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Age, reproduction and migration of blue shark
in the North Pacific Ocean

Hideki NAKANO

Abstract

The life history of blue shark is discussed, including age, growth, reproduction and migration.
Age and growth of blue shark embryos to adults were analyzed using length frequency data and
vertebra samples. Using the values of modes from the length frequency distribution and calculated
length from the rings of vertebrae, a von Bertalanffy growth curve was estimated for each sex. The
measurements of reproductive organs were used for analyzing size at maturity and reproductive
cycles of blue sharks. The males and females reach maturity at a body length of 130 to 160 cm and
of 140 to 160 cm, respectively. The biology of blue shark pregnancy is described. The migration
of blue sharks in the North Pacific is explained analyzing sex ratio in each area, distribution of each
sex, and length class data from 29,161 blue sharks. Based on these observations, a schematic blue

shark migration model was made in the North Pacific.

Summary

The blue shark (Prionace glauca L.) is a large pelagic shark that attains more than 3 m in length.
It is cosmopolitan, appearing in tropical to temperate oceans around the world and is frequently a
bycatch in Japanese longline and driftnet fisheries. Blue sharks are believed to have a large
biomass near the subarctic boundary in the Pacific. Therefore, blue sharks might be one of the
key species in the pelagic ecosystem, and it is important and necessary to study their ecology and
life history in order to understand the pelagic ecosystem and to provide a basis for rational

management of blue shark stocks in the future.

The life history of blue shark is discussed, including age, growth, reproduction and migration

using data from high seas salmonid surveys by driftnet, large mesh driftnet, shark longline and tune

199448 3 A 7 AR\ EeEKENEIER #3125
* IRPEE/KERTZERT (National Research Institute of Far Seas Fisheries ; 7-1, Orido 5-Chome, Shimizu,
424 Japan)



142 o OF

longline studies. The high seas salmonid surveys were carried out by Hokkaido University and the
Fishery Agency of Japan. Large mesh driftnet and shark longline research were conducted by the
Japan Marine Resources Research Center (JAMARC). Tuna longline research was carried out by
Tokyo University using fishery high school vessels. Some biological samples and data were
collected by the author as part of the high seas salmonid surveys and Large mesh driftnet research.
The data collection spanned 11 years during which 105,600 blue sharks were caught and examined.

1) Distribution

The blue shark had a high relative abundance area from 35°N to 45°N latitude that seasonally
moved north and south between the subtropical and subarctic boundary in the north Pacific. Also,
high CPUE areas with sea surface temperatures (SST) ranges from 14° to 18°C were found in the
high seas salmonid surveys and large mesh driftnet studies. In subtropical shark longline areas,
located south of the driftnet research areas, the CPUE is high at SST ranging from 17° to 24°C. In
such areas, water temperature ranges at depths of 50 m and 100 m were similar to the SST range
of high CPUE areas identified by the driftnet research. From this data, it appears that blue sharks

shift their habitat to deep, cooler water in the longline area, located in the south.

2) Age and Growth

Age and growth of blue shark was analyzed from embryos to adults using length frequency data
and vertebra samples. Pregnancy lasts about one year, and size at birth is about 36 cm body length
(precaudal length) judging from the monthly length frequency histograms, which includes embryos
and young sharks of less than 70 cm. Growth was estimated by fitting Gaussian curves to quarterly
length frequency data of male and female blue sharks. Growth is very easy to follow in both sexes
up to four years of age. Vertebrae centrum were stained with silver nitrate, then rings in the
centrum were used for age determination. Ring diameter was measured from the focus of the
centrum to outer edge of rings. Ring diameter was similar in each age group. After comparison
with length frequency modes, it is believed that rings are formed in the late summer to winter

period.

