3 11° 0 7 ' 1 5 1 ° 1 5 ' ; 3 4° 0 9 ' 1 5 1 ° 1 4 '  
3 4 o  1 0 ' 1 5 1 ° 1 3 ' ; 3 4 ° 1 3 1 1 5 1 ° 1 2 '  
3 5° 1 5 ' 1 50° 4 5 ' ; 3 5° 1 8 ' 1 5 0 ° 4 3 ' 
3 5 °  2 9 ' 1 50° 4 6 ' ; 3 5° 3 1 ' 1 5 0° 4 5 '  
3 5° 3 3 ' 1 50° 4 3 ' ; 3 5° 3 5 ' 1 5 0° 4 1 '  
3 5 °  3 7 ' 1 5 0° 2 9 ' ; 3 5 °  3 9 ' 1 5 0 °  2 7 ' 
3 5° 4 0 ' 1 5 0° 2 6 ' ; 3 5° 4 3 ' 1 50° 2 5 '  
3 5 °  4 5 ' 1 50° 2 5 ' ; 3 5° 4 6 ' 1 5 0° 2 4 '  
3 5 ° 1 2 ' 1 50° 5 7 ' ; 3 5° l 1 ' 1 5 0° 5 7 ' 
3 5 ° 0 5 ' 1 5 1 ° 0 3 ' ; 3 5° 0 2 ' 1 5 1 °  04 ' 
34° 5 6 ' 1 5 0° 5 9 ' ; 3 4° 5 3 ' 1 5  l 0 00 '  
:) 4° 5 2 ' 1 5 1 ° 0 2 ' ; 3 4 °  5 0 1 1 5 1 O 0 3 1 
34o  4 9 ' 1 5 1 O 0 2 ' ; 3 4 °  4 7 1 1 5 1 ° 0 3 1 

3 4 ° 0 2 ' 1 5 1 ° 1 9 ' ; 3 4° 0 5 ' 1 5 1 ° 1 7 '  
3 4 ° 0 7 ' 1 5 1 ° H i ' ; :3 4 ° 0 9 ' 1 5 1 ° 1 3 ' 
3 4° 1 0 ' 1 5 1 ° 1 2 ' ; 3 4° 1 3 ' 1 5 1 ° 1 1 ' 
3 4° 1 5 ' 1 5 1 °  1 1 ' ; 3 4 ° 1 6 ' 1 5 1 ° 0 9 '  
3 5° 2 0 ' 1 5 0° 5 3 ' ; 3 5 ° 1 6 ' 1 5 0 °  56'  
3 5 ° 1 4 ' 1 50° 5 8 ' ; 3 5° 1 2 ' 1 50° 5 9 '  
3 5 ° 1 0 ' 1 5 1 ° 00 ' ; 3 5 ° 0 8 ' 1 5 1 ° 0 1 ' 
3 4° 4 2 ' 1 5 1 ° 0 :1 1 ; 3 4 ° 3 8 ' 1 5 1 ° 0 2 '  
3 4° 3 7 ' 1 5 1 ° 02 ' ; :3 4° :3 5 ' 1 5 1 ° 0 2 ' 
3 4 °  3 :3 ' ]  5 1 °  0 3 ' ; 3 4 °  30 ' 1 5 1 °  0 5 '  
3 4° 0 4 1 1 5 1 ° 1 8 ' ; 3 4° 0 7 ' 1 5 1 ° 1 7 '  
3 4 ° 0 9 ' 1 5 1 ° 1 5 ' ; 3 4 ° 1 2 ' 1 5 1 ° 1 4 '  
3 4 ° 1 3 ' 1 5 1 ° 1 :3 ' ; 3 4 ° 1 6 ' 1 5 1 ° 1 1 ' 

