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As a part of the Pacific-wide study of the population structure of skipjack tuna (Katsu-
wonus pelamis), eight samples—three from the waters southwest of Shiao-Ryuchu and five
from the eastern Indian Ocean—have been collected. Comparison was made first by covariance
analysis ‘on each character individually; then, generalized distance function analysis was
employed for multiple characters comparison. Finally, considerations were made on the
adequacy of selected characters as well as the ideal numbers of characters to be used for
multiple characters analysis, The results obtained reveal that: (1) there is a significant
difference in morphometric measurements between the samples collected from the waters
southwest of Shiao-Ryuchu and from the eastern Indian Ocean, (2) two morphometric
measurements, i. €., head length and snout to insertion of anal fin, was sufficient for morph-
- ometric study in case of skipjack tuna,
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Table 1.. The skipjack tuna samples used in the morphometric study.

Sample Fishing ~ Fishing Sample Range of Average of
‘Number Date Ground Size Fork Length Fork Length
1. % Aug. 1970 . 10°8, 100°E ‘ 45 365~774 mm 572 mm‘

2. July-Aug. 2°S, 88°E 59 409~744 611
3. May 10°8, 115°E 50 405~788 574
4, - May-June 15°S, 116°E 29 409~778 601
5. Dec. 5°N, 95°E 37 475~726 622
6. Aug, 1971 Southwest of 37 297~572 384

Shiao-Ryuchu
7. Aug. 1971 Southwest of 24 309~646 434
Shiao-Ryuchu

8. Aug. 1971 Southwest of 22 257~485 335
» : Shiao-Ryuchu

* 1~5 freezing fish, 6~8 fresh fish.
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Table 2. Regression statistics of various characters on fork length of the skipjack
tuna samples. b: regression coefficient; a: intercept; r: correlation coefficient;
Vs standard deviation from regression; C.V.: coefficient of variation.

. Character: H.L. unit in mm

IS\?Jgﬁ)lgr b a r VVps ad. mean C. V.
1 0.303 1,039 0.993 4.425 164 (1.39) 2.53
2 0.304 — 2.024 0.990 4.431 161 (1.24) 1.87
3. 0.297 3,755 0.994 3.078 163 (0.93) 1.77
4, 0.314 — 5,984 0.998 2.020 163 (0.90) 1.11
5 0.315 — 8.158 0.990 2.971 161 (1.64) 1.58.
6 0.339 —18.806 0.997 2,285 163 (1.57) 2.05
7 0.342 —20.531 0.996 2.660 164 (1.74) 2.08
8 0.339 —18.375 0.997 1.923 164 (2,76) 2.02

. Character: S.P.

SN?I&%; b a e VViea ad. mean C.V.
1. 0.323 — 4.376 0.993 4,689 169 (1.47) 2,60
2. 0.313 — 1.403 0.983 4,534 167 (1.64) 2.39
3. 0.311 ‘ 2.895 0.992 3.802 170 (1.16) 2.10
4. 0.328 — 7.499 0.997 2.697 169 (1.20) 1.42
5. 0.328 — 8.988 0.988 3.364 168 (1.85) 1.72
6. 0.348 —17.798 0.997 2,221 170 (1.53) 1.91

7. 0.343 —16.334 0.993 3.828 168 (2.51) 2.89
8. 0.344. —16.159 0.995 2.377 - 169 (3.42) 2.40
. Character: S.1.

iﬁiﬁfg; , b a r VVis ad. mean C.V.
1. 0.328 6.750 0.989 5.834 183 (1.83) 3.00
2. 0.329 1,965 0.981 5.087 179-(1.84) 2.50
3. 0.334 3.400 0.992 4.191 183 (1.27) 2.15
4, 0.334 1.469 0.989 5.366 181 (2.38) 2.65
5. 0.306 17.504 0.978 ° 4,309 182 (2.37) 0 2.07
6. 0.357 — 9.345 0.995 3,131 183 (2.15) 2.45
7. 0.340 — 3.821 0.991 4.104 179 (2.69) 2.86
8. 0.371 —15.673 0.989 . 3.870 184 (5.56) 3.56

... Character: S.II.

