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Age and growth of southern bluefin tuna Thunnus
maccoyii (CASTELNAU) by use of scale
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Synopsis

The present paper deals with determination of age and growth of southern bluefin tuna by
use of rings appearing on the scale. The samples were taken from 2, 240 fishes in 1963-1968
around Australia caught by Japanese longline fishery, and in addition, the scale samples of 268
fishes taken by Australian surface fishery were offered from Division of Fisheries and Oceanography,
Commonwealth Scientific and Industrial Research Organization (Fig. 1).

Growth curve was estimated only upon data from 2,240 fishes caught by Japanese longline
fishery, because scale sampling in both fisheries was made from quite different part of fish body.
Growth curve thus estimated was examined by mode of the length frequency and also by growth
of tagged fishes. In addition, it was compared with the result (ROBINS 1962) drawn from length
frequencies of the surface fishery catch.

Observed values of scale reading were standardized by a formula relating scale radius and
fork length.

The results are as follows;

1. The scales were successfully read for 1,025 specimens among 2,508 samples. The rate of
success is decreasing for the bigger fish (Table 1),

9 Growth of scale against fork length seems allometric. However, it appears linear for fish
less than 153 cm. for which successful scale reading was done. Therefore, a linear relation
was represented between fork length and scale radius (Fig. 3).

3. Ring on the scale was ascertained to bz formed regularly from the following facts, a: The
ring count increases with developement of body length (Fig. 4), and b: A similarity in a
relation between scale radius and ring radius in a fish of F.L. 94 cm. female, and as well,
among five scale ring fishes (Figs, 5,6). Furthermore, ¢: marginal increments indicate that
each ring on the scale is formed once a year with regular time interval from September to
October (Fig.8), that is, the rings oa the scale of southern bluefin tuna are the annuli.

4. The  Lee’s phenomenon ” was observed oa the calculated lengths at each mean ring formation
by age class (Table 3). It looks like suggesting the effect of fisheries selectivity. Therefore,
the growth curve and growth equation were calculated by the mean value of three to eight
age class (the last column of Table 6) in order to make the least effect of fisheries selectivity.
The von Bertalanffy’s equation calculated by fork length corresponding to full age is as

below,
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Growth curves closzely resemble among the sexes.

5. Growth of southern bluefin tuna estimated from leagth frequencies of Australian surface

fisheries catches (ROBINS 1962) was slightly rapid than that obtained by th= present study
(Fig. 10), except for the young stage.

6. Growth of tagged fishes is generally slow than that obtained by the present study (Figs.
13,14) and yet, the differences are not so significant, considering possible inaccuracies of
measuring tagged fish length and possible hindrance in growth dus to tagging.

7. The yearly variations of growth during 1963-1968 do not seem so big (Table 11),
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Fig. 1.

Map of sampling area

Table 1. Number of southern bluefin tuna of different length class for scale reading,

captured by longline and surface fisheries in the Australian waters, 1963-1968

Longline fishery

Method of Surface fishery
fishing II;IO. of fish taken NQ. of fish dgter- No. of fish taken! N_o. of fish dgter-
y scales mined by scale rings | by scales ‘ mined by scale rings
1963 591 \ 219 211 154
1964 1,026 | 418 57 47
1965 333 67
3| 1966 99 } 15
> | 1967 102 56
1968 89 ‘ 49
Total 2,240 | 824 268 201
| 31—40 1 13 13
“ 41—50 ‘ 24 23
5160 43 37
6170 3 2 54 42
| 71—80 53 31 77 57
| 81—90 107 73 38 18
g 91100 195 143 19 1
~ | 101110 336 224
& 111120 348 167
< | 121-130 331 83
% | 131140 320 65
& 1150 317 32
151—160 165 4
| 161170 16
171180 15
| 181—190 4
‘ Total 2,240 824 268 201
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Plate
Scale with one ring from a fish of 40 cm. Scale with two rinés from a fish of 62 cm.
F. L. taken in western seas of Australia F. L. taken in western seas of Australia

by ESTELLE STAR by ESTELLE STAR
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Scale with three rings from a fish of 81 cm. Scale with four rings from a fish of 108 cm.

F. L. taken at Lat. 44°S, Long. 97°E. by F. L. taken at Lat. 43°-46°S., Long. 147°-
FUMI MARU No. 2 150°E., by FUKURYU MARU No. 21

Scale with five rings from a fish of 123 cm. Scale with six rings from a fish of 124 cm.
F. L. taken at 40°S., 176°E., by MIKUNI F. L. taken at Lat. 33°-38°S., Long. 152°-
MARU No. 31 155°E. by SHOYU MARU No. 2

Scale with seven rings from a fish of 138 cm. Scale with eight rings from a fish of 147 cm.
F. L. taken at Lat. 27°S., Long. 105°E., by F. L. taken at Lat. 30°S.,, Long. 100°E., by
GENYO MARU MATSUSEI MARU No. 15
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Fig. 2. Relation between fork length (F.L.cm.) and scale radius (R, mm.) of
southern bluefin tuna taken by Japanese longline fishery straight line
denote regression line of scale radius on fork length for fish of 71-153cm.
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Fig. 3. Relation between fork length and scale radius (R.) of southern
bluefin tuna taken by Australian surface fishary

R=—0.481+0.033L (3)
MHTREE S TORADRYFERFERBEOERBYIO TN &BHSHICED, —RO BB TR
PHCHANTEL > T Do TOEN G, IS XY, GRREAOHEICLZSDEEZLONE. KER



236 17 HE 53 H

EOWEY PO RBLIZ b DI, TOHBDL, TREMYO LD L IRBMPAIAR - TV B0 T, TBIE
MEOBEREE “CA” ICLTHERTICLRTERNLITHY, REMBOBRI ICIEBRENODE
Ko HAEFHEH Lo

