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Comparison of Growth Parameters Estimated for

the Yellowfin Tuna in the Pacific Ocean
Ziro SUZUKI

Synopsis

There are a number of growth studies on the yellowfin tuna, Thunnus albacares (BON-
NATERRE), in the Pacific Ocean. Almost all the recent works published after 1950 are found in
fairly good accordance with each other in the lengths estimated for the ages of the exploi-
table phase. Nevertheless, sets of parameters in the BERTALANFFY's growth equation appear
quite different among these works.

The present investigation on the literatures shows a major cause of variation in the
growth coefficient, k2, and the asymptotic length, /., is the technique of age determination
(Table 1). Recent two growth studies based on reading of scale, YABUTA et a/. (1960), and YANG
et al.(1969), gave k around 0.35 per year, and /.~ between 190 cm and 200 cm for the fish taken
from central and western Pacific. On the other hand, 2 was estimated around 0.60 and /-
around 160 cm by YABUTA and YUKINAWA (1957, 1959), HENNEMUTH (1961) and DAVIDOFF
(1963) who analysed length frequency data from various parts of the Pacific. Only MOORE’s
weight analysis (1951) provided a set of the growth parameters comparable to those by ex-
amination of hard tissues.

D1Az (1963) proposed a new technique of length frequency analysis, in which the growth
coefficient and asymptotic length were calculated as regression coefficients of modal incre-
ments of a group between two succeeding months on average modal lengths in the months.
There are two sets of his calculations. One is based on all the monthly increments defined as
“extended year class progressions . For the other set, called “atelic progressions”, he excluded
monthly modal increments over 20 cm and below minus 6 cm. Resultant growth parameters of
the extended year class and the atelic progressions were found comparable with those by
previous length frequency analyses and by scale ring counts, respectively.

Examination of the techniques of age determination gives a hypothetical reasoning for the
discrepancy among estimates of growth parameters. The frequency analysis is based on an as-
sumption that the modal lengths in samples represent those in the stock. Nevertheless, there
is no guarantee that the assumption is valid for the whole length classes of the catch. It is

probable that the long-lasting spawning season causes change of exploitable schools of the
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same year class occuring in different seasoas of the year. Actually, DIAZ wrote it difficult to
trace modal progressions over several moaths.

Here it is to be noted that samples in a month are not always taken from the same
schools with those sampled in the preceding months. If a fishery exploits selectively the fish
within a certain leagth range, the samples from the catch represent larger member of young
groups and smaller member of old groups. This kind of bias is less in studies on the hard
tissues than on size composition as far as back calculations give correct average lengths at
ring formation. On the other hand, it is not easy to correct the bias from series of length
frequency data.

Analysis of length frequency data from biased samples may erroneously induce virtual
curves sharper in young ages but flatter in old ages than actual growth (Fig. 4). Close exami-
nation of monthly increments, ¢. g. DIAZ’s atelic progressions, may be helpful for eliminating
such bias. Of couse, unbiassed length samples provide the curves close to the actual
growth.

Lengths at ring formation of 439 yellowfin tuna from the western equatorial Pacific Ocean
were calculated from unpublished measurements of scale reading by YABUTA et a/ (1960).
The series of data constitutes an apparent LEE’s phenomenon (Fig. 5), that was already ob-
served in bigeye tuna (Table 4 and Fig. 8, YABUTA and YUKINAWA, 1963) and southern blue-
fin tuna (YUKINAWA, 1970),

Records of four tagged fish with duration of liverty over one year were made available.
Increments of lengths of the fish from release to recapture are close to the increments on
growth curve based on scale reading, but smaller, especially for the fish recaptured within
relatively short duration of liverty, than the increments based on most of the length frequen-
cy analyses (Figs. 6, and 7).

SCHAEFER ef al. (1961, p. 372) already found that the tagging data “ indicate a considera-
bly lower growth rate than that obtained from analysis of modal progressions of size-fre-
quencies for fish of similar size”. The relations between increments of tagged fish and of
growth curves based on length frequency are expected for the samples exploited by size-
selective fisheries (Fig. 4B).