Using the values of modes from the length frequency distribution and calculated length based
on rings diameter, a von Bertalanffy growth curve was estimated for each sex. The equations for
females and males are as follows:

Female : Lt=243.3 (1- € ~0-144 (=(=0.8400)

Male : Lt=289.7 (1- e ~0-129 (t=(=0.7500)
where Lt=Length in cm at age t and t is age in years. The parameter estimates were very similar
to those obtained in previous studies for blue shark from the north Pacific that used vertebrae and

to those obtained data from the Atlantic. Using vertebrae and length frequencies.
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3) Maturity and Reproductive cycle

Reproductive organ measurements were used for analyzing size at maturity and reproduction
cycles of blue sharks. To determine size of males at maturity, testis weight, total gonad weight
(including epigonal organ), clasper length, calcification of clasper and presence of sperm were
examined. Clasper development data, shows that males reach maturity at a body length of 130 to
160 cm.

To determine size of females at maturity, ovary weight, total gonad weight, maximum ovarian
ova, the length and width of the shell gland, uterus width, and length frequency of pregnant females
were examined. Large uterus width was observed in individuals over 140 cm in body length.
Pregnant females also appeared at this length, while individuals that narrow uterus width occurred
at lengths to about 160 cm. Therefore, females were considered to reach maturity at lengths
between 140 and 160 cm. Growth equations indicated age at maturity was 4 to 5 years old for males

and 5 to 6 years old for females.

Reproductive cycle was analyzed by seasonal changes of the gonadosomatic index [ GSI =
100x (ovary or testes weight) / (body weight) ] and total gonadosomatic index [ TGSI = 100x (total
gonad weight) / (body weight) ] for each sexes, and seasonal changes of diameter of maximum
ovarian ova in females. It is believed that mating and fertilization occur in early summer based on

these observations.
4) Biology of Pregrancy

Blue sharks are viviparous. The biology of pregrant blue sharks was described using the data
from 669 pregnant females and 14,282 embryos. It was observed that a litter of blue sharks ranged
from one to 62, averaging 25.6. The sex ratio of embryos in each female were 1:1 (p<0.05). The
correlation between pregnant female body length and litter size was not significant. Embryo body
lengths less than 10 cm were recorded in June and July in the equatorial areas. Embryo body
lengths had reached larger than 30 cm in the northern area by the following May and June. Thus,
it is concluded that conception occurs near equatorial waters. Following mating in lower latitudes,
the females migrate northward, and the young are born in the north areas, between about 30°-40°

N latitude, in the following year.
5) Migration
The migration of blue sharks in the north Pacific was examined by analyzing sex ratios in each

area, distribution of each sex, and length frequency data from 29,161 individuals. The chi-square

tests for sex ratio of each research area in the northern Pacific indicated significant differences in
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38 of 52 areas. Females dominate in waters adjacent to Japan throughout the year and in areas
near the subarctic boundary in summer. Males were dominant in waters south of the subarctic

boundary.

Analyses of CPUE calculated by sex, by 5°x 5° area, and by 50 cm length intervals show that
males and females less than 50 cm appeared in the narrow area between 35° to 45°N. Individuals
of both sexes with body length of 50 to 100 cm appeared in an overlapping, slightly wider area. In
the body length range of 100 to 150 cm (sub-adult stage), the males and females were segregated,
with females appearing mainly in the area between 40° and 50°N, and males between 30" and 40°N.
Sharks larger than 150 cm (adult stage) of both sexes appeared further south, however they were not

usually found in the same 5°x 5° areas.

On the basis of these observations, a schematic blue shark migration model was developed for
the north Pacific. Parturition occurs in early summer on the nursery ground located at 30° to 40°
N. Age 2 to 5 years old females generally move northward, while 2 to 4 year old males generally
move southward. Adults mainly occur from equatorial water to the south of the nursery area at
40°N. Mating occurs in early summer at the 20° to 30°N area, and pregnant females migrate to
parturition grounds by the next summer. The reason for sexual segregation of subadult sharks is
thought to be an adaptation for subadult females to avoid the danger associated with male mating
behavior (biting at females). Separation of the nursery ground from the adults habitat avoids
predation on pups by adult sharks. Also, it is reasonable that the parturition and nursery grounds

are located in the subarctic boundary where there is a large prey biomass for young sharks.
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Table 1-1 Research cruises from which data were used in the study.