%ﬁf’égr b a r ViV ad. mean C.V.
1 0.642 —11.001 0.997 5.390 334 (1.69) 1.51
2 0.635 — 8.739 0.994 5.446 333 (1.97) 1.43
3 -0.636 . — 8.637 0.997 4,955 333 (1.51) 1.39
4, 0.643 —13.,311 0.998 4,269 332 (1.90) 1.15
5. 0.636 — 9.453 0.995 4,226 332 (2.33) 1.10
6. 0.636 —11,915: 0.998 3.217 330 (2.21) 1.38
7. 0.621 — 5,496 0.997 4,778 328 (3.13) 1.81
8 0.669 - —25.461 0.99%¢ . 4.253 334 (6.11); 2.14
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. Character: S. V.

SNann%Zr b a r- ViV ad. mean C. V.
1. 0.347 — 4,570 0.989 6.265 182 (1.97) 3.23
2. 0,344 — 5,670 ©0.980 5.450 179 (1.97) 2.66
3. 0.328 " 6.246 0.980 6.498 182 (1.97) 3.35
4, 0.354 —~11.404 0.994 4,167 179 (1.85) 2.07
5. 0.345 — 6.495 0.983 4.244 179 (2.34) 2.04
6. 0.361 —17.394 0.994 3.351 176 (2.30) 2.77
7. 0.364 —~17.715 0.991 4.554 178 (2.99) 3.25
8. 0.347 —11.440 0.984 4,325 175 (6.22) 4,13

. Character: S. A.

Sample b a r V'V ad. mean C.V

Number ¥z s
1. 0.712 —20,920 0.998 5.859 362 (1.84) 1.52
2. 0.701 —14,663 0.996 5.006 362 (1.81) 1.21
3. 0.684 — 4,264 0.997 4,952 364 (1.51) 1.28
4, 0.705 —16.914 ’0.998 4,996 362 (2.22) 1.23
5. 0.712 —22.839 0.994 5.162 360 (2.84) 1.23
6. 0.674 — 8.045 0.998 3,908 354 (2.68) 1.56

. 0.700 —15.256 .0.999 3.026 361 (4.06) 1.05
8. 0.688 —13.151 , 0.996 4,329 357 (6.22) 1.99
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o EIEFHES (Table 2.) FEMAZ LR 95%RIEBEEAME o HEEMF > DR 8 BIERK 8
TIRERE R 8 B IBRME R/ (257 mm~485 mm) » BSEHET /N (335 mm) A3k o BEIE
(intercept) @ {HTTE » ST MFIEDE B HERZHHME » HZRESL ;s MRABENZERR/D
%Toﬁu@%%ﬁmﬁ’ﬁﬁ@ﬁ%ﬁ&@%&ﬁ9$@ﬁ@%ﬁ2ﬁ%§%%%ko%%wa
2. EEFETE LSRR E R TR ENER » AR L FRREERER

@) HEERAVENBEETBER O5%NEHERA » 80 Fig. 2.0 DE—BRELE - 5%
AR E @ SERERERRAERE 2R s MREAVETNE » AIRER » UEERRRE
R ZERE/D o Table 3. BFHRGEAHE—EE » WEZRTBE (G M) » KTHEERE
BT ERZTSEE) » DR EEER » SR THEE) - 6. M. TS » WEA
MUER B/ RE « HL, S.P, S.V, S.L, S.IL. Tkl S. A, §k o 25 NEBE D » BRI ER
MORE (B H.L. B S.P.) B A F 1 G M. ZHEHGRRE 4>G M. >F » Mm@ AR
WE (B SIL % S.AD) KRB BB t F>G M. > A0 NMREPEEAREIZE S.V. & S.L s gl
RRNER o RELLCIFFLGR » ENEZ O/ B B » AR BE 2 @2 R
BT o S o