KAMIMURA and HONMA (1963, p.32) compiled length frequency data of the longline catch from
the western and central Pacific Ocean during 1954 through 1955. Their data show that fish
over 150 cm, the asymptotic length by YABUTA and YUKINAWA (1959) based on length fre-
quency analysis of samples from the area, comprise about six percent of the whole measu-
rements, and that the muximum length in the samples is 190 cm, comparable to the asymptotic
length based on the scale reading (Table 1),

Examinations of the scale measurement, the tagging experiments and the length frequen-
cy data of longline catch suggest validity of the hypothetical explanation of difference in the
growth parameters attributed to the techniques of age determination. It is likely to conclude,
at least, for the yellowfin tuna inhabiting the central Pacific Ocean that the growth coefficient
is around 0.35 per year, and the asymptotic length lies between 190 cm and 200 cm.

As to the eastern stocks, SCHAEFER ef a/. (1963) concluded it impossible to determine the
age by observation of hard tissues, and then no study along this line was conducted there.

However, there seems to be still room to re-examine the possibility of scale reading of

yellowfin tuna taken from the eastern Pacific.
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Table 1.

Materials used in the twelve growth studies of the yellowfin tuna in the Pacific Ocean and estimates of the

parameters in BERTALANFFY’s equation

Growth
Author Fishing gear Method Years.for Sample size Range of body Fishing ground parameters
sampling length (cm) E [l | fo
AIKAWA and KATO — reading of centra == 6 = - s N e ] e
(1938)
NOSE ef al. (1957) | mainly longline |scale reading 1952-1953 300 100-140 Pacific (40°N-10°S) = =i
YABUTA ef al. longline scale reading 1956-1959 1,000 70-140 Pacific (40°N-30°S, 0.331190 (0
(1960) west of 180°)
TAN ef al. (1965) |longline reading of centra 1962-1963 170 — Paciﬁc)(O"—lO"N. 155°- — | — | =
175°E
YANG et al. (1969) |longline scale reading 1965 200 60-140 Paciﬁc()3°-33°N, 133° 0.36[1950. 27
-2710°E
KIMURA (1932) set net weight frequeacy 1924-1931 200 100-120 Suruga Bay (Pacific — | =] =
analysis coast of Japan)
MOORE (1951) mainly longline | weight frequency 1948-1949 5,000 70-120 waters adjacent to 0.44/19210. 22
analysis Hawaii
YABUTA and longline and length frequency 1953-1955 50,000 30-150 Pacific coast of Japan 0.55/1680.35
YUKINAWA (1957) | pole-and-line analysis
YABUTA and longline 4 1950-1957 110, 000 80-150 Pacific (12°N-5°S, 0. 66/ 150 |0. 40
YUKINAWA (1959) 130°-180°E)
HENNEMUTH (1961) | mainly pole-and- ” 1954-1956 = 70-140 western coast of North 0. 60| 169 0. 83
line America (IATTC region)
DAVIDOFF (1963) pole-and-line ” 1951-1956 — 80-140 7 0.60{167(0.83
and purse seine
Draz (1963) pole-and-line increment technique 1951-1956 — 80-140 western coast of America|(.45/180| —
(atelic) (entire IATTC region)
” # increment technique 4 — % ” 0.66/167 | —
(extended year class) western coast of North
” ” increment technique ” — N America (IATTC region)|0.36!214| —
(atelic)
” 7" increment technique 4 — ? 4 0.70;166 | —
(extended year class)
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Fig. 1. Growth curves based on modal progression.

1. KIMURA (1932), 2. MOORE (1951), 3. YABUTA and YUKINAWA (1957), 4. YABUTA
and YUKINAWA (1959), 5. HENNEMUTH (1961), 6. DIAZ (1963)

The growth curves were drawn so as to originate from #, estimated by the respec-
tive authors except KIMURA (1932) and DIAZ (1963). KIMURA’s curve, originally
given in body weight regardless the spawning season, was converted to fork length
at respective age by TAN ef a/. (1965). DIAZ’s curve was drawn here on the assump-
tion that #,, originally not given, as zero.
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AAELESTVBEODT, b ULRICHEEDHESEEEZMEITEEND XIBCEDH S ETHE, HERI/NS0E
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L NOSE ef al. (1955 p.17) ic k5 &, FRdEic 2MEL LR E NS LIRS R I TN %,
LcS- T, REBMDERA IR »E 5T LA E—MERINIcbD L nhidn,

| | | |
150 p= =
- 5 o
- 4 e
L -
100 =
)
9 - -
< 2
T )
a
- b .
~
H
Bt - -
50 t— i
e
- -
-
p: =
| | | |
0 | " n v v
age