Research Vessel Periods Area No. of Blue shark
name name Year Month Latitude  Longitude operations catch No.

Salmon gillnet research

Kanki-maru No. 58 1984 8-10 35 -45°N 146° -175°E 35 301
Oshoro-maru 1984 6-7 36° -55°N 180° -155"W 19 162
Hokusei-maru 1982-87 6-7 35" -50°N 155° -175°E 62 361
Sub total 116 824

Large mesh drift-net research
Shinyo-maru 1978-83 whole 20° -50°N 140°E-160"W 875 79,737

Sub total year 875 79037

Shark longline research

Hoyo-maru No. 77 1978-79 6 -2 35° -50°N 140°E-180° 152 2,798
Hoyo-maru No. 53 1979-82 Whole 25 -55°N 130°E-160'W 464 16,289
Sub total year 616 19,087

Tuna longline research

Hokusei-maru 1986 1 100 -20°N 160° -170°W 10 40
Etuzan-maru 1968-69 5-6 0" -10°N 150° -160"W 79 562
Iwate-maru 1968-71 1-7 0° -20°N 180° -140'W 328 1,023
Fukushima-maru 1967-69 5-10 40°S-10°N 140°E-150'W 238 590
Wakachiba-maru 1967-70 3-12 0° -20°N 160°E-150'W 173 1,412
Sounan-maru 1967 5= 5°S-5°N 180° -160'W 47 360
Wakatori-maru  1967-69 2 -10 20°S-10°N 140°E-160'W 186 474
Umisachi-maru  1967-70 1-12 10°S-10°N 140° -160"E 236 786
Ehime-maru 1967-68 5-1 0° -10°N 150°E-170°'W 56 168
Kanou-maru 1968-69 11-2 0° -10°N 140° -160°E 28 104
Miyako-maru 1968 10-12 0° -10°N 155" -165"E 35 101
Riasu-maru 1968-69 10-2 0° -10°N 160° -175°E 52 165
Genyou-maru 1968 6~ 1 10°S-0° 155" -165°E 33 46
Kagawa-maru 1968 9-10 20°S-10°N 150° -160°E 18 27
Wakashio-maru 1967 11-12 0° -10°N 130° -160"E 19 94
Sub total 1,538 5,952

Total 21 vessels 3,145 105,600
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1987, and by Oshoro-maru and No. 58 Kanki-maru in 1984.
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Fig. 1-2. Large mesh driftnet research stations held by R/V Shinyo-maru during 1978-1982.



152 b F M

140'E 160°E  180° 160'W 140°W

T JRRLRRE LRREN LELES LBRRRRIRRERIRARTI RSS! ﬁw T
. .
. .

.
ot
= R /’ . ‘O

LLRR!
s @&
uounon 4

@ = o]
-

o

o

‘e
NERR 4 {\

N

+

i N\
.
0‘.
.
o
£
Lo
Lipoasdaasaloens uullr'ﬁ’fl.nnlnnhlnlnn

ILIII1ITIII]’

° o %l e
hoe®
g °

4 0° N

IRRRER

ERAARNRARRRRRRY
%2
R o
s
.
Py
b e
.
!
e
..,X
P
.
o
o o Fo
o?
.
3
o
<
.
S
B
.

. oo

°
e %o

20°N

aee
csr

»
.
L o
.