&) 8@&%~£&%9%@%ﬁ%@9@%%%@’ﬁﬁmﬁﬁﬁ@’%%ﬁﬁlﬁéﬁwﬁv
%ﬁM%OETﬁh4-*9%TSH-&SWK%@ﬁ%ﬁﬁ@%%*ﬁ@%%ﬁoﬁﬁﬁ@ﬁ
R IR BEETHE » ARESZMYEEEEY - B AV EARMES 2B ML - &2
1 Table 5. Fi o BRANDFHTE » EIBEERZME » MEEEEERZN  2RESREL s MEE



56

Table 3. Comparison of adjusted means for various characters of skipjack tuna samples

catching from southwest of Shiao-Ryuchu and Indian Ocean,

(unit in mm)

H.L. S.P. S. V. S. 1, S. 11, S. A,
GM. 162.96 168.65 179.39 181,72 332.16  360.35
A. 163.63 168.90 177.74 181.88 330.85 357.60
F. 162.55 168,51 180.38 181.62 334.55 362,00
Table 4. Covariance analysis for skipjack tuna samples, F,, F, and F, are the
variance ratios used to test the significance of difference in regression
line, regression coefficient and adjusted mean respectively.
H.L. S.P. S. L S. II. S. V. S. A,
F,  8.860%*  5,730%* 5.073%+ 2.179%% 4. 474%% 2.750%%
Fy 8.905%# 4,071%* 2.864%% . 1.042 1.558 2.524*
F, 7.419%* 6.836%* 6.972%% 3.314** 7.293%* 2.871%*
* significant at 59 level, #* significant at 194 level.
Sample No.
6 7.8 3 & 1 2 8
mm
HL. 165
T TP b
160 + Characters unit: mm
sp 0] + + I ! Pt HL s.p. S.IL SISV S-A 9,
165 ! L4
- L ) ) T °
185 1 ' 2 : 40
SI 1sgf ]L 1 ;
: 40
340, lJ—LLk JLL I-LLn_..-r-LL-q
4 : A
- 335, Ty } { ¥ s : ﬁurﬁw,JLLJn'-. L °
" 330 '{' 5 .
t] . EA VSRR
£
g . 6 . J’ﬂ] 40
@ N
SV. 180/ + + + Jr + , : IP-L HJL IIL‘
+ 40
ws| 1 Jhdr b
R N
360! . . .
SA. T 1 : Fig.3. Frequency distributions of various
355 + characters adjusted for the same fork
length (537.7 mm).

- Fig. 2, Adjusted mean values of various
' characters with- 95% confidence
limits, Adjusted for the forklength

of 537.7 mam,
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Table 5. Covariance analysis for pairs of

skipjack tuna samples. F,, F, and Table 6. Tests for variance ratio between
. . ’
F, are the variance ratios used to identical characters of the skip-
test the significance of difference in jack tuna samples,
regression line, regression coefficient !
and adjusted mean respectively. 5152
| .85
0.75
1.36 2
2.06 * | 1,25
2. 1.52 1,43 \
1,03 » | 1,48
\ 1.8 iz
1,08 f1.62
5, 1,40 1'.03 3 \s;%
3 %, b w2l 3 o0 *af 2,36 « %
., o 3.06 *#] 2,88 *| 2,02 % ¢
M 4 1.20 0,92 0.62 %
00 %,
s, 1,62 11,66 |1.37 %, 1
~ 229 s I, 2,07 * P ‘
4, 1.39 1,02 1.00 4
¥ \ 2.23 1095 |1.08 2,18 % \
. 1.95 « (1280 f1.29 Jiisy b
1.84 1.0 0,95 1454
. 1.6 ties 11,30 Jouns
Se 2,19 * 11,67 2,36 * 1,05
™ T 23 rT 1.29 0.95 0.93 1,08 5
. . " " M 3,77 ax[2:28 **[1.83 |1.29 |1.69 g
. . fihg xxfl,21 *xf2095 #xl1,46 12,20 *
:I e [« & 6 J_V|9 *x| 2 67 * 1,81 2,91 *% _].89
A * L3.a M N,82 %X 2,00 ¥%]2,39 % 1,75 1.72
i N AR 3.51 *a12,67 *#}3,79 #x11,53 1.60
o . . 2,26 « |1.66  [1.62 [1.62 la.rs 6
- N - 2,82 %] 1,71 1,37 |12 .21 fours
. T. 1.53 T.hk 1,01 2,00 0.78 42,92 #%
- v TS rTY 06 1,58 1.07 1.72 1.12 1.69,
. - 1.30, 1.33 1,10 1.24 0.79 2,17.%
. - 1.93  jt.h7 feioo |oiss. Joiss  |1.s2
8 1.83 *%|2,81 #x[2,74 * [2,75 « [ 2,96 *¥[1,70 7
— ax e s i we|3,29 we[2,64 % [1,12 7 {2, S |.gh 1,92
Fo I F ; » » « 110 . . 2.60 %
N EPENEN RN NN (NG EANER R e ENE RN L O R 1 0
: signif . NI I G R R I
: significant at 59 level 1085 1038 {1e35  [ve3s  licks: Joiss 2l

