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Distribution and Biological Characteristics of the
Blue Shark in the Central North Pacific*

Hideki Nakano**, Makoto MAKIHARA***
and Kenji SEIMAZAKI**

Abstract

Distribution and biological characteristics of blue shark (Prionace glauca) were inves-
tigated by longline and gillnet methods from 1978-1982 in the central North Pacific Ocean.
93,512 individuals were caught at 1,342 stations during this survey. They occurred south of
48'N and were most abundant near the Subarctic Boundary (approximatery 37°N to 43°N),
where the water temperature is 14°—21°C. The younger individuals were most common
occurred in the northern part of this research area, and the adults had a strong tendency
toward sexual segregation. Males predominated offshore and southword, and females were
predominant near the shore and northward in this research area. The relationships between
body weight (W, in kg) and precaudal length (L, in cm)are shown by the following
equations, :

W =3.838 X 10-6 L3174 for males,

W =2.328 X 10— L3-2%¢ for females.
The difference between the slopes of the two regressions is significant and it became remark-
able for precaudal lengths of greater than 100 cm. Pregnant females migrate northward from
spring to summer and give birth to young south of the Subarctic Boundary. The sex ratios
of pups in each pregnant females were almost equal and lengths of pups in each pregnant
females were about same size. Smaller embryos occurred from summer to winter and larger
ones occurred from winter to spring.

&

B0 BRI TR 2T 522 % 9 ¥ 2 (Prionace glauca) 3 BEMREEE O fp b T
ERCHRRFEERCL IRDIEABESh, TOBREFKEVEAZABATV5, FETILAT
Fesnwt, ERCR7 7 A BREE T, bRt 46N B commeiiil,

¥ ALERE RS KBRS A 170 B
(Contribution No. 170 from the Research Institute of North Pacific Fisheries, Faculty of Fisheries,
Hokkaido University)
*r ALEBE AR KEE A K EF R
(Research Institute of North Pacific Fisheries, Faculty of Fisheries, Hokkaido University)
e BRKEAFRMRELY 4 -
(Japan Marine Fishery Resource Research Center, Tokyo, 102)
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MEHEPHRBMIZ L - TT Hdbld 5 2 & AH LA T 54 (AH 1953, Strasburg 1958, Neave and
Hanavan 1960, =5 1981), FAEMFBRBB OO T ok, TOERBKBIL TLERFED AN
%\,

1978 FF & 0 AL KPP RERBRICE Ty = 7V A ERAE, v BEREFER I (B
HEAREGEHRRE Y 2 =), ¥, 1981 EnbHE -EFRRBWHEIHICEWT, EBGAERED
A MBS SO T bR T3, ThboREEER, SHRERSEECESIATED
ZRDarF)FAPREZIR T3 10), KEOLBYALLETIRERFHY Lesd 0
LEZLRI,

AP CE 2 > F ) ¥ A OEEY R T 5 EBW MR L L TREBERO 5, ARER,
h, BEOHEME L OERERRIC L 24 HERA SOMEX 25 EXENELT, 2hbD
KERhe >N LR 2 RET 5,

ABICABCEL D, BEOHEPE# e BE R KE A K EF D=
FHE, AEEROERCENOEBEE Y W B KEEEER v 2 —EIER LR
APR—18E, BADRECHBN 1ok ey 2 —BEROHBEREICRE LS WEE
®LET, REOHVRE LY 2 —RAEBIHHN, CEEXFHEERILRACELRTIMREILHE
HBEMOEBIE IR Wi, S RBEYELET,

BHELURE

1978 FE2LALKEFHE DRI R\ C, BHEKEGEMRE Y £ —cX Y, ¥ A HEEHRARE
B Oy ~7y A HEFERHFEREVNER S hic, ¥, SEXEEEIRALZERCKS T, 1t
ERFHRERILENC L YBEARLBLACICREORELTbh T\ 5, ARFFE T 1978
~1982 FOHIMIC RO ZBEMC I v BLR I v F ) F A ORERAEE L -, RBERhcft
ShicBER BAENESIEERLE YR I, FRESYRLoRT,

BEBRBIFERS I CHRLBTH S, FEEOHKFEIL 0~60m KHE I, 1 EOHEI
2 & 1.500~1.800 g5V L, HLAORMEBTAEMIC L » TR B M, FEATIE 118~250
mm B4, JLEHNTIE19~233 mm BEVXAVL R, FRARKEN—FETRWHIR, STHREER
CPUE QH\ESY I FHEBAR/ADRE THRbLIL,

Table 1. List of each reseach cruise.