3 4 ° 0 3 ' 1 5 1 ° 1 9 ' ; 3 4° 0 5 ' 1 5 1 ° 1 7 '  
3 4° -0 9 ' 1 5 1 ° 1 6 ' ; 3 4 ° 1 3 ' 1 5 1 ° 1 4 '  
3 4o  1 4 ' 1 5 1 ° 1 3 1 ; 3 4° 1 8 ' 1 5 J O  1 1 1  
3 4° 2 0 ' 1 5 1 ° 1 1 ' ; 3 4° 2 4 ' 1 5 1 ° 1 0 '  
3 4° 2 6 ' 1 5 1 °  1 0 ' ; 3 4 °  2 9 ' 1 5 1 ° 0 9 '  
3 4° 3 1 ' 1 5 1 ° 08 ' ; 3 3° 3 2 ' 1 5  l 0 0 8 '  
3 4° 4·0 ' 1 5 1 ° 0 1 ' ; 3 4 ° 3 7 ' 1 5 1 ° 0 1 ' 
3 4° 3 6 ' 1 5 1 ° 0 1 ' ; 3 4° 3 1 ' 1 5 1 ° 0 4 '  

T raw l  Hc d fi s h  
D e p t h  

( fm ) 
T i m e  Catc h 

66- 6 7  
66  

6 7 -68 

6 9 - 6 6  
6 5 - 64 

64  
64 

1 5 6 - 1 5 7 
84  
6 3  
6 4  
6 3  

8 :i - �0 
1 6 8 - 1 9 7  

6 7 - 6 8  
6 7 - 7 0  

69  

6 7  
6 6 -- 6 2  
6 1 -64 
6:1 . .  62  

1 6 7 - 1 6 1  
1 7 f )- 1 80 
1 7 8 - 1 8 2 

69-68 
66-6 7 

6 7  
68 

6 7 - 68 
n 7  

69-68 
67 

6 7 - 6 9  
6 9- 7 2  
7 3 - 7 4  

74  
6 4 - 6 6  
6 6 - 7 0  

( m i r i s )  ( k g )  

60 
60 
60 

(-)() 
60 
60 
(j() 
60 
60 
60 
60 
:w 
05 
(:)0 
60 
t>O 
60 

oO 
60 
RO 
38 

1 04 
32 
48 
60 
60 
60 
60  
fi(l 
60 

60 
60 
60 
7 6  
60 
1 0 
60 
60 

i� 5 
7 0  
20 

8 
40  
60 

l 
2 5  
6 0  
3 5  
20 
4 5  
0 1  
90 
70 
95 

18 
40 
5 0 
�10 

J 

7 5  
70  
80 
1 8 
2 2  
2 5 

1 5  
4 5 
95 
50  

1 0 5  
1 0 

105 
1 3 0  

* Gear fo u le d  a n d /or damaged at. fi n is h  positio n .  
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AP PEND I X  2 

R e d f i s h T a g  Mo r t a l i t y S tu d y  

b y  J .  H .  D i p l o c k  

I n t e r na l  R e p o r t  N o . 5 - D e c e mb e r ,  1 9 8 5  

F i s h e r i e s  R e s e a r c h  I n s t i t u t e 
P . O .  B o x  2 1  C r o n u l l a  � S W  2 2 3 0  

T e l e p h o n e  0 2  5 2 3 6 2 2 2  



R e d f i s h  T a �  � o r t a l i t v  S t u d v  

A i m  

T o  i n v e s t i g a t e m e t h o d s  f o r  h a nd l i n g  a n d  t a g g i n g  r e d f i s h 
( C e n t r o b e r vx a f f i n i s l a n d  t o  e v a l u a t e t h e  e f f e c t s  o f  t a g g i n g  o n  
s u r v i v a l . 

M e t h o d s  and P r o c e d u r e s  

1 .  H o l d i n g C a g e s . 