**: significant at 19, level
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S.P. K& » S.IL HEFEA o BBEEMKERERNTTE » BBV ERBVEBS AR ZERR
s MEIEREERED BRI o _ ' '

@) B Rao®, Yang et al®, Yang® » &EHAIRIEB ST ENERRELEHNRES M
B ARG HTER » DEMR T A2 -

(a). SRy E AEM: (Normality of Distribution) o
BEBEEGZEENTRELE
X=X—b(Y ~G.M.), G.M.=537.7 mm

WA EERREE S HiEMMEN Fig. 3. o —REBHFAERS HROEX » BUPLl S A, S IL R
H. L. SEE R o -
(b) ;&ﬁjﬁé@ﬁzﬁ: (the existance of common varlance) °

ZRAEVELCRMHZHREFIEBTNEL » Dl F—test MIBRHRIAE I (variance- ratw)
o ¥E 6 [EYE o 8 (ARG » &1 «Cax6=168 MHELMIE S » FE 49 HNZREREKE o Hp4
Bk (BLAR) » bR SRR 2 » eV ISA 2k » FEER 3 EiEGE 34 » BEEE
B S B 15 « AIWERNZREFZEREZABERS @ H L—13 S.P.-13.,, S.1.-5., S. 1.4,
S.V.-8., S.A—6 o0
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Table 7. Common correlation tests for the skipjack tuna samples,

Sample . .20 3. 4 5 6 7. 8 Xi—test

Number

HL-SP wk’ 2 e %" * # ek . 11.664

HL-SI * *E wE * *E 6.637
HL-SII Hk H *E 2.290
HL-SV EEN EX EX ok *% * 12.256
HL-SA %, o * ok * 16.001%*
SP-SI A T ' * o 5.117
Sp-SIT ’ * ke ‘ 4.025
SP-SV o wE. s #k ® - 19,768%*
SP-SA" , o # w * - * 8.611
SI—-S,H *% P g - g% #% gk gk Rk 4.470
SI-SV * o w 15,502
SI-SA ) Hk * * * * 6.510
SII-SV i * % 9.088
SII-SA ‘ ok ok ok *k 8.280

SV-SA. *E * * *E w* 13. 655

K. significant at 525 level
## significant-at 1% level

(© #ESEAEMRAYEL. (the existance of common correlation between samples) o
o RRARER MRME S RGO o TRl Z-#% (Z-transformation) 5 [
X2—test PIBRTLE 2T ERER Z ERERME o i Table 7. » FHRRREISRRRRER ¢ & 120
$H - (Cax 8) Hpg 72 JAZEFRE AKHE » Jirp HLL-S.P. K S.I-S.II.. RS » AARBRESE
> S.P-S.IL R SJIL-S. V. i » B/ FH T o Bl XP—test JERHIRER » BRT S.P.-S. V. &
H.L-S. A, W25 o R KE o KB LR » BRZHERENMERMARTIRRFE
E(Jo PR o