No. of Blue shark

Year Vessel Fishing gear *Area Period stations catch
1978 Hoyo-maru no. 77 long line N.W.P. Jun.-Feb. 152 2,802
Shinyo-maru gill net CNP. Jun-Jan. 146 28,230
1979  Hoyo-maru no. 53 long line NWP.  Apr.-Mar. 149 4,376
Shinyo-maru gill net CN.P. Apr-Jan 187 19,028
1980 Hoyo-maru no. 53 long line NW.P.  Apr.-Dec. 135 5,326
Shinyo-maru gill net CNP. Apr-Mar. 176 14,758
1981  Shinyo-maru gill net NEP. Arp. -Feb. 180 10,676
1982  Hokusei-maru gill net NW.P.  Jun-Aug 31 325
Shinyo-maru gill net CNP. Apr.-Feb. 186 7,991

* N.W.P.=northwestern North Pacific, C.N.P.=central North Pacific, N.E.P.=northeastern
North Pacific.
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FAEILD FET 1342 M5, HERGK I3512EETHD, 20 5 8,494 B EEREER
DEFTCHEIh, —RieowCHE, £EBOERNHEAIES KT, dREYRL H BFRSRXZ
TE L, BRI OWT, BRITERRLIAKIL, BEEESIUBTORERRN, T
IERER Y RBOEE L U TERARSL KM Ui, T, BIEDO—8% 10% A1~ Y YBERT

50'N

40’

30

40’
-“30°
’ { ‘ 2 +450°N
e
? Hao
CPUE
Q:over 0.5 .
r 0:0.1-0.49 130
0:0.05-0.09
*.-0.049
+:none
1 L A 1 i Lo 1 I .
140°E 160° 180° 160° 140° 120'W

Fig. 2. The relative abundance of Prionace glauca near surface (0-10 m) caught by RV Shinyo-
mary during the period from 1979 to 1981. Abundance expressed as number caught per 1 tan
in each station. Numbers on maps indicate month.
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BEL, RRECAERTR- T,

R FEEPREGRICKT 2+ Y ¥ 2

EHBTHEEYREL LTHoed, —HoERCOWTLRE (WkrbRELWE T 0t

FTHEL, HEEOTBRALIER LI,

BL=0.762TL-2.505 (r=0.999, 0.005>P) »=267, BL: ﬁsﬁ, TL: & &,
Boht-Rcrbh, 2ETEbATCVWAIRECMBLERICA VI,

&
1) HHEELUBE

R

gEDa ) FAREMAD CPUEQ RY W BREBEED 55, FHERICLOHEEYE
SHLE(N2), AREBPELEECROA T 198 EX KR %, BERTRFE L > TILM

TEY, ALK FEORBHLIS/A
BETREI TS, BiL T 35°~43
No&EHE T CPUE 0B WH A% D3,
43N Pdbcde il LET 352 EEA
whb, ¥, XFERFLELTCERE L
7o 35°N LI g CPUE (3ZE L < KT
T5,
£FEEMEO CPUE LREAE»D, K
BoLEBKBRERHTA L (K3), BEX
Nl KEI129.0~254CoEHICH- T,
CPUE 05 A F o K& x 14~21°C T
@o?‘:o

2) RN

REWRE I NI EREARD S, ABE
TIEAEOHBINEL, BHEBEChzoT
VB 180 EDFEHROT LML 2/E
HWREOWTHRRS, ATt it 3
BENKEINIVWOT, FHESOERY
ARlicE tdTNoEREYRDL (K
), B 5 ERARIZH 50~200 cm DO
BT, SERMERTH, KRTEE
BRI 100 em LI F %/ #&, 100~150 cm
BorhRA, F7o, 150cem L ER AR &L
T5,