ETT 1T

ciryd

1 ¥
TS TTTTE FETT FUTT! FUTT FYUYS ITUTY AUUTS FUR Y VYWY FUTRY FEUWI RUUTI RTETY FRUTE FVUTE SRS TUFRUTL TS FETYE N1 IUT
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R/V No. 53 Hoyo-maru during 1979-1981.
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Fig. 1-4. Tuna longline research stations held by 14 fishery high school training vessels during
1967-1971.
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FaEkly 5. FEBEAFE20S LILD b O 2 HER L 7z MITICf U 72 14E 0O AT O EMRd %
Table 1-1 2R L 72 AT 20°S~22°N, 130°E~137"W 12 £ 285, T H 2 (Fig. 1-4) . AT B
%<7 uiEBRE DR L R T 1855 AT D b D #3200~2408% (1,000~1,20089) fEH S 4L T
%, BEFAHA 1~ 20FEc T o v, 2~ 3RMEROO BB, 2B, FIEREEIZ50~150m
Ths,

(2)AEEHR
1) WEREE R

KEF LM, 7 AEMBIC L 2F/ECO LT, BEDHKRE R (EEKEEHEFHE > 5 —, 1980a,
1980b, 1980c, 1981, 1983a, 1983b, 1984, 1985, 1986) Z##&aT L 72,

X TAEARURATICE T 2IERTE S, EFEL T L O CPUE(L, 000 %7 D g
BE) 2RO ARERUM. T ALEES L O~ 7/ o EEHAR I RERESE» o BERESED S Y v
N4 D CPUE(1,000% Y72 0 A L 1,00080 472 D fERSH) % 1 ~3 B, 4~6 A, 7T~9A.
10~12H OIEEHBIC KD 72, £ FOBELCZ L OFEEH % AL HEHNIC Table1-2 2R ¥, -
FTHLME. KEFR L., A EEHFAE 20N UL TiTbh, RRABOBECENSG» S, BEHIC
BEEE., KPCREZEECITbN L, v/ niEMRATEIE AFEE2EB L T20N~20'S O TiTbhiz,
NS OBERMENTIC 572 > T FARREE O FH 2RO ICHEL 72,

i) PR BN et
S FTREATRLME,. KERULM., ~ 7 o L 2 fERCEI S - RAKREER* 3 v F
D A R EIE AR D FRITICHE U 72 (AL RKEZEHS, 1983~1986, 1988 ; #EHE/KEEHEA > ¥ —, 1980
c, 1983a, 1983b, 1985, 1986). * A ZEFBF AL IC BT A A L THIE & 72 & &, 50m B, 100m ED
AIBERZ T ¥ F ) A RIEAKROBITICH U - GBEKEERFS 2~ ¥ —, 1980a, 1980b, 1981,
1984)

Table 1-2  Numbers of sets by month and 10° latitude area by each research gear.

Latitude Gear type  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total

50°N - Gillnet 6 1 7
Longline 18 3 2 23
40° -50°N  Gillnet 3 54 122 90 89 86 36 4 484
Longline 8 4 6 22 52 63 49 33 23 20 18 298
30° -40°'N  Gillnet 56 5 2 33 78 80 33 2 9 9 38 94 439
Longline 15 10 23 12 15 6 5 15 19 51 38 209
20° -30°'N  Gillnet 25 30 1 3 5 64
Longline 9 19 5 3 33 6 75

100 -20°N  Gillnet
Longline 11 12 13 13 13 3 1 1 14 47 128

10°S-10°N  Gillnet
Longline 65 193 84 15 97 228 128 86 55 82 62 81 1,176
Gillnet 81 35 2 34 84 134 161 93 98 95 74 103 994
Longline 108 238 125 49 180 295 196 154 106 127 147 184 1,909
Total 189 273 127 83 264 429 357 247 204 222 221 287 2,903
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2. avF YLD H