T w o  c i r c u l ar f l o a t i n g  c a g e s  w e r e  c o n s t r u c t e d  t o  c o n t a i n  
e x p e r i m e n t a l  f i s h . T h e  c a g e s  w e r e  d e s i g n e d  t o  b e  c o l l ap s i b l e  t o  
f a c i l i t a t e  t r a n s p o r t  a n d  t o  p e r m i t r e - u s e . F o u r  4 me t r e  l e n g t h s  
o f  3 0 mm PVC c o n du i t  c o n n e c t e d b y  w o o d e n i n s e r t s  a n d  s p l i t - p i n s a t  
t h e j o i n t s  c o m p o s e d t h e u p p e r  a n d  l ow e r  s u p p o r t i n g  r i n g s . T o  

t h e s e  w e r e  s t i t c h e d  t w o  1 0 0 m e s h  l e n g t h s o f  1 1 / 2 ' ' 1 4  p l y  p r a w n  
n e t t i n g . T h e  n e t t i n g w a s  p u r s e d a t  t h e  b o t t o m  i n  t h i s  i n s t a n c e 
a n d  w e i g h t e d  w i t h a 2 0 K g  w e i g h t t o k e e p  t h e  c a g e  o p e n . F i f t e e n  
5 K g  p u r s e  s e i n e  f l o a t s  w e r e  s l i p p e d  o n t o  t h e  u p p e r r i n g  f o r  

f l o t a t i o n . T h e  c a g e s  w e r e  t e t h e r e d f r o m  t h e  p u r s e d  l o w e r  e n d  t o  2 

l i n e  be t w e e n  t w o a n c h o r s . A f t e r  p r e f a b r i c a t i o n i n  S y d n e y  t h e  
c a g e s  w e r e  e r e c t e d o n  t h e  b e a c h  a t H o n e ym o o n B a y , t o we d i n t o  
J e r v i s B a y  a n d  a n c h o r e d i n  5 f a t h o m s o f  w a t e r  n e a r  t h e  e n t r a n c e . 

2 .  F i s h 

R e d f i s h  w e r e  t r a w l e d  by FRV " Ka p a l a "  i n  a p p r o x i m a t e l y  6 0 - 7 0  
f a t h o m s . L i v e l y  a n d  un d a ma g e d f i s h f r o m t h e  c a t c h w e r e  p l ac e d  i n  

t h e  v e s s e l ' s  b r i n e t a n k s i n  c o n t i n u o u s l y  c i r c u l a t i n g s e a w a t e r  f o r  

t r a n s p o r t  b a c k t o  J e r v i s B a y . F i s h w e r e  d i pp e d d i r e c t l y  i n t o  1 
me t r e c i r c u l a r  f l o a t i n g  c a g e s  f r o m  t h e  b r i n e t a n k s a n d  t o we d  b y  
b o a t  o r  d i v e r  t o  t h e  h o l d i n g c a g e s . 

3 .  T a g g i n g  

T h e  t a g g i n g  op e r a t i o n  w a s p e r f o r m e d o n b o a r d  a r u n a b o u t  t i e d 

t o t h e  h o l d i n g c a g e s . F i s h w e r e  s c o o p e d f r o m  t h e  t r a n s f e r c a g e s , 

m e a s u r e d  a n d  t a g g e d , t h e n  r e l e a s e d d i r e c t l y  i n t o  t h e  h o l d i n g  

c a g e s . T w o  s e p a r a t e t a g g i n g e x e r c i s e s  w e r e  c a r r i e d o u t  a s  f i s h 

w e r e b r o u g h t  i n  f r o m  t w o s u c c e s s i v e  da y ' s f i s h i n g . T h e  f i r s t  
d a y ' s c a t c h  w a s  u s e d t o  c o m p a r e  m o r t a l i t y  i n  t a g g e d a n d  u n t a g g e d  
f i s h a n d  t h e s e c o n d  t o  c o m p a r e  t h e  e f f e c t s  o f  t h e  t w o  d i f f e r e n t  
t a g t yp e s . 