BRIBIL Y TOERIELRBEMI
B%. REHHEHFALBMARLC8~10 AT
AR EAEERYRL, £BREB I
TR T ARMA MR L TR Y, M
e BRI AR T, Fh, 5~6 HR LU
11~12 A, moFHEoOMERERL
TWwb, - TEENOEFCHTTER

21

CPUE

[

1978

1980

18
temp.

14
Water

Fig. 3. Relation between CPUE (shark
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204
10+

104

Frequency in %
2%

Fig. 4. Frequency distribution of body length of Prionace glauca which were
caught by Shinyo-maru, 1980.

BRI E D, RFERHIPFCARELTE I 5B 53 b5, Bl 5@ A»EET 5
L, THBEAERENZEFOFFHIIIAETHER A, LF0BMEBR T, KBEAEOZMN
EBBO/mTHZ LAMEL B,

3)) % it

BRI OMNREBREEY LR ERAKEOBERHILL Y BTt E Lo, B2 BRI oW CHEOZS
OE—EYBR LIER, BEACHERERALRI(GE), 205 bHEAEML Tu 58K
BRAFCESZZBENE L EFELROE LABERHEBRTH 5, HHS - LHM S Wi BisaEaT
BUBEOARERED B (X5),

1) FR-FEMHE

1982 &, JLE A & FHEAK X - CTHE S hick 285 [, i 148 EHOGR-GEBIRZR 6 I
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TEL: AFETRESEICETE T3 ) ¥ 2

Jsow
~40°
430
1982
i 1 N ) 1 L L 2 L
140°E 160° 180° 160" 140° 120'W

Fig.5. Distribution of males and females. Solid ecircles are sampling stations and numbers
indicate month. Striped zones indicate regions where males are dominant and dotted zones
indicate regions where females are dominant.

Y. HEOKREHZ 31~209 cm, KE T2 0.15~800kg TH Y, D% it 32~190 em, 0.21
~95.0kg TH o T, HEIEIRERE 13 EHEEL, RPCHAATRELTH 5, BREOKE(L, cm)
LEE (W, kg oERBRRE U TeRT,

HE: W=3.838X10"5L>'7* (r=0.997, 0.01>P)

e - W=2328X10"5L32% (r=0.994, 0.01>P)
HERED BRSO BB RBIC BB 202258 b h (F,=14.330, df : 1,429,0.005>P), #E# 100
cm 2 LD IEREE RS B,

5) BMEBROME

H: ARCHETITESRER, BEER TEBOAK/AE LI OBLOEEYTA, hE L%
BEROBFKTE, $E110em X U 160cm MR EMADO LR LR 2 ST G ,RE D Wi
(D, BREEQEE 120cm (552 ML, 180cm Ll ot B & H#dik & < 7o 24 2
5 (R, ¥, TEV/OBKLB L UBEIL>WT, GEEE10m Z L erhbnTEb S
hIBEOE G EZRDI (K 9), TR OB RKALIIEE 120 cm 32514 % b, 150 om T2 80%,
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Table 2. Sex ratios of prionace glauca which were caught by each

Year  Vessel \Month Apr. May Jun. Jul. Aug.
1978 77 Hoyo Sex ratio 358:466 121:145 180:159 169:56
x° 14.15* 2.165 1.301 56.751*
1979 53 Hoyo sex ratio 72:85 86:34 120:21 372:119 1:6
x? 1.076 22.533*  69.511* 130.365* 3.571
Shinyo  sex ratio
xz

1980 53 Hoyo sex ratio 332:30 86:1 238:44  629:189 154:411
x? 251.945*  83.049* 133.461* 240.796* 116.901*

Shinyo  sex ratio 14:116 122:145 200:82 89:109 141:90
x? 128.36* 1.981 49.376* 2.02 13.709*