(1) WPEY) ErEE K

1) REVLEHRAE

197845 5 19824 ¥ THIF/KEEIRFFE Y » 7 —BEML 72, L 205D B EFRMKEAEDREYE
BAHR B8 L VEEMK % Table1-3 1~ ¥, BBEK TR S EFMOEEFH Ty =4 Y 4 (Brama
japonica). € > F#H (Thunnus alalunga) HHEil L 2B TEAEDE0.9% % HEH TS, DLW TI ¥ F Y
W R T B4 H (Ommastrephes bartrami). 7 # (Katsuwonus pelamis) DIEE %> Twb, I ¥ F Y
Y RIZEHIETIE8.0% ThH o7, BEEMHM T IV FVFABRLE L, 5 EMOEH THEERED
21.3% % 5D, DWTY VA, B4, 2AXI WA (Lamna ditropis). 7H 4 71 DIBETH -7,

i) ¥ 2 HEAE A
19784Eh> 5 19814F & THRH/KERFRMF > ¥ — B ER L 72, S 0 G HEHEAAE O REY RBEGHRK
BIUEEMHERK%E Table1-4 IR T, VY AEBTIRI IV F Y F AR EEES L, 4EHEEHORE
BT EED54.9%., BEELLTH0.8% 2 H 07, RWTHRESNLDIFZA X I HF 2T, BEEET30.2%.
BEHTH.I%E D,

(2)3 ¥+ % % CPUE OKFSAA
)& 2T FAEMARLERAE
1984F ICdLEHL. BL x AL, HESEEALD 3 M2 FEMi L /- #2258 0 CPUE % Fig. 1-5 1% ¥, 4t
B, BL x AAOFAAER 6-8 FICEMS 4L, CPUE 1338 ~41'N 22 TORWIER TE» - 72, 8
SR EMNDAEIX 8-108 TH V. CPUE 13 2 5 12 JLEID43N fHEDFHE S TE L - 72,

i) KB LEFAE
19784251982 £ TOARBH LEAETIC L 2EE. RESED Y v FED CPUE(L, 0001 %D
EEH) % 3B Z L ORI Fig. 1-6 IR L7z, ¥ F VHF AIF26~48N K THES L, 7
Yy NED CPUE BAEZE U ~45N 0T TED» 572, 45°N LTk, 7~9 BB L U'10~12H
CARTEDBEN B - 7208, B{AlO¥EE I E L T CPUE (3 {E» 572, —FA. 35°'N LIEOEH TIRFEICT
222V CPUE IRIREIZE L 2 0 30N U CRAESRE S Nk h o727 ) v RBSHEHEL 72,
F 72, LR D30 ~45N 1222 1F Tld CPUE OF WiHE»A 370 517z,

iii) ¥ A IEAEFR A
1978 5 181FE F TIREM I NV A EBRAEOERE. BESBOZY vy FIZBF 23 v FYH X
@ CPUE(1,000854 b ¥R H) % WEHBIC Fig. 1-7 2R L7z, ARIZISN 257 5 A A BHND55°N
FC, EECTEAEEROLEHICH 2B TEE SN, CPUE 330 ~40°N 23 THE <, 40N
Db TR LEWIEA T 2 AR D 57z, 7272, KRB Y 7 — N —BOWETER. 135W LUK,
45°~50°N @ 27"V v F Tk, CPUE #346.5, 47.8&:& <. 30°~40°N O 7'V v NIZIEET 2E%2 R L 72

iv) ¥ 7 o fEiE R
19674E 2 51971 TOAFMRIC L 2~ /7 nEERECHIE S NI v F ) F RO T, BE. &
507w REICEFE L7 CPUE(L, 000894 1 #IE R ) £ M5 Fig. 1-8 I27r L7z, CPUE i&
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Table 1-3  Catch composition for large mesh driftnet research vessels during 1978-1982.