Fig. 2. Growth curves based on examination of hard tissues.
1. AIKAWA and KATO (1938), 2. NOSE et al. (1957), 3. YABUTA et al. (1960),
4. TAN et al. (1965), 5. YANG et al. (1969)
The curves are given in fork length except that by AIKAWA and KATO (1938)
who seemed to have measured the fish by standard length.
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P T b AR (1932), 4811 -tk (1938), #E#AMM (1957) DWFFTICIE, YL LD X 5 75 A3k
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HEMBEEEOMic3YHEEIH 2 (K3).
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Fig. 3. Relation between estimates of growth coefficient and

asymptotic length in twelve growth curves given by
eight authors.
1, MOORE (1951), 2. YABUTA and YUKINAWA (1957), 3.
YABUTA and YUKINAWA (1958), 4, YABUTA ef al. (1960)
5. HENNENMUTH (1961), 6. DAVIDOFF (1963), 7a-d,
DI1Az (1963), 8. YANG et al. (1969)

® Estimates from hard tissue observation
(©XEEreEe Estimates from length or weight frequency
analyses

(DIETRTRERD Estimates from length frequency analysis(atelic)
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et al. (1969) K& - THREREIN/I, COHEERA—OEEDKEZBEFL T3 55 IE LW RE—EREA
FEHELNTNBRODIEL &S EEMBRORITL D SREDRIRMEIC K 2RO 28 % LOVES—REBFRH
BohBRTTHS, :

L LSS E RO ZESEEICRRO KD SHEAND 5, T8 EHFHES DR, SHEEINRED
A=Y BRLSTNBLETH B, TR DG OHEESNIFES L KL OBRAKEM 1960, YANG e
al.1969) (IWALFORD DSEERICD ZEEL RT DI LT, FHEB Oash» oKD E (TAN et al.
1965) ZEZEM~OBEEHMN EL EBo5hE VA Sigmoid MOKEZETRT, COLIBHEENBLhE
HeE LT, EEOERICE - TRED/ S8 — Y BRL EHEZOSNTNT LREVY, AR 2 EHEOER
BiCHobNRENEOBEORBMZ S > THENT VAP END T EIKDNT SRR LM 2R 13
25D TH B, LA, ThE TICIRBZEBRE LR EPBNTO S X5 ICF N FOMBIEHRAIC Wi
%L, EICESRITIES LM OHERIEFICHECEZD, BOFLbEOEBEEEV LRV
WEEDbNG, BHCOWTIR, COXD RHBEEHRT20ED205EE LT, BHRCHRZTETE 2804456
RALUCTESEELET-> T 55 GEM 1960), TOXD BRENRD AV EBCIBVEVAFIERZBOL,
T, BHEBOBAICROLONIHLEI DR APATHEE, EOXI BMHMERAOCTESEEETE D BEIC
b, WMEOZBEUNEDREED SOOI DTE  LEDD B,

AR KEORDFIC ORI > T 5, B, RRIMSRIIESBNCRD 7o K UL RUR O 5 FLK & O Bt
RNEREEEAESFESOLEEKREE LTRDON TS, UL LEE BRBLBLNEBA/ICE, CDOXI T
U CHMICES IR ELRD 3 ¢ LI HEDSH 5., TH# (1970, p. 242) T3 F I =/ 0 OFHEARIC
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BRE7s LEE BIRARYD, £Nh 5 REMRERD 213 FELBIEEERES HIEEAED FESFTEME TR
&, ELNTKD Mo EHR FOBRESITHIET AT 2 HEEE TS, LA LEMNSEED
WRESDEDTNT HKICD B INBFELERBVDT, TOHFENELVFERDOAE 525 &1 Bbhis
e ZDXSIC LEE HEXALNZHEADOREDHEEICIE, MEININEMENSEINLETTITE 5
T3,

3. BREOEREDSHEERBOHEECSZSHECHT SRR

— BT O EDDBEER I LEEOKRERFOREREL TN S, Lcd->T, BEORRMOTFRICENE
HfaTik, RICEAUREBRICBLTHTS, 205 bARBMOMEEDS, Fi ERICGEOEER TR/ OB EH
BIMICEEE NS, ZORKE, BEVOREMRIEROEBHO TN E MRLTEFERATRREVEN, &
FRTRNSOHINMEETHSS (F 4A). 59 3 & WD S5 EAD SHEEI R ER T,
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Fig. 4A. Schematic representation showing

discrepancies of length frequencies
between stock (shaded curves) and
catch (dotted curves),

The bold line quadrate denotes selec-
tive range of body length for the fish-
ing in question.