1982 Shinyo  sex ratio 12:113 181:443 89:162 173:45 61:13

x? 81.603* 110.006* 21.232* 6.644* 31.135*
Hokusei  sex ratio 136: 86 58: 66
x? 10.99* 0.516

* Significant at 5%, level. sex ratio=female: male

100 100+
~ = -
o ~
X o
~ h & -
kol i - i
5 5
H =
$ 50 2 50
> >
3 3
o | o
o T i) o ¥ T T T T T 1 1 T T il
100 200 100 200
Body length (cm) Body length (cm)

Fig. 6. Relationship between body length and body weight in each sex. Open circles indicate
gravid female.

180 cm LA TR £BESGRIL T, AR 130 em [ ECHBE LD, 160cem Ll ET
BEBERKRD I, ZOFRNS, KEROHET 150 em Bl ETHRBUCE TS & E2MEIL 5,

M HED BB I S & L CUIEIRBEA O GRBR Y~ (K 10), S EEFEIT 138~203
cm C, FEH163.5cem THo7zh, 150em L EASHEBERNEL LD 0D, COEEMATSY
BEGERE L LZELTIVTHS S,
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FE D dERFERRERBICEFL 2 R VY2

research vessel for each month from 1978 to 1982 and values of x°

Sep. Oct. Nov. Dec. Jan. Feb. Mar.

301:99 358:18 169:8 56:8 106:1
102.01* 307.447+ 146.45* 53.01* 103.04*
784 :218 505: 7 173:202  183:174 991:47

319.717*  484.323* 2.243 0.227 858.513*
207 : 603 183:216 89:181
193.6* 2.729* 31.348*

1031 : 599 38:461  149:342 25:425
114.493* 358.575* 75.864*  355.556*

226: 32 137:83 150:169  173:123 26:41 53:54
145.88* 13.225* 1.132 10.165* 32.143* 0.009
36:53 5:86 11:86
3.247 72.099* 2.495
2001 . 10001
i ;{% |
£ ke
5150— ° ‘2 ." ) |
£ eyl 2
2 e £ ” e
H ., I .,
5 K : gt
81001 c.e* 5001 (R
L ¥ L wh o
° ¥ s Sa
50 T o
Y 5'0 160 150 260 250 0y T T T 1(’)0 T T 1 1*0 LI B R | 260 L.}
Body length (cm) Body length (cm)
Fig. 7. Relationship between body length Fig. 8. Relationship between body length

and clasper length in males. and testes weight in males.

6) MEIREFOSHiEE

EREEDO SRR YHE LT 5, 2RBEALI YA LT LD T, £kt HE
WA E 11 R Ll R RERE I NN, HEBEIENAERAERE Lo EF
w5\, B b ALRIORE ST 43. TN Th » 1o B, AEOBEA BV 6~11 A ORI 40N
FHEDEOEBIR CHBERSE, & ORRIERMAR, D LTIl EERRAN S & &
BETH 5, B 2FEREO HBERER, FLoFrdtdtRL, KELRZETTS
ER»D D, o, U4BW LIHEBE CEREEHILEEEIRTWRY,

7 B R
189 Bk D &I oV T, 1 BHEY b OB BB S hic, BRI 1~59 B o#iE ©FH
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% 40
100
% g . n=203
§ 50+ - )
g ¢ 204
g g o with fully ceicified clasper E
° _‘,'  spermatophore presence
o 1% 200 1
Body length in cm
Fig.9. Occurrence ratios of male with fully ol —F— o T T T 200
calcified clasper and spermatophore pres- Gravid female body length (cm)
ence in each 10 cm class of body length. ) o
Open circles indicate male with fully Fig. 10. Frequency distribution of body
calcified clasper and solid circles indicate length in gra.v‘ld females collected from
male with spermatophore. Dotted lines the North Pacific Oqean from June, 1978
indicate coodonates for 50%, maturity. to February, 1983.