3. B oA

T TIRBEARNRTE/ 1,025 B3 1~8 BD LD TH-7co TNSDMEMESHEL LTENTHS
fedicis, ek, WYRICE O2EFD X I WRAMESKETH 5.
D W OBIEREDRENHDEL N,
2) A—fEkD» SR LD TR, BRI —ETHY, LrbEmIOBD B 2 HEAIE & ig—
BT 5.
3)  HRBERDEH LR S R L fciiic b, 80 RITB T 2 SRk I AR s —Ed B,
H nFRE 0 L1 FH (DS - 72imp) OMTR, WAMERARZREY, TOVEERERICES,
NS DEHBEBKRND 2DIC, DEDKRIFEIT- 1o
1D E U O R R AR i Lo
2) {hE 6dcm HED 1 FERDRIFICE T 22 DA S RESDES 56 KOBEZRIL T, Th oD
DEAENZT A, BE, WEERAENE Lo A0 M ME DE—M 38R & iR & AIRIE G4 @ 5 EARE
FICHD, ReDEBPHBICERZ D E DI MITK > THRIE Lo
3D BHOZVLSWMICONT, KRR THIE L7 BERIE L iR OIS %82 BURHER LICaEd 20 E
D A NTo
4 1~8 Dk AR S & O EiRAR 2 i Lo
NS DHBRESEIT > IHRBUATOTELLTH %o
D wEAHFETE R 1~8 WOKEMRE LT 2L, Ll LcaiRidRmEsh T %,

No.FISH «——= LONGLINE FISHERY
g /\\ N SURFACE FISHERY 1 ring fish
o/ il A o
7
5 / A
” - 2
Z s L% e
‘ e 3
peed ORI N e
40 N A
£ AN 2
20 A sl ’ N ¢
2 o-og T e X\"A
oy
20 - “/ A 5 o
."’"//‘ \'v‘\.
20 1
10 1 f\/\zr‘/\/\ o
7
10 1 /f\\
110 A g8
P i O
T T T T T T T T T T ¥ T T
41 51 6l 71 81 9l 101 I 121 131 141 151 161
F. L _icm

Fig. 4. Length composition of fish with one to eight rings caught by longline
and surface fisheries in the Australian waters, 1963-1968
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Fig. 5. Relation between scale radius (R) and ring radius (r) of scale taken
one side of caudal pedancle of a female, 94 cm in fork length
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Fig. 6. Relation between scale radius (R) and ring radius () of 266 fishes with fiv
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Fig. 7. Ring radius frequencies of one to eight ring fish by ring count

Table 2. Mean(M.mm.) and standard deviation(S.D. mm.) of ring radius and fork
length(/,cm.) when the ring formed calculated from formula of relation
of ring radius and fork length
e S i 7 s % 7 ’ 5 7 ; 7s
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» \ M num 0.632 1.158 | 1.613 2.003 2. 305;7 27599 2.840 \ 3.07;
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g | 5. Dy, ( 0.07 0,11 0.11 0.12 0:12 0.11 0.07 0.05
S m ‘ 22.66 48.01 68.83 87.74 103. 73¥ 117.50 128.02 139. 40
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1 fé-39.4cm, 2 ffi-62.1cm, 3 ffa---81.5cm, 4 Ff---98. 1cm, 5 ffa--112.4cm, 6 ff--
124.6cm, 7 F#---135.1cm, 8 fHi---144.1cm
L1550 TTTHEIDHFER X Z2ESIEHRRICOVTERZTH S, b L, MHCHGET & oMk, #iuc
B 3 RESOENS OBEAEATHINE, EHNEKEOMBKZ I TEZRO20OMHZTHE K E %
RO BBEICHEST 2REAEGTHOVEVSHEI ORIV HFHETH S, LrL, BEICE - TESNLERD
SHEE L7cRED, whickd 2O R + v 7 OEEEREARM LTV 2 LW IR TV, »hic,
MPBZ by I DSDBIEAREATHZ E LT, B U EADRED > O MIEA I S e E @RS S0
L, 51T, MWECHEED T & MRS EAEADO LI T E N s e X D W BEELSRES NS X DI, EIEL
EAD SHESNDKEBRNE SN TOIOAERD i LAKRENWEEZI OGNS, ESATEET - 1Bk
DOHEMRL, £7cid, TVIED» SHEHICBE 2 X by 7 O EEAMIEEREAS R 2 fonicid, itk 2 £
DALy 7o DIEBEATH 2% DL LENH L. BETHE, <7 o o0 THRIEMD SR
LiFhD R by 7 EOBBEEEWD 2 EE S0 LrL, 2O ERDOVTOTHY %2 LEE HERH(ELE
TEMEIMICE->TIHRBTENTEL Do /BT F L, A /NFICONT LEE BENFEDHOLNTEH
D GEARRFER, 1T/ - B 1963), F A TRAFHTERREDOIV DA, GEATEIHEOE D%
BELTNEX>THD BAKEE). Wim LEE BIRIFMBDBIMEDAHICE > THET 26D TIR>EL,
K OMDERBHY (AfF -« HIE 1957), KELHBREEOREENLAL Tz BEaicbiiffshs, 17
1w oDGA, BOBRERAREZATLHLAL TR EZNNUINEWE2RMLELNEI LI TH-
7o, BNz X DI, BT E /2 153 em PIFD DIV TR EMEATELZ GO EHEIEN
MEMEF LIENC EICEBEBINSVEEIOND, T, BOIFHICOLTRAXATE2S AH TH
D, A—EE»SBEAICH > GHEERBT 2 EICk-> THOMICENE L EDNE, COHITIIEBR
Wi, M AT LA M) —DEAZTILEND D,