%Akﬁﬂﬁﬁ&ﬂ Ef‘ﬂ*% ﬁfﬁﬁjﬁTméAJ\.ﬁﬁ o (H—RE @A &5 FIPIBI B Pk » PTEE

KAt o RIELTy T LI P BIERE S5 Hr EE ML

(6) JEEHAEEHERZ A ERERERIEN (distance) Daﬂé s B Dzﬂﬁﬁtd\d@ EfF » EEHT.
BEFITE AT » MRS PSRRI » 6 A ERAN I SERER ﬁﬁﬁﬁmz%ﬁuﬁéﬁ
VEEE o ISR ILM 2 RAORE M o WS R - STPEEREMRIEF o 6 EPE—R
FARFRYZESREERE » DUR F—test JUf%SR » FIBL Table 8. o RT 1-4, 2-8, 3-4, 4-5 Z!’H@%@%ﬂ(
# o RECERMFFHABERERE& s PRBEZ P 5‘3%&]*3?’ » SE PR PO 2 BT o
) HEMERZM > AWEZERE kI NEFHTIZ o MRS In—EE » P
M2 3 REEMR TG 25 o Table 9. JRAFRHER: » SR IN—ETRER » PR e B ERAES B LS5
BORESR o R8RS+ » REIMESRE RIEMA KRS EEEEKE » 2REMESE=0OME
»ESHREE - MEENGHPE » RA—MREE o FS TR 815 215 IR B
’&@EF‘%?UEUmﬁ%ﬁ&k&ﬁ%?ﬂﬁ@%%%ﬁ?h%%ﬁ%%H# » RS | R R AR AR
Ro ' ‘ '
‘ 7)) HRTWE I REREY—ERE » EPE - - EENERE—RER o AR
PEBIBEATR AR R » LEEENRR o Xl Table 10, » FIPEMR28E RGP » Z2RIPHIERFH



Table 8. D? and the results of tests for the variance ratio between
skipjack tuna samples, using characters arranged- in the
order of its contribution to the value of D%

" Combination

of samples Orders D? Variance Ratio
1~2 It3 2 5 4 6 1.008 4,080%*
1~3 6 1 4 2 53 0.708 2.646%
1~4 514 3 2 6 0.711 1.946
1~5 15 2 4 6 3 0.788 2.,499#
1~6 6 54 1 3 2 4,952 15.712%%
1~7 4 3 5216 3.134 7.565%%
1~8 56 3 21 4 3.386 7.698%%
2~3 321 56 4 1.384 5.950%*
2~4 21 3 4 56 0.866 2.643%
2~5 36 2451 1.453 T 5,212%%
2~6 6 3 24 51 8.720 31.290%*
2~7 41 2 5 6 3 3.076 8.206%%
2~8 6 3 1 5 2 4 5.705 1.272 ¢
3~4 536 2 41 0.523 1.496
3~5 6 1 2 5 3 4 0.795 2.652%
3~6 6 54 2 31 6.794 22.661%%
3~7 4 3 56 21 3.292 8.278%x
3~8 6 51 2 3 4 6.207 14.675%%
4~5 1 2 6 3 5 4 0.612 1.529
4~6 6 5 4-3 1 2 4,734 11.,824+#
4~7 4 31 5 2 6 1.894 3.739%*
4~8 6 51 3 4 2 2,674 5.006%*
5~6 6 1 2 5 4 3 5.242 15,040%*
517 4 1 3 56 2 2.806 6.231%*
5~8 1 56 3 2 4 4,142 8.688**
6~7 6 3 2 4 51 9,322 ' 20.700%*
6~8 4 6 1 3 5 2 3,209 . 6.731%%
7~8 "3 4 6 5 21 5.212 ' 8.838%*
*: significant at 59 level; #*: significant at 195, level;

+1,2,3,4,5 and 6 stand for character H.L., S.P., S.I, S.IL, S.V. and
S. A., respectively.