F r o m  t h e  c a t c h  o f  t h e  f i r s t  d a y  4 1  f i s h w e r e  me a s u r e d a n d  
t a g g e d  w i t h  n umb e r e d  F l o y  " a n c h o r " t a g s  b e l o w t h e  d o r s a l f i n . T h e  
t a g s w e r e  l o c k e d  b e t w e e n  t h e  i n t e r i o r p r o c e s s e s  o f  t h e  d o r s a l  
s p i n e s . An o t h e r  4 1  f i s h w e r e  m e a s u r e d  and r e l e a s e d i n t o  t h e 

h o l d i n g c a g e s un t a g g e d . 

T h e  s e c o n d d a y ' s c a t c h  w a s  t r e a t e d d i f f e r e n t l y  t o  a v o i d  
c o n f u s i o n w i t h t h e  f i r s t  d a y ' s c a t c h . F i s h t a g g e d  w i t h  numb e r e d  
" a n c h o r " t a g s  t o t a l l e d 1 4  a n d  a n o t h e r  1 4  f i s h w e r e  t a g g e d  w i t h  
o p e r c u l a r  ( c h i c k e n - w i n g  s t r a p ) t a g s . 

A l l t a g g i n g and h a n d l i n g  p e r f o r me d o f f  t h e  " Ka p a l a " i;a s do n e  



o n  t h e  a f t e r n o o n  o f  t h e  d a y  o f  c a p t u r e . 

4 .  M o n i t o r i n g  

T h e  c a g e s  � e r e  k e p t  u n d e r c o n t i n u o u s  o b s e r va t i o n du r i n g 
da y l i g h t  h o u r s  f o r  t h e  f i r s t  f o u r  d a y s . D e a d f i s h w e r e  r e m o v e d  b - 
d i v e r  t w i c e  a d a y t o  m i n i m i s e  s t r e s s . F i s h  w e r e  n o t f e d  d u r i n g 
t h e e x p e r i m e n t . M o n i t o r i n g  c o n t i n u e d  f o r  s e v e n da y s . A t  t h e  

c o n c l u s i o n o f  t h e  e x p e r i m e n t  t h e  c a g e s  w e r e  t o w e d  i n t o  s h a l l o � 
w a t e r  a n d  t h e  r e m a i n i n g f i s h r e m o v e d . 

R e s u l t s  

T a b l e  1 b e l o w g i v e s  a s u mma r y  o f  r e s u l t s . A n  i n i t i a l 

m o r t a l i t y  o c c u r r e d i n  t h e f i r s t  2 4  h o u r s w i t h  l i t t l e  o r  n o  
m o r t a l i t y o v e r  t h e  s u b s e qu e n t  s i x days . T h e  r a t e s  o f  m o r t a l i t y 
w e r e  s i m i l a r f o r b o t h  d a y ' s c a t c h e s w i t h l i t t l e d i f f e r e n c e 

b e t w e e n t a g g e d a n d u n t a g g e d f i s h . A f t e r 2 4  h o u r s  t h e  r a t i o o f  
d e a t h s t o  i n i t i a l  numb e r s  ( b o t h d a y ' s d a t a  c o mb i n e d ) i s  v e r y  
s i m i l a r . T h e  r a t i o  f o r  t h e t o t a l  numb e r  o f  t a g g e d f i s h  i s  
s l i g h t l y  l o w e r  a t  1 3 % t h a n t h a t  f o r  t h e un t a g g e d  a t  1 4 . 6 % .  

T h e r e  w a s a n  i n c r e a s e i n  m o r t a l i t y a f t e r  t h r e e  d a y s  w i t h  
t h r e e  t a g g e d  a n d o n e  u n t a g g e d  f i s h f r o m t h e  f i r s t  d a y ' s c a t c h  

dy i n g  d u r i n g t h e  l a s t  f o u r d a y s . From t h e s e c o n d  day ' s c a t c h  on l �  
o ne t a g g e d f i s h d i e d  d u r i n g  t h e  l a s t  f o u r  d a y s . 