REUAVEISE T & 72 824 KT DOV T, ERBNTIREIEFEE O VKR ELFRE L1z, TOHE, KE#kuods
BHEEKRER 7 FHEBRO THSHIC OV TROIZEDBRREDOHNASNSE (B3 &) DX ICHD M
LT % HE 180 fE{A, M 104 KIS DWW T, KA mBUERE O Ak B R EASINCEE S 5 &, Mo (g
3 MEKDBR TS ZH, 8 FHRLORHIIMEN NIV EVIESD LD SRDIBELDREN, 201
b, HED 3 FEOD 2%, 5 FHED5E, o3 Yo 1, 2 MOMEAENL D EESDOEDMSRDIED L
DINELIE5TWBe LL, Dis &b 6 FRFTREMEOABIL LEE HRDEANE D 5N b, TL
T, 7, 8 ¥y TR LEE BIRMASHENG REINSLI LI THD, TD 6, 7 FAEI LT LEE HRDHD
NHDBEDLEDICHAZDLD, TDHEICONTE, INWELEL, B, HFEORMTHEhLL Do
M, 6, 7 FEFIF I 0DAEDOENT BES, Thabb, 1F I/ 00MAKE IR 130cm TH
O, TCTHEE LA 6, 7 FiE 124.7cm, 137.7cm THY, 6 FPL DR, 7 VPSR ABESD T
EMTE& R, LT, IF 1770300, Rk&H, REHTHRICTADITED, RALKE D 3 &
BESPICOES » THRKK 2 B oA — 2 + 5 Y YILEIGICBEdT 2. 220, KA E RRETIREEEM
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Table 3. Calculated leagth(cm.) of southern bluefin tuna for each annulus

Age of Fork length at the formation of: Number
SX | aen st 2nd  (3rd  4th |5th |6th  |7th  |8th of fish
annulus [annulus |annulus [annulus |annulus [annulus |annulus |annulus
- 2 30.0 60.8 6
z 3 24.0 | 50.1 | 72.7 91
%: - 4 22.8 47.8 70.0 89.6 266
E g 5 22.2 46.9 68.1 86.7 102.9 266
:._»E 6 22:.1 46.4 67. 7 86.3 102. 2 117.0 1
L 7 23.0 47.6 68. 6 87.0 103.0 117.4 130.9 64
= 8 21.6 46.7 67.6 85.0 101.1 115.2 128.2 139.7 20
3 25.0 50.5 75.9 11
4 23.4 56.9 70.7 90.9 58
et ) 22.5 47.6 68.4 86.7 94.8 71
% 6 22.0 46.6 67.9 86.0 101.5 116.4 29
T 20.8 4.1 65.0 84.4 99.7 114.3 127.8 8
8 24.1 51.1 71.8 88.0 103.5 115.8 128.1 139.6 3
3 22.1 | 48.3 | 72.1 i 1
© 4 23.3 48.5 70.3 90.1 24
= 5 22.8 47.8 69.1 87.8 { 104.7 44
EJ 6 21.9 46.0 67.8 87.0 | 103.8 118.7 24
7 223 48.0 66.5 83.8 100.0 114.5 127.6 8
8 22.9 47.0 66.5 84.1 \ 100. 3 115.6 | 128.8 139.4 3

Bz (HE 1967 BADEERL 6 YL FREA—2 F 7 ) YERITELS 2 A<= ViE, =a—Y—F U F
MEicind TEIZ S DMNFRAET, 30°S VLD FESSD» 5 D 6D Enic 1.5 RBicd &5, 7, 8 ¥ T
FZ DMK FEEIEN OB TS (4K TOEDIT, 6, 7 FIIAREDHEENLED, ThicfknEE

Table 4. Number of individuals of immature, two through six age and adult,
seven and eight age determined as such by scale reading

Number in parenthesis denote percantage

Age North of 30°S. .South of 30°S. o

group West of 130°E West of 110°E. East of 110°E. Total

5 & il 51 678 740
a.s 6.9 (91.6) (100)

g 45 3 36 84
(53.6) (3.6 (42.9) | (100)

OBFMUBLENT B EB—IEELZONS, LL, BIRIKAHLNEZTEL, 7TFHTRIX LEE DK TH S
2, 8FTIR7 XML /IS, X LEE HERF—EHLTASNE (Hf, HOBAF 8T S»bEZ
T, BRMOB X HHE D AREIEHBD, T TH—IE—E L7 LEE BIRDEATDHEERX Bo

T RSB O HEAEICED S LEE BHRH e L, MEORFNMANML T30 TH
i, SN EROESIFERE TR T, WEUERO VERREIC K > TREMBRAEHEE Lichn
FELWEE5Z 2139 ThHbo

T TR, STE 2 0MBROFESEEE LT, BeHES TE MK K 2 BiRCTEEME 8 1~8 )
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DEEERE GF 2 ROMAR, #, HOK2DHDOETHD K20 THATH L. NS DA TEANIC
FBHRERNOBEAEHEET) &, SAQEMR EICE S, 06, BEBIDE0, HE HRAICOVTH
TH$II D VON BERTALANFFY OREADSHAET 2L 1A 5. TN 5 DED S RDIBEEREE

Lo K to
AR 205.9 cm 0.146 0.211
I 201.4cm 0.149 0.184
i 202.4cm 0.149 0.193

ERD, WIN I —KLIBEL TS, T, KEMBOMEXELNDT, DBROERTRMENIC
FEERDIENC EICT 5o

50T, BeEiIcoAE, L, MEOREREICK > T LEEBRNL UBaiid, RERBEESIIC, 2
0, FRUKE S OHER X2 ESITEEEREIERBORRAME L, i o DiEA RO THE LI ES
DRERD O RO TFESBHEEREATH LT, WHTRA Ly 70T 3 RERKEHT 3 LESH 5,
FEABNCHEE UIcETEAE (B3 4) AAWT, WALFORD Oz Mlic 2 DDl EdisRpons 3 F Dk
DHDICONTRFE EICEERD B &, BESLIEER LI, COEEXNDIYFEREN»S VON BERTA-
LANFFY OREROE KA SESRICk» 3 &, 3 20%EBICIR, HHEMLOEFEROMICE, —EBHL:E

Table 5. Parameters of vonBertalanffy's equation estimates for three to eight age

Age 1 Loo (cm) K ‘ t, (year)
3 218.9 0.144 } 0.193
4 235. 6 0.126 0.195
5 210.7 0.140 0.218
6 220.5 0.130 0.191
7 224.2 0.128 0.158
8 205.2 0.145 0.245

AE& s (85K,
B5ROFEMEROT, SERICEY 2 EMMIEMKRAZFA Lic (6 2. BEOREFMSSHOT=

Table 6. Calculates length(cm) at ring formation in each age calculated from
vonBertalaffy’s equation, Parameters of which were given in table 5