325 T BETH » T Fio, B T0EECSVTHRIEOHIPER IR TWEDT, 1 BHIERND
HERE DY —PE RS LTS R, 66 BRI oW TH— AT 2 LT E B (FE 3), AR Yates O
WHIE T3 50 EEA TH— & Ao,

RIZREY ) ORBROBERB LA S0, BEZ LOFHEREYRD, ThAYEEARR
- TR I2IERLE, BEZ L OBERBEIVCVTHOBATLHER/NEL, 1BERNOERE
B IBISH— & Hice, FOFEHEER 13.7~37.0 cm OFFEICH - 2, 5 20 cm LI T /RIS
B2, 6~2 AEOHRICED b2, 3~ FicixHB L, T4, 2~6 AT REBIEAH
BL, b AR KBREDLBBREIA TV 5,

% =

APRTHVWEABERL, BEAHEORRIBEL L - THLALIDOTHS, T, KK
AR E R MBI CTHEIRB I ENTERY, 20D, BEEARITOWTRE LML AVCH
HEHOBER A B LEE -8, 2o FIF AR TAHAFREAGOMEERR L T, Bohi
EAREDOR THBE IR T TEERSD 5, FicABOFEBMEE 231 160~180 mm B & T
HEZEnD, NIRACHTHFESGRIMEWZ EXNELLRD, 3L, K LBIEBBREFE
PRECHBEE THEOT, ERHZEXBERELLCVARVERLEDS,

RAEOFHBICR EBOMEYGA TV 28, RAENRERFCHI), WREEALECE X
ATWBZ bbb, FEOEFRED > bTltllicfBT 5 L A0 hbORER L BEEL
T, & LTEAZRSER S L-REoMR L ¢, AEOoREREHT 5 ERN iR
RLB,

ABET, 2% ) F ARKEEOLR IR THRE Shic, AEIERE I KR L 48N
FTTHY, L, BRECIZFELIBBDTEEETH S, FEMSOREKIRL I ~25C
DOEEEH Y, 14°~21'C TREETH -, M LAIEERERMGEOBRBEYRERR L T52, K
LR SRR &R (Strasburg 1958), b AKFHEEEFEIR CREFCIRBAIE
Rl B LAEALRARL T, SENRREER RBIEB I T3 (Dodimead 122
1963), LR cR O BBLUROBRLARBR L BRB LA LTIVWTHA I, BLIME
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) T V T T =~ \_I - #" ™ T L LI N
N I ~50°N
‘> Y ¢ -140°
. 8\ b
. @® Mar.- May
1 L 1 30
L L A
~50°'N
o *e ® -40°
Jun.-Aug.
1 1 ] 3°°
T T 37
150'N
T4 . .
L o o .
e ":.. . . -40°
) Sep.-Nov.
1 1 1 1 1 1 30°
T T T T T T 50°'N
1 o
L. —440
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Fig. 11. Sampling stations of gravid females for samples taken every three months from 1978-
1983. Open circles indicate occurrence of gravid females and solid circles are location of
sampling stations.
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Table 3. Embryo sex ratios in each gravid female, x* values and Yates’s values.