T h e  e x p e r i m e n t  w a s  t e r m i n a t e d  a f t e r s e v e n  d a y s . A l l f i s h w e r e  
i n  p o o r  c o n d i t i o n w i t h  in f e c t i o n s on the head , fin s and a n t e r i o r  

p a r t s  o f  t h e  b o dy . 

D i s c u s s i o n  

1 .  C a g e s  

T h e h o l d i n g  c a g e s  p r o v e d  t o  b e  e x t r e m e l y  p o r tab l e a n d  e a s y  t c  
e r e c t . T h e  c o n du i t c o n s t r u c t i o n r e s u l t e d  i n  a f l e x i b l e  s t r u c t u r e  

w h i c h  r o d e c o m f o r t ab l y  o v e r wav e s o f  u p  t o  a m e t r e  a n d  w i t h s t o o d  
w i n d s  o f  2 5 - 3 0  k n o t s .  T h e  a n c h o r i n g s y s t e m p e rmit t e d t h e  c a g e s t �  
m o v e  f r e e l y  i n  t h e  c u r r e n t  a n d d e s p i t e  a c o n s i d e r ab l e  b a t t e r i n g  

b y  b a d  w e a t h e r  a n d  h i g h t i d e s t h e  c a g e s  s u s t a i n e d  no d am a g e  o v e r 
t h e  s t u d y  p e r i o d . 

2 .  F i s h 

T h e  c a g e  d e s i g n p r o v e d  s u i t ab l e  f o r  r e d f i s h . T h e f i s h r a p i d l � 

s c h o o l e d up an d  ma i n t a i n e d  a s t e a dy p o s i t i o n facing t he current 
i n  the f u n n e l - s h ap e d  l o w e r  p a r t s  o f  t h e  c a g e . 
O c c a s i o na l l y  f i s h  mo v e d  ab o u t  i n  m i dwater but f o r t h e  m o s t  p a r t  
c o n f i n e d t h e m s e l v e s  t o  t h e  l o w e s t  r e g i o n s o f  t h e  cag e . Dis tre s s e �  
a nd dead fis h s ank and lodged in t h e  b o t t o m  o f  t h e  c a g e  mak i n g  i :  
u nn e c es s ar y  t o  c o v e r  t h e t o p o f  t h e  c a g e . O t h e r  s p e c i e s  o f f i s h 
w i t h d i f f e r e n t  b e h av i o u r  pa tt ern s may r e qu i r e t h e  p r e s e n c e o f  a 
r o o f o f  n e t t i n g  t o  p r o t e c t t h e  f i s h f r o m p r e da t o r s o r  p r e v e n t  
e s cape. 

W i t h i n  t w e l v e  h o u r s  s o m e  f i s h d i s p l a ye d b a c t e r i a l  i n f e c t i o n s  
o n  t h e  h e a d and b o d y  and s e v e r a l  s h o w e d  a c l o ud i n e s s i n  o n e o r  



b o t h  e y e s . T h e r e  w a s  a g r ad u a l d e t e r i o r a t i o n i n  t h e  s k i n  a nd e y e 
c o n d i t i o n  o f  a l l f i s h o v e r t h e  s e v e n d a y  p e r i o d . B y  t h e  f i n a l  d a y  
a l l r e m a i n i n g f i s h w e r e  e f f e c t e d t o  a s e r i o u s  e x t e n t  a n d t h e  
v i g o r  o f  a l l h a d  d e c r e a s e d m a r k e d l y . I t  i s  c o n s i d e r e d p r o b ab l e 
t h a t  i n j u r i e s  c a u s e d  du r i n g c a p t u r e  w e r e  e x a c e r b a t e d  b y  
c o n f i n e m e n t  i n  t h e  h o l d i n g c a g e s . H i g h w a t e r  t e m p e r a t u r e s  m a y  
a l s o  h a v e  b e e n  a c o n t r i b u t i n g f a c t o r . 