Numerals in parenthesis denote extraporates values

Age of fish 1st 2nd 3rd 4th 5th 6th 7th 8th
annulus annulus annulus annulus annulus annulus annulus annulus
3 24.0 50.1 72.7 92.2) (109.2) (123.8) (136.6)  (148.6)
4 22.7 47.8 70.0 89.5 (106.5) (122.0 (135.4)  (147.2)
5 21.8 46.5 68.0 86.7 103.0  (117. D (129.3) (140.0)
6 22.0 46.2 67.5 86.1 102. 5 116.9 (129.6)  (140.7)
i 22.9 47.1 68.3 87.0 103.5 118.0 130.7  (141.9)
8 21.3 46.1 67.6 86.2 102. 2 116.1 128.2 138.6
Mean 22.5 47.3 69.0 88.0 104.5 119.0 131.6 142.7

by 7 RORRD XONED RO BN IO DABAL Lickd3E, H6XDERIREOFVLD, 7
WHDEMBELTVEEBEADIENTE 2, FHNLGKREMBEBR LS 42L&, SESBICEMNLIZLOD
DOFAEERCNE IV EEZONDS E6EK T, INOOTHIC LD EENAEFE L &, AHiz—HE
BECELDY (BEBIXD, VON BERTALANFFY DREANHTEHONDE. WERDEHAERKD S &,
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Fig. 9. Walford's diagram of southern bluefin tuna Growth based on mean
length given in Table 6

Ls 219.7cm, K 0.135, t, 0.212 2182, Wmid 10 Ak E 45L&, (F3Ii=7aiF, 97
H+00.212x127 B)=11.57 A dtbb, 12 ApaicREL T &icis b,

ESRNICRD TG FREEZ Kl & 42 2D HHER, LEE BRMEA SN, Lhrd, ThasiBEo@ERiEick
WALTW3 WD ONTEAICERL BN FETHS. T T THK - EFTIE LEE HEHIRESH
5DT, E0HATHEIOHETRDIKEMBERDZUNTHEEEZTEL o, T TESIICHEE
LB E D O Kb 1o it D TR D R E A BT L1cds, & L, RESTERNICE SN RAR
DEEBOPIT LD E LOWESHITEERENRRHOSNETHA D,

INFTTRNTE 32D HEIC K > TR EXDOHE AL 5 &

i Lo K fo -
1 198.2cm 0.154 —0.437
2 205.9 cm 0.146 0.211
3 219.7 cm 0.135 0.212

L1350, Lo MAREXOVLE K OHIF/INSV 314 12700 KEABAEVIANOE U TRZOLDT, fo O
PIBOBREMEAICH L TR ORELERE L1280, D 2 DD FE L & K 3AICHEE S > T 5,
ZZTE Le IOV T 32D HEM S RO IEIEAEBET L TH %,

IF IS oDEMEINTOBAEAAER 225cm TH2EAHS, 180 cm P DA BT S s fricd
154, &5iT, 200cm PO OO HBEBEEFME D > TE L, 1958~1965 FMICHKEM, MEMICEK -
THRIEENI28 10 HRD S bEMIT 20 BICTE 0. LEd-T, 22 THONKL3I DD L DHHT
13, WHEREEICH 2 oDfE 205.9cm & 219.7cm L —IREHURLEDENZ LD, 51T, b LIEE
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OEFHEDEO TO B ERE L7 GEId, B3O HENRORALEDTH LT THS. Lch-T, B
3D SRS IR

—0.135(¢—0.212)
L:=219.7 {17 }

. ¥ ARD A4
EHOZTEICT D, 22T, ZOXDSFEENIEEMBRREIERIAZEZSE LTHESNIZLDOTH
bo LIcoT, BARZIISEE LcbDICHEST IHLEND S,

IFIT/aDERRIZI AN EBFED 3 HOKEEDEIBICH Iz 5o T d (=4 « thff 1959, RoOBINS
1962, AKJII 19640 ZD XD T, MBHABICHAER DS DFESAHEET 5DRFEFICHETHLDT, i
oD 1 AEEESRET S, £59 5L, EIEEHRUERIAD 9, 10 A&Ed8g3 7 A (0.25 ) ©
ZEREL, WBUEEREORERIHTES TR AT, #4E#k 0.75 4, 1.75 4£---7.75 FEDHETH %, T C
T, B 1HRIEREED 0.75 £ 1.75 F£HRO DN EV D HITONTIE, B 1HRERDBROKRESD, EEK
DEEEMNS 0.75 FFRICETIERELEZZOND. LI -T, 2w 1.75 45 F 8wl 7.75 £%D
FHRE LN LI D, £595&, BIDHETROIREXD 054 —42—-D>5, £ 1 0.212—
0.25=—0.04 LEZBTEIKE-T %&%ﬁﬁ%@ﬂ%%&%*wéc&mf%éoc@ﬁ&ﬂA#%b
IS uDKER

Li=219.7 {

Kk ->TRbEN, MEMHR B 10 KD 5XU, SESCHLLIcRESRDONE BT7E,

—0.135 (£+0. 04)}

FL|
cm, o

0—o0 ROBINS

i &8 AUTHOR
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R
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Fig. 10. Growth curve of southern bluefin tuna based on mean length given in
table 7 (bold line) together with another growth curve of southern

bluefin tuna by ROBINS (1962) based on length composition (fine line)
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Table 7. Fork length range against absolute age calculated by vonBertalanffy’s

equation based on mean length given in table 6

Age 0 1 2 ‘ 3 4 5 6 7 8

52.9 73.9 92.3 108. 4 122.4 134.7 145.4 154.8

Floem | <opg| 28:8—| 52.9— } 73.9— | 92.3— | 108.4— | 122.4— | 134.7— | 145.4—

% =

FEDBREDZENE L VPR OREMHEEE 21T, FHICROHEKENSEMT 2 HENES X
WEEBZONKDOT, BIRIEFAOEEI LIS OO S0, —ISCDHBEICK - THEE LIBER
—0.135(£+0.04)
L:=219.7 {1,7 }

e
CE-TIF I/ oDBEEZEDLT T EIC Lz, DXL 1963~1968 4EDR, A — 2 + 7 ) YITiGE THEME
AL - TRESNIERCENTEY, oD, BEShICE, Bk F4EEDHENRE - CThHHEA
ENBEMEI DEEET S,