Sample Sex Values  Values of  Sample Sex Values  Values of
no. Female Male of x° Yates’s no. Female Male  of x° Yates’s
1 14:16 0.133 0.300 36 6:16 4.546* 16.409*
2 9:10 0.053 0.053 37 4: 7 0.818 2.273
3 21:19 0.100 0.225 38 8:10 0.222 0.500
4 12:10 0.182 0.409 39 14:11 0.360 1.000
5 13:11 0.167 0.375 40 22:22 0.000 0.023
6 15:15 0.000 0.033 41 8: 9 0.059 0.059
7 16:19 0.257 0.714 42 8:13 1.191 3.857*
8 19:19 0.000 0.026 43 14:19 0.758 0.758
9 16: 14 0.133 0.300 44 9:10 0.053 0.053
10 10:19 2.793* 9.966* 45 13:12 0.040 0.040
11 8: 9 0.540 0.059 46 10:10 0.000 0.050
12 13:12 0.040 0.040 47 12:17 0.862 2.763
13 6: 9 0.600 1.667 48 13:19 1.125 3.781
14 14:10 0.667 2.072 49 10:18 2.286 8.036*
15 21:15 1.000 - 3.361 50 17: 9 2.462 4.653*
16 9: 7 0.250 0.563 51 10:15 1.000 3.250
17 12:14 0.154 0.346 52 12:13 0.040 0.040
18 9:13 0.727 2.227 53 9:10 0.053 0.053
19 19: 9 3.571 12.892* 54 13:12 0.040 0.040
20 7: 7 0.000 0.071 55 15:13 0.143 0.321
21 8: 6 0.286 0.643 56 9: 6 0.600 1.666
22 5: 5 0.000 0.100 57 8:19 4.482* 16.333*
23 13:20 1.485 5.121 58 17:15 0.125 0.333
24 10: 9 0.053 0.053 59 10: 5 1.667 5.400*
25 15:19 0471 1.441 60 14:13 0.037 0.037
26 21:17 0.421 1.289 61 12: 9 0.429 1.190
27 17:27 2.273 8.205* 62 36:23 2.864 10.563*
28 17:27 2.273 8.205* 63 10: 7 0.529 1471
29 30:23 0.069 0.155 64 11:25 5.444* 20.250*
30 13:15 0.143 0.321 65 10:16 1.385 4.654*
31 11: 7 0.889 2.722 66 14: 8 1.636 5.500
32 16:15 0.032 0.032 67 21:12 2.455 8.758*
33 16:10 1.386 4.654* 68 19:10 2.793 9.966*
34 14: 7 2.333 8.078* 69 2: 7 2.778 9.000*
35 2: 2 0.000 0.250 70 2: 2 0.000 0.250

* Significant at 5%, level.

TARTH7 7 AHBECRAEIZS8N fHEEcdb L LTk b (Neave and Hanavan 1960), 7Kg

C RAHOIBBCHENRAIBIERE LB Eabh3,
FAEHBROBEULEBE CH -1, ZOoBETRAAABRFLESHT IO, BEEHD T

W ELEBO—DLALRAN, AEFERE L TOFREHEALPEN AT S0, BER
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Fig. 12. Relationship between the mean body length of embryos in each gravid female and
month. Vertical lines indicate standard deviation. ’

PETOLHEBEIMEL B LbELOID,

REECRRREREC X 5 TabiabhTk b (Olsen 1954, Springer 1960), AfiDou»
THREEDOREN DB (FH 1953, Strasburg 1958), ABFFRIZI VT H 30°N Lidbh HERTHR AL
Wi R AERLCHML, ZoBAUBR T RBAAFLEERTAEA AR, T
DYy REBRBACKT 5 5M0EBIL Y v+ (Thunnus alalunga) 7 7 4 7 (Ommastre-
phes bartrami) THHU bh, MAEOBEIRERCENF I LBLEFEBECLIIAFLLAT
%7z (Otsu and Uchida 1962,4f Li%5: 198D EFE X0 & Lic/h « pRBOE SR EYEE
IRBEL, oBARELERHOLDIE LU CERTIERTHA (B0 1981, M 198D, &K
BCRABORE Y bd o), ThLOBREENHOBREE LTEERMNEYSD T
WEEAbRhD, KRERIELS HMT5ABD 5D, /b FRBREENOBV-EFEOEERE
WeER P RERE Lo T5 2 L3, AREEN L CERRERBIRIRTH 2 L HBE I h 3,

AR L > CHERIEMNR D (FAH 1953, Strasburg 1958, Stevens 1974, Pratt 1979),
FREC BT HRABROBRENBOhi, Thbbd, HIZEME L Zotlcs s, Bl
MRUE O ER S HBE L, CoEFEEMEFEANOCEETHD, TORRRED
755 E BB RIS ABO LRV EHTH B, AFROBERILLIHHETE W
B, ZOEsLAEOEREY SHLERETILELD D, ‘