I t  s h o u l d  b e  r e m e m b e r e d  t h a t  t h e  t r e a t m e n t r e c e i v e d  b y  t h e s e  
f i s h w a s m u c h  m o r e  s e v e r e  t h a n  t h a t  e x p e c t e d  i n  a n o r m a l t a g g i n g  
o p e r a t i o n . A l l o w i n g f o r  t h i s  s e v e r a l c o n c l u s i o n s  m a y  b e  d r aw n . 
T h e r e  i s a n  i n i t i a l  mo r t a l i t y d u r i n g c a p t u r e d u e  t o  t r a uma i n  t h e  
n e t . L i v e l y  f i s h r e c o v e r e d f r o m t h e  d e c k  d o  s u r v i v e  w e l l a n d  m a y  

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

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

h a n d l i n g  a n d  t a g g i n g  p r o du c e s a s i g n i f i c a n t  m o r t a l i t y r a t e  w i t h i n  
2 4 - 4 8  h o u r s . T h e  e f f e c t  o f  t a g g i n g a p p e a r s  i n s i g n i f i c a n t  t o  t h i s 

s h o r t  t e r m h a n d l i n g  m o r t a l i t y . 

T h e  c o mb i n e d  e f f e c t s  o f  c a p t u r e , h a n d l i n g  a n d  c o n f i n e m e n t i n  
t h i s  s o r t  o f  c a g e  b e g i n  t o  p r o du c e  i nc r e a s e d m o r t a l i t y a f t e r  
s e v e n t y  t w o o r  m o r e  h o u r s . I t  i s  p o s s i b l e  t h a t  a n  a l t e r e d c a g e  

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

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

e x p e r i m e n t w i t h f i s h c o n f i n e d i n  a l a r g e  s e a wa t e r p o o l  t o  
e l i m i n a t e dam a g e  c au s e d b y  c o n t a c t w i t h t h e  n e t t i n g w a l l s . 

I t  i s c o n c l u d e d  t h a t  r e d f  i s h a r e  r o b u s t  a n d  h a r dy f i s h w h i c h  
w i t h c a r e f u l  h a n d l i n g c a n  b e  e x p e c t e d t o  s h o w a v e r y  l o w  i n i t i a l  
t a g g i n g  m o r t a l i t y .  F u r t h e r s t u d y  i s  n e e d e d t o  s h o w  t h e  l o n g  t e r m 
e f f e c t s o f  t a g g i n g a n d  t h i s  w i l l  b e  u n d e r t a k e n  w h e n  f u r t h e r  f un d s  
a n d  f a c i l i t i e s  b e c o m e  a v a i l ab l e .  

T a b l e  1 .  

D a t e  5 / 1 2  6 / 1 2  7 / 1 2 8 / 1 2  1 2 / 1 2  

F i r s t  T agg i n g 

Anc h o r  T a g g e d 
D e ad 0 5 1 0 3 

A l i v e 4 1  3 6  3 5  3 5  3 2  
Un t a g g e d 

D e a d 0 6 0 0 1 
A l i v e 4 1  3 5  3 5  3 5  3 4  

S e c o n d  T a gg i ng 

Op e r c u l a r  T a g g e d  
D e a d 0 1 0 0 

A l i v e  1 4  1 3  1 3  1 3  
An c h o r  T a g g e d  

D e a d  0 2 0 1 

A l i v e  1 4  1 2  1 2  1 1  



App e n d i x 3 

L e n g t h  f r e qu e n c i e s  o f  c o mme r c i a l  c a t c h e s  
o f  r e d f i s h  f o r  t h e  ma j o r  N S W  p o r t s o f  l a n d i n g . 