1978 1979 1980 1981 1982 Total
Species number weight (kg) number weight (kg) number weight (kg) number weight (kg) number weight (kg) number weight (kg)
Thresher shark 5 440 6 770 121,963 12 1,702 7 1,170 42 6,045
Blue shark 28,230 286,424 19,028 253,712 14,758 180,537 10,676 142,086 7,991 79,598 80,683 942,357
Mako shark 81 2,869 102 3,297 218 6,748 103 5,081 64 3,054 568 21,049
Salmon shark 5,250 123,174 1,557 45,673 2,708 86,335 683 27,135 1,471 47,792 11,669 330,109
Hammerhead shark 2 80 6 723 2 256 5 738 10 1,269 25 3,066
Opah 2 7 2 42 4 49
Pomfret 122,837 182,833 117,544 151,223 185,723 247,297 122,648 156,280 134,445 173,014 683,197 910,647
Yellow tail 597 3,820 403 2,384 1,102 5,745 547 2,132 260 1,077 2,909 15,158
Dolphin 890 3,635 2,202 9,157 3,092 12,792
Black marlin 4 550 3 751 1 200 8 1,410 15 1,918 31 4,829
Sail fish 163 2,298 34 486 197 2,784
Striped marlin 155 6,870 257 13,585 81 4,762 239 13,070 84 4,552 816 42,839
Sword fish 133, 11,277 174 16,210 234 25,332 176 14,498 71 5,623 788 72,940
Wahoo 44 571 11 157 55 728
Skipjack tuna 6,393 23,756 3,026 13,995 6,926 27,551 10,629 37,928 5,127 24,280 32,101 127,510
Albacore 16,341 108,610 34,365 204,256 29,318 180,285 34,344 201,278 15,412 90,700 129,780 785,129
Yellowfin tuna 23 163 22 339 29 744 32 1,064 36 440 142 2,750
Bigeye tuna 2 89 18 503 4 169 85 1,793 13 222 122 2,776
Bluefin tuna 1,759 10,410 685 5,993 360 4,767 54 1,382 405 2,972 3,263 25,524
Flying squid 4,610 9,439 15,231 29,059 10,805 26,956 12,487 41,467 8,961 25,138 52,094 132,059
others 166 839 714 4,351 1,073 6,180 542 1,946 527 2,040 3,022 15,356
Total 186,588 771,643 193,141 746,824 253,354 805,827 194,369 657,501 177,148 474,701 1,004,600 3,456,496

Table 1-4  Catch composition for shark longline research vessels during 1978-1981.

1978 1979 1980 1981 Total
Species number weight (kg) number weight (kg) number weight (kg) number weight (kg) number weight (kg)
Thresher shark 5 647 95 6,583 60 7,230
Blue shark 2,802 49,740 4,376 96,095 5,326 124,074 6,587 263,656 19,091 533,565
Mako shark 11 336 18 645 59 1,704 108 7,801 196 10,486
Salmon shark 3,682 172,301 3,513 17,815 3,196 172,450 117 4,241 10,508 366,807
Hammerhead shark 1 124 4 440 8 879 13 1,443
Dogfish shark 3 9 4 9 4 12 11 30
Opah 82 3,404 85 3,027 13 703 3 75 183 7,909
Pomfret 91 126 27 36 75 100 617 617 810 879
Dolphin 36 311 24 167 528 4,071 588 4,549
Shortbill sparfish 2 28 166 2,427 168 2,455
Striped marlin 12 457 8 352 577 17,988 597 18,797
Sword fish 56 6,396 156 10,201 126 8,502 289 17,398 627 42,497
Wahoo 1 21 5 74 100 1,504 106 1,599
Skipjack tuna 1 10 13 112 14 122
Albacore 5 46 T 907 54 1,020 630 13,803 766 15,776
Yellowfin tuna 8 382 243 11,027 251 11,409
Bigeye tuna 30 825 48 2,221 181 7,613 259 10,659
Bluefin tuna 6 921 2 86 8 607
others 9 38 185 3,489 176 1,788 160 8,670 530 13,985

Total 167 7,127 529 16,371 524 14,606 3,504 85,230 4,724 123,334
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Fig. 1-5. Blue shark CPUE (catch in numbers /1000 tan) at each salmonid survey station.