Fig. 4B. Schematic representation showing

discrepancies of growth curves between
stock in the sea (straight line) and
catch (dotted line),

The bold quadrate denotes selective
range of body length for the fishing
in question.

EEIDD kEBRELEY, TORKE, MREARILBDICHEMEINE CLicle3 (€ 4B), MF, Co{Es
OFMBEREATF LS 3 320K SRS Ui,

LT DX RHEEDOBINEDNEET 3 5AICREEERIC LEE BEBA4 N33 Th2, dbHAA
LEE HERBEOREFMEDHICHRRT 2 LI ESKND, COEHEHM 2 5hiud KEERL SR Shic
BRI EDRIMICHEBE I N T 2T ETETE L0, PEHAFEED X OREICHAT 31K
Hifls (19600 OFFFTICAVShic RFERFHO S b, R RiEMHED 120~180°E TA SNl 1~6 T
439 BiItoWT, ESRNICHFERRERD 2 &, SR SR Sz hEhofEifices 2 #EkER,
DhRICHEFEEPORD Shiczh LD /&<, AL LEE MBLED LN (E2, ®5).

B2 IR ERAOERDS, bLohBEhOAHOTEWEERELRL TN 51T, BEORM Y
RRRAHR DR IC S e X 2T 2R OIREEERIET 2 DITRILDTH 5 5, KEHRERTRD
BEFEAMSEEORT O FIRE TRER SNESICH L TRAICTHES W TI9hEE, FBRICGEY
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Table 2.

Back-calculated fork lengths of the yellowfin tuna taken by

longline in the equatorial Pacific Ocean

Back-calculated fork lengths (cm) at successive ages

age of fish } 1 ' 2 I 3 ’ 4 5 6 Number of fish
il 58.7 3
I 55.4 76.0 59
T 55.2 75.6 93.6 213
v 54.1 73.6 91.6 108. 4 135
v 52.2 72.0 88.5 105. 4 120.1 26
VI 50.3 66.0 83.0 96.7 109.7 122.0 3

Based on unpublished data by YABUTA ef a/. (1960).
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Fig. 5. Back-calculated fork lenghts of the yellowfin
tuna taken by longline in the equatorial Pacific

Ocean.

Based on unpublised data by YABUTA ef al.

(1960)

Table 3.

< EWTB/NMCEH S T SEE ik ExE 5 4
5136, HBRiIcEEI L cam» oK
i EEE, FRHPMse 2L b
S SRR O BT IC & B B E ARG
DPOHELIENETEDLETHASS. F
WIPEMBEL 13 2i1c2o2NT, 2OHERI
R RALR DT 0 5 3Rkd SN R SR D
ZTHICET &, H2REDERCEZ LW
KEEHBRBTTHB, £/, B KEZ
ICE L Th SR X e O FHEEER,

DRUCARRARL D ST 1c 35D < R AR &
DOREBHEREEA239TTHS, C
Ui LT, D S OHEEIC X B
BEilifRd &k o R R IBIE#SAD £
NIKEWRTTHS, CTCTHVWETED
T & B RR O B RHE B - FT#E(1959)
BEDE EDIBERDRZTDEMICEL Z
FIHREER T 50 BLUNT (1960) 25& b
F LD HIRAREFKBICE T 2 EEmn

Increments of fork length for four yellowfin tuna with

period of liberty exceeding one year

Fork length Fork length
No. at at Increment (mm) | Days at liberty Remarks
release (mm) |recapture (mm)
1 601 933 332 372
2 495 705 210 367 From BLUNT (1960)
3 570 1,338 768 842
From YABUTA and
4 1,110 1,390 280 399 YUKINAWA (1959)
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Fig. 6. Increment of tagged fish plotted on the growth curves by YABUTA et
al. (1960).