1974- 1976 

1975- 1970 

1976- 1977 

N: 14&"6 
x:26 . 00 

M:2 172 

x:24. 5S 

H:it281 
x:24 . 33 

1977· 1979 

1978- 1979 

1979- 1900 

F i gu r e  1 .  Le n g t h  f re que n c i e s  o f  c o mme r c i a l  c a t c h e s 
o f  redf i s h  f ro m  t he Newc a s t le a r e a . 

H:285J 
x:i4 . 3� 

35 40 

H:2639 
x:23 . �0 

40 
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I 1 i. F 1 

2 
2 
1 7. F 1 
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1980-198 1 
H: !565 
r-23. 65 

19'31· 198'2 
H:414 
r-25. 12 

198'2- 1983 
tt:m 
x:22 . 93  

F i g . 1 c o n t inued 

1983· 1984 

1984-1985 
2 
2 

2 
2 
1 

H:3434 
r-23. 52 

H:732 
x:22 r 8 1 

H:3712 
x:22 r 41 



25 

2 

7. F 
1 

I 1 

2 
2 

7. F 
1 

I 1 

1986- 1937 

1987· 19re 

F i g . 1 c o n t i n u e d  

K:S33 
x:2 1 . 39 

35 



. . .  

2 

2 

x r : 

25 
2 

l.F : 

25 
2 

1974- 1975 

1975-1976 

30 
1976- 1977 

H: 128'a 

x:24 .50 

H: 1378 

x:22 . 9'2 

2 

2 

40 

2 
2 

1 

1977- 1978 

1978- 1979 

30 
1979- 1930 

H:3736 

x:2 1 . 96 

. 35 

H:3874 
x:2 1 .  35 

H:2867 
x:23. 95 

35 

F i gure 2 .  L e n g t h  f re qu e n c i e s  o f  c omme r c i a l  c a t c h e s o f  
red f i s h  from t he S ydney a r e a . 



25 

2 

I 1 

. 

7. F 
1 

1980-1981 

1931- 1%1 

19S2- 1933 

F i g . 2 c o n t i n u e d  

H:3137 

x:22 . !J  

H: 1632 

x:22 . �  

H:l386 

x:22 .33  

25 

2 

25 

2 

1 

1983- 1984 

30 

1984-1985 

30 
1�· 1936 

H:4973 
x:2 1 . 65 

' 35 

H: 1 100 

x:2 1 . 63 

H:413J 

x:2 1 . � l  

35 



1986- 1987 

198.7· 1� 

25 30 
LCF (en) 

F i g . 2 c o n t inued 

H:� 
x:2 1 . 03  

H: 1871 
x:20. 00 



25 

2 

7. F 
1 

I 1 

2 

2 

25 

2 

z r :  

197 4- 1975 

1975- 1976 

1976- 1977 

H:28 1 1 
x:24 ,43  

H:315S 
x:24. 1 1  

H:SU 

x:25. 68 

40 

1977- 1978 

25 

2 
1 

1978- 1979 

20 25 30 
1979· 19W 

2 

2 

1 

1 

F i gu r e  3 . Le n g t h  f r e que n c i e s  o f  c omme r c i a l  c a t che s 
o f  red f i s h  f rom t he Wo l l o n g o n g  are a . 

H:2548 
x:24.33 

35 

N: 1739 
x:23 . 68 

J5 

H: 1 100 

x:25 . 25 

35 

40 



1500- 198 1 

25 
2 

1981- 198'2 

25 

198'2- 1983 

2 

2 

1 7. F 
1 

F i g . 3 c o n t inued 

�712 
x:25 .55 

H:80t7 
x:23.82 

35 

H:U6 

x:23. � 

2 

1 

25 

2 

1 

1983- 1984 

1?34- 1985 

30 
1�· 19U 

H:W 

x:22 . U  

35 

H:438 
x:2 1 .83  

H:1 177 

x:23. 32 



19&5- 1987 

�5 30 
LCf (�) 