10~1281210~15N THEAE IR ICE WSS H 2 25, BELZHELEIED st o, &
CPUE O&E» 277 )y ROMEIZIL.5TH Y, Y AMMBTESNZ ) v FOREMET6. I HE L TF
L {Ed o7,

Y AEBAECHERAINBEL, A~ 7 0@ET [RB] LMPER TV D ERICTHS,
JoEMRECHAL-BE L OMESEHHOEEDATHL2DT, MEL2HDHLETS5EDTY v K
Z L ® CPUE %t L7z & 2 % (Fig. 1-9) . CPUE (330°~40°N O¥HR TR & & < . B0 REH I 5 1
TEEMIEL 2D, b2 omich I THRLZICEY L O EREZRL T,

(3)CPUE & ki & DBEf%R
)& - TFAEAW LML L OCKRER L #EHRAE
2 FTHAEARLEERERLAFAE TR > 17 CPUECKIRE 1°CZ £ D1,000 % D BEEE)
ERMAEAR L OBF%E Fig. 1-10 KR L7z, S0 THEMRM LM TIE. CPUE 1313~20°COHH T&
(. FIIECCHEISFCETELS LR L, RERLULM@AETIZ. I ¥+ ¥ AIREAIRIZ~22°CO
HHETHWES N, U~1TCoOHFE T CPUE #1504 £ RIS md o 72,

i) AEMHRES L U~ 7 o EERAE
A FEFRAE D EE, 50m B & U100m B /KR CPUE(KE 1°CZ £ D1,00085% D IERE) DR
FB LU~ 7 o EEORE AR & CPUE(F L) OBEIff % Fig. 1-11 KR L7z, ¥ AERBTRIIVFY Y
A X REKGGE 8 ~27°C % TIhW/AKRH P THE s h, REAKRLIT~24°COHPH T CPUE 2312 & 22 -
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Fig. 1-7.
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Fig. 1-11. The relationships between blue
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e at the surface, 50m, and 100m
depth in shark longline research,
and the relationship between
CPUE and surface temperature in
tuna longline research.
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Fro A IEMRTIEIC L 2 BT O I3 E £40~100m TH 2 28, EEAEHR S Tw A RIcEicHsn
TEABBEENDLDT, IV FVFAFIIOFEEBLIUVLUETHEINTWE EEZ 5015, 50m
BTiE, 3+ ) ¥ AFKER1~25°CE TOHPTHES L, 11~23°COHIF T CPUE 37 < . 100m &
TlE 0 ~25°CO&H T S, 11~19°CO&PAT CPUE A@E» - 72,

~ JUEEREETIE, TV F ) ARKRU~ICCOEMTEE S, CPUE BI4CrH/E LT
22~ 24°CIC T TEL L TAD, 26~28°COHATHURRE o7z, ¥ 7 UEBHFHE S ORI
26~28 COKBHICH > 72, ¥ 7 D IEFFEIC & 2 CPUE 13, ¥ A EMMIAEICHE L TEL B Db
BN TH o7,

3.% B

KERLUEREEIC L 2@EWZ. ~HVA, EVFH, IYFUFRA THAH, AVF, FXE
PRENERET, ABBEORRE» SFXFREEESTLEL S TWS, I ¥+ F L5 ERH
Zh7 BB TREMEK TS.0%, BEREILTHERELHL27.3% %2 EHD T, INoDERL S, A&
DHEENREBICB T 2 BRAEBRBOEYHET TR ELEEEEDTWE I LWHEZ 5,

FEF(1984) 1321 « s THAEARLEFARTCB T2 LPIOR Y ) 0BREEE»ERECRKD, 2
VY A NEEEEIR T11.1%. BITETI22.1% TH 3 Ly~ ZAMH (1953). Strasburg(1958) i3 L8
WCEAFBCLIVABNILFZESEE NS I L 2IEHL. £/, =855 198D & « $TH LA
2 FEE S HEFEALEE T, AEOLE SN 2EHEREL T 5,

P RAEBRET, AXIFADPAENRETHY . AEBBFAKORE AR I A2 FHNEL
TEHEFEN T3, LaL, ZORBICI2MEYH, 2o+ ) P ARG S EES L. BEMHEMA.
EEEARKFNFN54.9%.50.8%% 5D TW7z, 2D I 3, EREREOEIREE R 2 R EHFICIE -
TEZTH, AELPAERRERICE S AHL TR IEERL TS,