Solid and open circles denote the fork length at release and recapture.

M I AR RROFBERTH B, EHRICL ARE~NDEEL LU 20 IVICFRHbhickERNE
DBEEZERLT, CCTR1IEMLORAHEMTED AICR - 2O TEBITE D H2h - kI HbTH
AR TH B, DI H3IRIF 50~60cm & H/NBAHRIC ZEHIN TS, TAERETCOMRRIE
BHL1E, 1REI2HETHS (3D TSSO AMEDOVTR RO ENEHINS, 1. il h
BEHEAOTRDREMG S EREOEERE I 4MAD 3EEE THEE—HRLTEY, ESAOHE
2R EARIEREMRED E T o > T3 (X6 2). KEKMBKDIENTH 53R S REhR &
%&, 50~60cm THEEHIN 1~2 FEPRIKHEH I N 2 ROEERIZ HENNEMUTH (1961) & XU DIAz

(1963, atelic) EBMABOMITIC X - TRDITREMBIC S SNTR B DI/NZ WV, 772U, 60cm THE
HMINIDOT2ED oo THEHMINC 1R, XU 110cm o3 > T hic 1RR A S ORER
BICENEERS RLTWS (7). SCHAEFER ef al. (1961, p.372) |3 BIBAEHETELELR 1T D
T, EEpEH SRR EENMAERHED E— FOBHL ORDIzE2N LD b/AXOERRTOED, BRSH
T EDMESELE LT 60cm FIETESEI N, WRNEPMIc BRI hcdoTchsL+hid, 20
HREISEEONAKHEL—HKLTNEIENZI XD,

8 3 ICHRE ORIV ORI 7o T 2 TR R O KB, S 18 5N 3, MR{AEIRR WALFORD @
EERD»S BRI kDo 5, COMRBAROHEMIT, ZThEEAD BEE LN -TED, B4
AOKEOFEMTH 2O THRECHBIN TV IHOBREEID AT LOIRELIBRFREIRSBINC &
273, Lnl, b LEREESB/INMCIHTX N TOhE, ZoHEEEs B3 b 2 EES ki Eg cEmDn &
n, LObERICEEI NI ZAKERHES N BRERICHENTREPICAENVEITTH S,

HPHMALEETRABDOORBEL S FA XD TVAE, AEHROMITIC X - TEE « 748(1959)
RO I RRPRARENL 150 cm, #lic X - TEMAM (1960) sk 7-£hid 190cm TH 3, 2HicH LT,



102 N N -

| I I |
- 2 —
150 -
- 1 —
- -
P e
- 100 = —
E
S
5T -
gF -
@
—
X - -
H
o
W - ot
50 - —
= B
-
= -
= P g
] ] ] ]
0 | I i v v
age

Fig. 7. Incrment of tagged fish plotted on the growth curves by

1. HENNEMUTH (1961) and 2. DI1Az (1963).
Solid and open circles denote the fork length at release and recapture.

LA AR (1963) Btk EMBAE A B & 150em PO IAEAR 73,580 BD 6% icdh 12 B 4,
5652 THD, LbEAKEIRN 190cm THigh 5RO BIREKE & 13131F —8T 2 BEREMR O#ETIc
HIBREESE 40cm 22 T3,

VEDRTERLES DEEHEICALNS LEE B, EfAOHMER, HEMOKEMRKICA SN BHK
KRREFHFEBEREREOERI, VTR OEESES AL S BASNEKE, BSOS DEERERRKY
ICHREL TR Z E2RELTHE EBbd, Lichi-> CR—MEEE -3 E—REEFE X L TR
DI ERRRI k ARKICHEIRIKE lo ZB/NCHEET 2 2 S0 RTNENI T EERLTO S,

LCTHFNFDOERICONT T-TELHEEE MO~/ nfflicd BHALTAHE D 3 HEFMICF NS
EXIF I 0 OIS S 2 A NF CaF, 1965) (KD T O « 7748 (1963) DOFFFTHES

Table 4.
Ring radius (mm) of bigeye tuna showing LEE’s phenomenon.
7, 72 73 74 7s

71 0.863
72 0.827 1.238
73 0.766 1.175 1.554
74 0.729 1.106 1.470 1.805
s 0.708 1.068 1.426 1.760 2.072
Ys 0.707 1. 090 1.435 1.758 2.040