Table 10. Distribution of D? values and Harmonic Mean for the listed characters
between paired samples with 8 total individual samples, '

. d : Mﬁéharacter

D2—-order et e S

: : : - H.L. S.P. BT 78 S.11. S.V. S.A.

n=1, 4 1 3 6 3 o

2. 7 2 8 n p 7 3.
3. 6 8 3 5 2 C 4.
4, 1 6 6 5 9 1
5. 3 6 4 4 7 4
6. 7 5 4 7 0 5

1/H.M.. 1920 1367 . 1828 1897 - 1.803 .  2.620
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Table 9. Result of test to judge the significance of the additional distance
-contributed by the inclusion of some extra character.

 ati : Combinati
Combination Pyt Fa  Fa Fis F mobmation g g, Fg  Fsg

Samples Samples
1~2 * 3~5
1~3 | * 3~6 - .
1~4 3~7 #
1~5 3~8 *% ok #*
1~6 * *k ok 4~5
1~7 * ok ® 4~6 ® ®
1~8 o 4~ w
2,\,_;, * e 4~8 o
2~4 * 5~v6 T % * *
2~5 o B 5~7 s |
2~6 * *® *# 5,\,8“- e |
27 ok * 6~7 e R -
2~.8 *% ®% 6~8 * 2%
3~4 7~8 *E

T Fooe1=Uppsa X (N +=N3—p—2)
where p the number of characters and N, the sample size,
Uppr1=(1 +MXD217+1) +(1+MxDy})—~1
M=(NyxNp)=((N1+Ng) x (N1 +Nz~2))
D,?: Mahalanhobis’ D?* based on p characters,

BHOIREE » Sk HEIATE (harmonic mean) WYBBLIEOIBR » Ll S A Rk - HL. BK » %
KR S.IL, S.1, 5.V, S.P. RULER LD RRRBBENEENHE - RN S.A R
H.L. IEREE » MRBRNE S GHE o
W KR

ISR R » e MRS B RO FIEE M B PRI 2 TE M » RIS R B
RS TRBEEE o TH B RS R ARG » SRR BEIATIRAR © ERBPTRARIVEE R, » RIS TR
BIRERR © RO IRRHEIAT IR T 254 2200  JREATIE UL E RS - A1
LIRSS =R AR TR » SOVBEEORAS 1 o SREH  RRRET » AlE
AR (AR R - (BRI BB I BN E LB » EHIVAR R A 5T -
LRI AT © B3 @ LA HBRBT BRI BB R T (conversion factor) » MR AISTE R f 2
s FLIAIAL A R LLL G » RS RARBERE R A BRE « FULERRE | e LAY
R EEEREESESERR L ER » L » MR ERREZE® » iR REER
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e s HEERNERE » B » YR RMNABRATIEERTITG & » MRHNERZRERFRRTE
o MAEEH » FIRERBRABRTRNERENGR - RARVENS » EREENERETREZE
> S _LIARRAE s TR FE HEPTAES EE » AIBAEER o SRR LEENE RS »
BT HEAERBERNA RN » BE R REMERNOPE » MEREE—PHIL

Kazuo Fujino™ @& : WRENHATHE » EREFEEEE > WHURTITmERT : ()
FERREH » RRZIKERR » DOFHENS BT o QIBRRKRES T - OEMOREDRY
BERARR AR o (BT ABAERIBINER « OWRGRTR BN ST » JIBUER » #HibDBR

HEBWE -

HREEIRDTIE D » B 1972 SPEERR » SRWRBAEB LA TR o

(1) DISERESH RAGIEER S AN RIS 3 EHRRRAERRE S B RZHR/MIT R LY
RRAHEW -

@) BREMABEMS » SMIVRLEEENERTA » ERZIEESIY EOPERHEAE » 5
BT AR M o

@ BT RORER o SUETIE » B HLL. oSk » HR S.P. &SA~’ﬁ%%
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