BlHCEN7z L DT, I+ 3127 0DREIKDNTIE SERVENTY (1956), ROBINS (1962), HYND (1965)
REBREOBREVOEREMELSHLETN S, TIN50 5, JEMEOERICO: » THRERBE KD T
2D, ROBINS OREDAHTH S, 9, NS DOWMEICL 2 R D HEEME & 5 &R - HEEE & D
EDHEHAREBERETHENE I DPEBRIERST S LI TE5, DX, EMEEOREYICONTIZEZ LD
HREHEEREBTNEY, D55, RMBEEAEDPRIFICEESN, ENEERMICh I > TEANSE
SNEA—R M5 ) YHEEBENLOD I F I/ oDEREMKICAONE E—FE, BiMSBLARKELE
Wid 2 &3, S&ICEE LICEDRBINEAMKT 2 C LITRLDEEZ ON 5, &5, ElhokE
DERBESHTECERE-T, TTICHEE LIKREMBO YAV T ZC LNTE3,

14w S o DEBMGREEDBAENC. S, 1. R, O, OFICk-T, EEREREDA B TERE
ENTVED, EHAREBREDHTE L, EREEICL > THHMEIN TV 3, s ok 513
EE (FEOEKRE) 3, B#RAEOU 2 LICL3HEBBLY, EHFCBY 2REMNEORE X ICHES 23
EEBATOE ERVZ, EA—EEOKEDEAEARL TS, LIzh-T, COEELET 2T &, KE
RO ZUM L, S SWHEORERMICET 2 —2OEZ 526D EEZ 5N 5. RKKRIT, T TH- 7o
BEAFRICEONIZbDTH D0 LI~ T, COMPBNICB I 2EERDFRICK 2 25BN L3, 20
WEMEEIFRBESRZ by 7 ICGERATRICEST 2842 AE2 -0 —20A%% 542 % L Bbh b,

PIED XS sfE4DBEL» S, AT TRIKRICET 2HEEEEZBK LIcHRR OFICEBNE LB TH
%o

F9, A—2 7 ) YOEBRELED P OB oML, EREEREYICE SO HEEM E T LT 3
&, BELLTVAENZZES THb. ROBINS (1962) DHELSDKEHBR CHrEMEHE LT 13

—0.142(£—0.01) S
Li—o225 {,_, ey, sEsn foprmBERE NS L, K ©0.007, Lo ® 2.8cm &

VS IS D 2 DDREH RO EICIE 5o BHEHAE RTTHOMEIE, ¢ BRELBEBRERIREL LS,
%7z, Lo D 2.8cm DEFEED 219.7cm DOENIT 1.3 %ICTET, Lo DTDHIFEBEDHPAEEZT
EVTHAIe TD200RDH B EEICH T 2HEEFSE, FRBABOAREFVESATRRBRALEL LD
hS, BRI B EREL LB, FlZi1F 1561 cm DOfid ROBINS O 513 8 FHTH 355, id o Rd7zk
EfiR ETR 8.5 FIicHY4d 5 (BI0RD. COREDAFHEFESZRE LD TRIEL, KEMLSHE
SERDBFRICIESTONIBVEELEDNS, LEM-T, 2O 2 00KREMBRIBENTEEEZ LN
%o

FALECOOTHAR CRER B, AEHKOE— FhoBohREMRE, EQEMED /Y, Lx



BIC KB I I/ 0 DESEKRE 247

WNE L, K RRELSBAMWEABH D EEEHLTOE. FAFOHICH~NE &, ROBINS )nI+ 1=/
DOV TR R ERSRIE, TNEENOKEMREKT, Lrd, EERO L HIichiaBr0ERT
EOWTHW3iZehhbod, BOMBELEIL—HLTVWEENZE, €DBEHELTE C. S. L. R. 0.
2hOE LTHED ONTOBHEMRS, DEDLIICEIBLEMTEEITHD. A—Z 7)) YOEEH
i 1~5 FOEFEAEEFVRELTED, INODOEREMREZDZ AL, BROMEEICHEEER
MOEBAES5FBETTHb. LrL, C.S. LR O. OfEZRFIF I~/ oicidR-13 20D “stock”
ZHXALTHS (HYND 1965), T @ “stock ” [Z—IRFAEDHEHN, Bfixid L& >RicT 4R, 2%b,
HE (1967 DWW FEAEMICHUYT 2D THA D ROBINS 2SR EMMBAMEE LIGARIZFELIRES
TV AS, “stock” (RAEERD Blice— FZBHLTO3AEEEND . L, £H285E, O
“stock” ZXBIF BT LIk > CHEDERUDOEEEZHRNTVEIENELOND, DFD, 32D/
EH% K2 B4 ICKB L TEEMCDI-> TBEHL, 3 20OKEMBRERDNIE, BREDOEEIRETEL
o A—Z 7)) O ERBREICHETZPPHEOIETE, “stock” AXFIEN TR A-7H L,
ROBINS (1658) (& FaBDFZRICIEN. - T, 1958 FRIANCHE S NI KRR Z BT LT 50, € D®ED
1 Hicsd 3 E— FiE, 1956~1958 4icid 1 2, 1955 FRIANICIE 3 DA 65, 1955 ELIRTD 3 DD E— F
D BEABXZ%E, 55cm, 73cm, 9lcm 755, ik, BOEFED 2, 3, 4 FD 53cm, 74cm,
93cm &g AL, VHEICLZEHRIYREZ NI L SL0D, 2 FTREBOMRIOKREL, 3, 4 F
TR/NELE-TVB, F7bB, “stock” AXFlaNLE, KEHMKD SR IciERRITIEEDER

%
"58—9
1 n=ws
- | B o
‘60— 10
N=151
5 5
- - m
619
°1 nN=199
'62—9.10
°1  nN=6.923
‘ 63-9.10
51 n=i0.603
‘64—9.10
51 nN=z.847
_ S
'§5-9.10
154 N =4.562
81 Ell 101 1 121 131 141 151 161 171 181
FoL (em)

Fig. 11. Length frequencies of southern bluefin tuna caught by Japanese longliners
September and October 1958 to 1965, waters of south eastern Australia, Lat.
30°-40°S., Long. 150°-170°E.