1 A% b O IROB LY AN A, BEOH G IITEE LV LHE S hic, AU < BRET
¥ 25.7 [AfECAE (1953) OWE L —KT5, BREY D OREARIEROREENPNELS, F—
R LR, BRORERW—THB EHEINE, TOTFHBRIFMCRILD, 2~6 H
ww30em L EOABBROZMFEB ORI Z &0 5, HEDBRMIA~FHTH S LAbILA &
& oo W R oV C Al (1963) i3 12~4 A, ¥ 7 Pratt (1979) REMALERIC L - TR S
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EHRNTB, RKEEI BT, 8,10 A ARBENER L kY, HERRIRBCbHLAL ST
RSB, ik, hE 13em LIToORENBLhocn, SHIIEE (1953) BHEEL
TRER (200~30N) CoEFoRHE N Thbh ¥, EABRAFEhhh-TclkdLBbh 3,

ARAEORKRELFEEOMR, S, tRERCHSITAE 2>+ ) ¥ 2 OEEEXERNICERT S
LT X5k hd, REIZXEZEK 200~30N ok cfrizbh (AH 1953), BEENLEI
MBI 30N Lidb~db b Lt ~FFE 2 b O HET S, $hRIBRETR RIS cEHNcE
BB L i bEREL B 22y, REEAH,» DH#EOL BB RICL CRE YR, bE
T+5, RETERGUBERYERERER E T52, TEHUMCIAERRY R T 5, ks, dt
Bl¥gR 57T 5 R R T TORIIIERER (Cailliet and Bedford 1983) »H#E 1L T, 5~64F
ThA A5 EHAIZIND,

DED X3 ABoOEERIZIY Y F+¥, 7 n~<s e (Thunnus thynnus), = v 4+ (Brama
japonica) (Otsu and Uchida 1962, Yamanaka (34> 1969, EI& « drkf 1981) 7r & & FERICEERER
RIS TR L SEEFEENCEVCTERBEHOBERY S5 BETHD L AbI %,

AFEBIC LD ChECRBEOENE oz ) F 2ONFIRBTLHMOEEINH S &
BoTEi, LaL, AEOARZIMRITFS LIS LT, BUBLEECELEETEEE L
bh5 30N LIEHRIc > W TRFPWERES BT E v, RAEOEFBEEYHLA TS
DI, Thb0ERG SDFMRENOEE Bt hs, T, BT -ERFTEROERK
bl THATAABEO TR AT 259& « RRAORMFEAEYEREL, Thbdo
BEHESEYHLICTHELENDBIEA D,

= )

1978~1982 SE D HAR, BHEER X OXRBEH LERTMC L » B LR ER L&, EXF
ErREERCKTS 2% ) ¥ 2050, BRER, bk E0EYEHEELYRN L, &
ShicERIAD X 5 EH RS,

1. BEIIKFED 23 ~5I'N OFFEC b 5 ERE TR I hicdy, 2o+ ) FAHnRE
i D2 48N DB OEETH 5, RBTOSMBE L, 3T ~43N OBETRENER CEL, &%
SHEROE ¥ e SEGCERT S B,

2. HEMARIIMH40~200 cm O TEBER AR, EF2HOLE Licdbflik i) - p R
A%, BERcRARAO AR TS, EREGRVCECETREORE.S, CoXH
BUIRA LN IR,

3. #E (L,em) LEE (W, kg) OBRRARTREN, 5ERH 100 cm o SHEOIEMRENS
{725,

HE: W=3838x10-6L317¢
M : W =2.328 X 10-6 L3:2%¢

4 HIEABENTAH—TH Y, BUBREOAERE CENE <, AR VEEE ) ORT
THEOEIE N E -, MEEOT X B AE RO SBER A EY 100 em A L2 OHEEE B,

5. #HFEAIZION LHbicdb L€, &£ ~FFHETS L bhicd, ESEMcbsT]
LD B,

6. 1 BHRORENOELIIZEH—THD, £OFHERIR 13.7~37.0cm OHET, BHA
THRALKEZTH -1, E~LZFWPEBEN, £~FFRCRABBERBD LRI,
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