After YABUTA and YUKINAWA (1963)
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EHBE, CTTHIAWL LEE BREBLO5ND (K4, I EAEMBEROTHEE L N F ORI
(SHOMURA « KEALA, 1962) & fi%
ok R GBE - 1T,
1963) L DOBAFR B 8ItRT L HiT
FNLOBEEFEFCEMUL T
3o FICEM - fTHE (1963) OHEE
UTe ANF D I 13 215ecm TH B,
BHEFTREELTESTVEH0
T, FEHEOMOEIMHATIE, A
HETHREI NI A NFORREER
1966 4E, =BEILKEBSFER O
EEM, RSk - TR
209cm (@) THbH, XXOWH -

748 (1963) oHEEE L ITIT—FKL
T3, S OICEHBMOME L
M - fTH#E (1963) OHffE Lic # /5F
DR ERMED L —HK LT3,
wicF+ i</ ol LEE BHE
e RPRY BB ShBN (TR,

Fig. 8. Growth curve of bigeye tuna by weight composi- 1970?’ {ERARR (ROBINS, 1962)
tion (SHOMURA and KEALA, 1962) shown with fine rigge (fTH8, 1970) & o3RS5

I I T T I T T T I I
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fork length (cm)

50

.lTlllll'lllllllIlllr
BEAINEARNEEE AN ENER N

line and by scale-reading (YABUTA and YUKINAWA, Ntc E BEY le DfEICIZIZEAE
1963) with thick line. AN, KEMHR &L

Modefied from YABUTA and YUKINAWA (1963). o . L
ocene : HoBoNIc E BLU le D53 F 3

- /o T—H LT AEHE & B LT (1970) 5 C.S.1.R. O. OWige#® (/& 21E HYND, 1965) I,
A—Z LTV TREDIF I/ 0DWRTIZIDODE - stock RAEERD Blice— FEZBHLTH BT
RetEMD B EBRTN S T EFHREN, FBAEFZXITERVRALHbOEENDKEMKREITHR (1970,
p. 248) MR L TSRO IR BT, BRI X 3REHBOZNICH B BSKREL, Led 5T o 250
FNkS5THB, DT LR, EEMNIILERBZFHNZVND = 0 fHic OO THRILT 2D H 5 <
ExRNELTN S,

4. BEIhIcHER

PR AEED F A ZIC D20 TiE, REMRE TS O MhD S DESEEM TEbhTHs, LiL,
HIPAFHET RFREOTRENE 5 TVE FALELTIE, HHEL S0 ESEEN RAETHEE LT
(SCHAEFER et al., 1963) {KEHMHE,» S DESHE LNTEHLNTE LT, 220FkicksTRDS Nk
FNAOREREE LM T 2 EMBTEE L 5T,

IV #& Eil

A1 EBHPERATEAETRANDICK 5 TE ON/HERID, FEMADLSIRATE, BESED S B/INHEE
ES5TWT, BEDOKEMRIZEEDBIREOREL S T TV AN K &V, Thic LT, EifkE
DOl T & LTHREENEE LcB&ICE, R—MEORELBIIG 2 EMNTE, HEEMBDRD VN
T EHEND, LI TREFBRD/ 7 #—2— & LTk, TBHEEHOTH EDEEM (1960),
YANG et al. (1963) DR, THbLBLREMRE £ & LT 0.35 ik, MERIAE /- 12 190~200 cm Z4RH
Lic AL nEEZI OSN3,
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HEALFETCEBREONREE s TOBEF A FEL, DEPAEETRIBDOOMNRERE 18> T EH
CRBORFEEHCB LTV 2 THEREDH 5 L EZ ST D8 (SCHAEFER, 1967), ZODFNZICDNTII,
BIRD & 5 ARSI L A FESEERBEIN T B, Lichi-> THREMRBRORIT 53R S el RARKE
W L 2 2 N EEZ HBBRFITE LD 5 72, L LRPERATEED 1 £IC D0 TIT1E - 7o i sy 0 S i
AL, HMAEEDF ALICDNTH, KEMED S R SN RERE b @K, BRER I~ &
BNCFIE N TS AR H 2 LEZ OGN,
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