Numerals with N denote number of fish
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HICHBINZ CEARBLTOWE LD ICEbDN S, #imds LT, REEETS EMRERRICGERELSS 3
M, “stock” LW S RAEEMEEZEET A LICL->THRMINE LD ICEDbN S, /2, SERVENTY (1956)
13 53cm DEREFHITAE 70~73cm T, BLEICE 8em IKKET 2 L NTW3E, Thd, BEICK S
HEMD 2, 3, 4 TORRBICHHEY LTS5, @FEE (470D TOREELSOHEEHL D/NEL1L-T
W5

DEC, EREBEYOEREMBICE DN S E— FEBEICE SO IR RS 5, KEMEKE LTI, &
RN fc kDI, RREANLEL, WMEBEHOZWA—2 5 Y FEENESD 30°~40°S, 150°~170°E
DIFBICET 2 DD 1958~1965 4F (1959 FFERK) MD 9, 10 AOER A AT 3. < DIEMifa¥E

Y OREMERIE, FHREENNES L, ZLOESFTHERINTOT, &~ FEOME DL, s
—Fi3AHLNE0, UL, ZOTHEMOREMEKREBELT, KINLTRIHEINBE— FO)&E%:BES%.% &,
105~110cm, 119~120 cm, 129~131cm, 137~141cm 147~151cm D52 5085, TDIEF M
97~100cm T3 A 515085, THREESHOIMICHE L THS LS BN THIENH 2 (B 11 KD, cn
S DKER, B oHE L 4~8 Mo EK 9, 10}%) DEHAKE 105¢m, 119cm, 132cm, 143 cm,
151 cm (CHEBEPIT 5. L L, KREMKDOE— FOME RS, S OHEMICHN, 4~5 FTRPPAEL,
6~8 FTIRHPP/NE GF 12 Ko +75bbh, CCTHREDERMAHDONS,

F.L)

cm.

150

100

*3'4'5'6’7‘8'9'

AGE
Fig. 12. Range of modal length of three to eight years old determined as such
on length frequency given in fig. 11 (vertical bars), Plotted on the
growth curve based on mean length given in table 6

#31c, C.S. L. R. O. [Ck-CEMRINLEEL OERMRAEIC K - TR ESOOHMAE (KED
BER LHEET . b L, EHEIEERALLFAIUKRELZL, Lrd, H#KBOERENERMCHES
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NTHIUT, EHEOKE & MO KE & o Ekic B 2 E&ABEAINNCRD 2 L 13 T &
bo XHIT, b LEEIEH AN, HEORBICH > TERENSHEINICHAT 2713513, EEROKEA
W7 ey I HRROKER, T TORMAZY B s REIRO b IC T v £ LiTsh
T2ETTHS. TNSDFHRICONWTHIRLTH %o

TEROIC, EHm L IE A S OB ORI —METH 555, —MICHFHT 2 C EPBROKRRICTHEDH B
Mo, FNEERLAERSRORENEEZOND, COXEREDORENMIAPATHZ, LnrL, OF
OHZREZE 2 OMEOREBADKENEDKEEL &bIC, EHROREICE JTTHEELMS 1 20T
ZBEEDLND,

</ uOKER, EEAE O SN THEEOKEBIC ONTIEL BRI LERHDELEV, L ->T, £
WHEOKENERICHESNTO 32513, FRBOGKE () SRE/ROKE (D LD (4D FHEIZ0
VI LDEDMETR L TRIEEL,

R R 4 ANICE SN BRI OO0 TAH B &, KEZE 4 PADMATRTHENA LN, 1~2 7
ABICEBINZLDITE, IEOMEAERL-EGELS S, BADOMHEER LMEELSL T, 281 0EATHDES
R EESIE LTS (B8 K)o DT &, HHMAEONMEOREMSEZRETZEDEEBEbN5E, —if

Table 8. Composition of difference(4/) between fork length at tagging(/;) and at
recapture(/,) of the southern bluefin tuna with duration of liverty less
than four moths

Based on data from Fisheries Field Bulletin Nos. 1-59 (C. S. I. R. O.

1964-1967)
. ;’eriod of 7 - 41=1,—1; (cm) -
liberty Total —SCm‘—Scm‘;Zcm‘—lcmk 0 1 lcm ' 2cm i 3cm l 4cm | 5cm ‘ 6cm i 7cm . 9cm
Lo | = INEREE
gvgrnllogltohnth 2 1 27 1 \ 0 4| 2| 2

O 2 th
$o' & fmonth 40 \ 3] 5] 11] 9 8 2 1 it

Over 3 month
to 4 month 12 1 l 1 2 3 1 2 1 1

IR X O BRMICBV TE DBRERRE L, LrbBERICTIREROEKE XD RELRET 25500
HDHEEZOND. Fio, 4 BOOREIDLEL 47y AUNOHRI TR AL DE L HEbL T 308,
THLLICKIBIRRICRETHEDOH L EBHEMICRLTVE L EbNE, 51, EVFAILDONT
CLEMENS (1961) il & il TOREDBERA, < oMM LTl ERE KD T 523,
ZTORIREMROHE (KR LORERBADELEL >TVE, 2O EIFTFH L THESBOKENBIREE S
RSN EE, BEREIONSOEVIRRAEZ 30 LI %, 2D &, BAEMNOKEMTYLT
REDICHESINTOBZEERLTCNBEEEZOND, 1 F I/ 0ilB0TH, EHick3HEkOREL
HZ 2285 X0, RRKOKENEDRD 1ZHVEZ LiEEEN S,