F i g . 3 c o n t i n u e d  

�72 1 
x:23 . 7 1  

H: 147 
x: 19. 32 



25 

is 
2 

I 1 
I. F 1 

197+ 1976 

1975- 1976 

1976- 1977 

H:552 
x:24. 43 

N:3127 
x:25. 15 

H:3227 
x:25. 79 

1977· 1979 

40 
1978- 1979 

is 
2 

40 
1979- 1980 

F i gu r e  4 .  L e n g t h  freque n c i e s  o f  c omme r c i a l  c a t c h e s 
o f  red f i s h  f rom t h e  U l ladu l l a  are a . 

H:1 12 1  

x:25. 67 

35 

H:U70 
x:24 . J4 

35 

H:2154 
x:24. 07 

35 

40 

40 



2 

2 

x r :  

1980- 1981 

1981- 1982 

30 

19S-2- 19ro 

F i g . 4 c o n t i n u e d  

H: 1486 

H: 1467 

x:22 .90  

H:24U 

x:22 . 86  

1983- 1984 
25 

H:5603 

30 35 
1n+ 19$ 

H: l3 1 1  
x:23 .�  

35 



1986· 1987 

198l- 1m 

F i g . 4 c o n t inued 

H: 1230 
x:23. 97 



25 

2 

1 Y. F 
1 

2 

1974- 1975 

1975· 197 6 

1976- 1977 

H:20l7 

x:26 .89  

�17� 

x:26 . 39 

40 

25 

2 

2 

2 

1 

2 

1977- 1978 

1978· 1979 

1979- 1?30 

F i gure 5 .  Le n g t h  freque n c i e s  o f  c omme r c i a l  c a t c he s  
o f  r e d f i s h  f rom t h e  B e rmagu i area . 

' 

H:2442 

x:25. 15 

J5 

H: 13S8 

x:25. 00 

J5 

H:432 
x:24. 22 

40 

40 



1980- 198 1  

25 

1981- 1%'2 
25 
2 

u :  

198'2- 19&3 

F i g . 5 c o n t i n u e d  

H:599 
x:23. !iJ 

H: 1� 
x:23 .92 

H:Y'24 
x:24 . 3 1  

1983- 1984 

30 
1r-34- 1m 

2 
2 

35 

H:316 
x:2 1 .  % 

H:2U4 

x:2 1 . 6 1  

40 
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2 

25 

1986· 1987 

1987· 1� 

F i g . 5 c o n t inued 

H:877 
x:22 i 70 

40 
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2 

7. 
F 1 I 

1 

I 

25 
2 

H :  

" 

1974- 1975 

1975- 1976 

1976- 1977 

H:350 
x:25 i 44 

H: 1355 
x:24. 8'2 

H: 1 18.J 
x:25 . 28 

40 

25 
2 

2 
2 

1 

25 
2 

1977- 1978 

' 1978- 1979 

1979- 1?30 

F i gure 6 .  L e ng t h  f r e que n c i e s  o f  c o mme r c i a l  c a t c h e s  
o f  r e d f i s h  from t he E d e n  a re a . , 

H: 1sa 
x:25 . S3 

35 

H: l� 
x:25 .36  

35 

H:346 

x:25. 00 



1930- 1981 

1981· 198'1 

1%'2· 1983 

H: 1530 
x:24. 62 

H:426 
x:25 .77 

35 

H:1202 

x:23 .89 

40 

40 

1?36· 19&7 

1987· 1988 

25 30 
LCF (Cl!) 

F i g . 6 c o n t inued . N . B .  No d a t a  ava i l ab le f o r  1 9 8 3 / 8 4  
a n d  1 9 8 4 / 8 5 . 

H:301 
x:24 .73  

35 

H:2 184 
x:24 . 49 

: • .  : I I I I I 
40 '.. '.i 

H:650 
x: 19 . 73 