1F I RIEONT, #hoROIREMREEREOR LAREOMARE S s, WEOREL L
BLTA S, HHEEENPEODEZONDT, —B—Fl LEE L THH SN DIKREL, choDbDE AN
TREFLTA 2. 915b b5, KO KEL £ SR LRy, E#irkBEEICE C TH#kES 7oy b4
0 CDXHICLTHBE, FHEROAEREIEEMBRO L FICE 5> T03H, £fke LTEIEN SR
RO NCH260, 20, REMBIVBRENTES DAL GF 13 M), i EHItRc k-
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Fig. 13. Increments of tagged fish (arrows), plotted on the growth curve
based on mean length given in table 7
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fEd 25/, —HOFEMICERBRVELRBEREF-7cb DI D, I F 3770 THEZTICZ
DEFHEICDOOTIE, MEEICK > TR-IRMEIL > TS, SERVENTY (1956) 3R LEROE FicdhHiz 2
10~5 AiCAERBRE L, XFIKRBAEENRT 5 BT %, ROBINS (1962) (4 SERVENTY DELiliiC
HLTAFIBOTHBET AR TV 2 LT %, & O ICAEMANCHKEA BB L 72 HYND
(1965) 33+ I =7/ n@REMIChLO S FTHEMNICKET 5 LA T S, X SICHNCHRN /8O MR
IR EHEADS LN, KEEHORENFMHNIC—HK LTS ETNIE, ErSEIIHTF THREFENT &
ERTTEICIEDe TDEIDICERSFER DI ENTVBEDT, ZOREDOEHEA EHAFEMER»OET
Baf LTHD. 34 377 0 QEHBBREEAEICO > TEEBSNTO BH, 205 b GHRIN & FmE
ENEELDN S b D WOFEED, DFH 0.5 4F (67 A, 1.5 4 (17~20 # A) 2.5 4E (29~30 7 HD



Table 9. Composition of difference b:twe21 two estimates of increments based on the growth curve and
on tagging experiments
Symbols in the column of “category of difference” are
A---Increments of tagged fiish exceeded to those based on the growth curve given by present study
B---Increments of tagged fish coincided to those based on the growth curve given by present study
C---Increments of tagged fish less than to those based on the growth curve given by present study
Period at liberty 6 month 17-20 month 29-31 month 41-43 month
Category of difference ?
Sub- Sub- Sub- Sub- =
Season of | Season of B C total AlBC total A B total B C total -
release recovery
Winter Summer 1 |12 15 16 | 10 | 65 91 3|4 7 1 1 114
Spring Autumn 1 1 1 ’ 1 2 1 1 4
Sub total N 16 17 | 10 | 66 93 4 | 4 8 1 1 118
i
Summer winter 1 1 1
Autumn Spring 4 4 9 9 13
Sub total 4 4 9 9 1 1 14
Total 1117 20 17110 | 75 | 102 4 | 4 8 2 2 132
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SCRZBLUTHEENILODIKBOoNTH S (BIE). 2O EF, I+ I~ oy, ERECHHT
B+ (AR 1956), 7wm=/a, A8F (T« gkl 1967, 1963) OBA &RBRICEKRE D FH 4035
BHDEEBZIITVBIEEITH B,

DED XS, BREEBFMHICL - TEDL T EDREINIDT, TOHEEBEL I2DITIER 1,2.3,4 4
B LTHBINCLODL 2 A0 THREMBRE LET 2LENH 5. TDXIITEAL 46 HEDS B
WMEEPHREMBLIO FEZ 5080 ER LS DRE T4 FET, Mz FTEYASERD:EEME LD &K
EOBZOEOBERMICEZD R4, ZOEDEUKRRICONTIE, BMEBOMOHEA EDEE, B

FL
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1501
Growth curve
100
501
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Fig. 1-k. Increments of tagged fish recaptured about one, two, three, and four
vears after release (arrows) plotted on mean length given in table 7
Arrows with no mark, numerals 2, 3, and 4, denote duration of liberty

one, two, three, and four years, respectively
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I XD RRBEDE T NCEFREDEREMEDHMO AH T 5N 5h, ENpRbKEEE LT3, IEFEIE
TREKTENRV. UL, BMOMRELEHELOER, EillT 20 LICk2 200MEAEETHE, ML
DEEFS > ENELED, SEEREUENIELABLIOTEHREOAE B EZ 5N S, 703, ROBINS (1962)
IZ & - TRD SN EMBRIZ, T T8, S OREMH LD ROREE TR LT 20T, Eiklik
FERLEENRD L@ 5RO IAERD AN T LT B,

BRICEEDFLEICONTH TSN TH S0 SERVENTY (1956) 1234 3 v/ 0 OREBREIC L - T
ROEBHL, FICLIMEOR, RREIREMICEYTZWNERICE > TEASN S EBRTV S, ZDAHICD
WTIE R ERBICERIS O EA R S BE L TH o BRHIMBUERERTO & DREEBD L DOMA DR S FHIC

Table 10. Year class means of radius of scale annuli of southern bluefin tuna taken
by longliners in the Australian waters 1963-1968 Based on data during
January to August
Yeius No. of Calculated length(cm) of each mean annulus
Ist 2nd 3rd ’ 4th 5th 6th 7th 8th
class fish annulus|annulus annulus‘an nulus |annulus|annulus annulus annulus
1955 7 19.1 42.9 62.9 81.6 98.4 118.1 126.8 ‘ 138.7
8 1956 8 22:6 48.5 70.0 87.8 103.3 116.8 | 129.1 | 140.6
1957 2 23.1 46.6 67.1 82.6 99.0 | 112.8 | 125.2 | 138.3
7 1956 14 21.3 45.1 65.1 1 82.5 99.3 112.7 126.6 |
1957 30 24.2 1 56.2 70.1 | 88.8 104.6 119,15 133.3 ‘
1957 26 22.5 47.8 69.3 87.2 103.2 118.9
1958 35 21.8 45.2 66. 4 85.7 101.6 116.6
6 1959 10 22.8 | 46.3 66.8 84.5 100. 3 134.°9
1960 3 20.8 | 45.3 67.0 ‘ 85.1 101.3 117. 7 ‘
1961 22.1 | 49.7 67.8 | 86.4 101.1 \ 115.9 |
2 1958 53 21.9 | 45.7 67.1 85.0 101.2
2 1959 115 22.3 47.0 68.3 86.3 94.2
:)D 5 1960 23 23.7 48.5 69.6 87.8 104. 6
& 1961 4| 208 | 45.9 | 66.1 | 85.6 103.0
1962 5 17.4 40.2 59.7 76.7 93.1
1959 51 21.4 ‘ 46.0 69.4 88.1
1960 100 23.8 ’ 49.4 71.6 91.6
4 1961 3 24.6 ‘ 50.7 73.7 95.0
L 1962 7] 2206 475 | 69.9 | 89.9
l | 1963 36 21.6 | 46.1 67.2 86.6
1960 6 23.5 50.3 75.4
1961 12 25.8 ’ 53./0 76.1
3 1963 1 29.6 ‘ 47.3 69.2
1964 12 23.5 50. 4 75.6
1965 47 23.2 48.3 69.6
| 1962 1| 3.1 | 621
2 1965. 2 30.7 62.8
\‘ 1966 2 27.6 56.1
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AB#EERRL 2HIC 1~8 AOMOBERE, F4 a0 B, RAEFENCKROERAEL KD 2 &, #
FDLDDENEFDOEDIVBERAEL B ->TWS (LEE HR) (B10E)o 7 LTEERE,MS SEKE T
T FRR LD BOEEZRSH (8D 1956 4F, 6 D 1957 4, 5D 1960 FFFERESE) pih
OHLN, EEMICREDLNZH, &b TAFLE—ELTALNIT,

T T T - e SMBUERIS DR EERE R, FAfL P oncbDTH 3, T DIl CEER) Ol E
BICRESER-EN DG, LIt - T, FEREROED AL 21 DICEEESICES 2l E 8 (La—La-y)
—OWHZNEREHERE 22 2R 0N L. BEEOZ 04, 5, 6 FRAERATEESICEIT 378
WEE (KRR 8L, TOFEREZFINCKD 2 &, EUERL 0.5~2cm, ZREHKIT 5~10 %R
T, FRIIBEEBOEHFSEERENLFVARV LS THS (B 11 £),

Table 11. Difference between calculated length(cm) of two succesive scale annuli
(Ln-Ln-1) of southern bluefin tuna of four to six age taken by longliners

in the Australian waters Based on data during Jannuary to August in

1963-1968

|\ Year Mean +standard

Lpooy. | 1957 1958 1950 1960 1961 1962 1963 1964 1965 1966 | quqyiation c.v
L1 22.6 21.6 23.1 20.7 22.1 | 22.0£0.9cm 4.2%

L2—L1 17.8 16.4 15.9 17.3 20.2 17517 9.5
I:3—Tu:2 14.0 13.5 13.1 14.0 10.7 13.1&1.4 10, 7
6 E4—L3 10.7 12.1 10.2 10.7 11.1 11.0£0.7 6.6
L5—L4 8.3 83 8.8 87 7.3 8.2+0.5 6.4
% L6—L5 7.3 7.8 7.3 9.2 %3 7.8+0.8 10.6
EO ‘ L1 ‘ 22.1 22.1 23.5 20,7 17.3 21194 121
éﬁ | L2—L1 16.4 15.4 17.8 17.8 15.4 16.6+1.2 7.4
5 | L&—L2 14.0 14.0 13.5 12.6 12.1 13:240.9 6.5
‘ L4—L3 10.2 10.7 10.7 12.1 9.7 10.7+0.9 8.3
‘ L5—L4 | 8.8 9.2 9.210.2 8.8 9.2x0.6 6.3
“ L1 21.6 24.0 24.5 22.6 21.6 22.9+1.3 5.7
l i L2—L1 16.9 17.8 18.8 17.3 16.9 17.5+0.8 4.6
‘ T LB=L2 15.9 15.0 15.4 15.0 14.0 15.1+0.7 4.7
‘ L4—L3 11.6 12.6 14.0 12.6 12.1 12.6%0.9 i

VI FigsicH o dims A A0 T8 F (145cm) F TOESETEA T, ERichi 2 ERBEE KDz, ©
DOBIETERBRECHIERAEEICSEAOBIRNELS S 2B RE SN, REKEY, KA TIRESINCEH K
BaRY, #0ho &4 OREMBEHTE L, HEMELSIOICHET 2 & 0 S HENEHTH 3 Ll s
Nice LBLES, 373177 00REAEET 2 FICE BB DL OMBENEIN T 5,

BT, MEBEEICEY 2EMNLMEE LT, AMRTRCOEEERAEE 1 LIk > TT, REGERO
H L otie LED-T, WEARBCHEL T 20 E) »EENH 2, COHIEELTESICK S
L, MEAHETEROEEKOEENREL BB T EICHE LIz, MEHGETE S - ks, WETs
EEEFRUEREEZT26DTH LT UINEL, &L, MEDHITKEEDEZMHNE, AFFETKD
FHREMBRIREORE L TN T 2L H 5. MECHZENTE > BRI DN TR, EHOBIES
Ik ->THzFE L THBLELDA D bo bl bREORELLELE LTHBORMBETRIRA»HD,
BIZ ZHOUMEIC K > TRETT 2FDOHELEATEINTHAS D,

F2rLT, CCTROILKEMGE LD EHRADOHRENE  OBATE - T2 &0 ) HEEED HEREDR
EhHFoNb, COFNOFERICONVTREELSRHATH 20 2 EMHED S KEMABICEDLN/IcE— 4
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BN . E72000C 3 F 3 = 7 0 ORESIGHRRAA, & QITE#ET 2 &0, MOARICE JITTEEICOL
TEEMN ISR BLEL 1L D,
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Uob TR A T, EBOZELABIRT 2080 H 5.

£ #
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N, I 177 o 0SORBUCIZBAMENSTEA T 5 T DD DT,
4. U9, 10 AICE—RIER (ERNICERR KBRS TEY, 143 <7 a008icho5n 3 ik
IERTH B T EDHED SN,
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Le=219.7 {;_, ]
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