AHA6N I~ /o BB L 2AEBRE» o BESNLT AHED D b3 v F ) ¥ X3{EKKT
MTI%EEDTVRERELTWE, S5ICAN1984) 13, v 7 0EREEICE T 53 X EOREREEK
s~ o« 49 FEBRERKDI2.5%ICH:5 L LTWwD, FFEE» S MR TH 2 EEHEFRA
T 2T, BRROFEREYFITED S IV F ) FAQEEGRI—BIIE»oT, TDI LT, KiEHMNZ
DIRNTOEBBRIIBSTEBENRBEDO D LRSI LERL TS,

X THERBLUCARERLAZAVLHAE» S, LR FEDIS~45N O#FICB T, HEI
BRCIVFVSFAOHENEEDOS VA H L Z LB R o7, CPCUEDEWI Y v Rid 4
~ 6 BIZi335~40'N O#EFEICEH <, 7T~ 9 Biz» 3 T4 N (58 % Tt E L. 1281213 FHU35~40N
HHRICHET T2, =5(1981) 13, REHAKBOREL L I23 ¥ F ) 9 X 2 &0 EE T AEN TR
iz Tt Ed 3 2 & 2L, %72 Strasburg(1958) . &4 5 (1984) & AEAEHICEHILBEHL T8
0. ERICEEERERMDOECEHRET 2 L2 MEL T 5.

A EREFEIC L 5 CPUE OFE W27 U w Rid, 30~40°N o#RIc R L, &1« 2 THRAEHECKE
FLUMEAE CHERSNEBREI VERNTH 2, MLUEOREEE X 0~10m, ¥ 2 EEOHIFHEE T
40~100m THD . HEORENRE L2 ARORESICHRILVBDH Lo BohiERE2ER
L THETE 20,

I Y HF XD CPUE DEVEEKAE#IZ, ST -2 THERARLFTIZI6~18C. KEFHLMTTI
14~1TCTH o7z, TDU~IFCORER T, ALRFETIER b AKREDFE 9 AI240°~45°N, H b KW
3 A1230°~36°N (AT PG ICFESE T % (Dodimead et al, 1963), =T F Y ¥ X DERBRICH T 2 /Hx
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BEZ. ZoKBEIC—EL THEILICEBEL TWw b,

W+ A FEMBFAEIC L %5 CPUE i3, REKBIT~24COHEHTHEL. ZOKEHIREBRLEICL 2
CPUE O@WIBEROFEAICH72 2, L L, A EEFAEICB T 2., WEKFETH 250m BB X UF100m
BokiE s CPUE Lt 0BfE A2 &, N FN11~23°C, 11~19°CT CPUE »&E <. ZOKBEIIFL
#FHE T CPUE OB » o 7KR#E ISV, I e ORI, AEAEEKRROB CEEIOHEE TIZER
KEZFEL L LEORENRIEER TH o 724l & WL KB ICE 2 AR H L L 2R LTS

77Dﬁﬁﬁﬁ@CHEML%ﬁmﬂMmﬂﬂlowf%w%TTm@ﬁﬁwﬁﬁ@%<iZONN%
S DEHEHTITHbN T3, BEARH26~28COWFHRIZH %, ~ 2 wiEBFE D HEHEEIF50~150
m OEFEIZH D (TEA, 1974), KEKRIE, FEOERBKBERL 2 50,

Strasburg (1958) i, ZEFBDFISHERE & I ¥ F U A5 & OB o . AESILANEERIZE S8t
Zhh b I ermEL, BEKEOKREFEICLI VRS, EEKRFZ10~200CLHERIL TW 3, it
L#EDEBARIE, FLEOEEAZE(O~10m)725ATI Y F Y FANBESNLBIEDKE % ERE
WWRBL TWw3, UEORE, AEEIBEAOMAL D 3 RO/KRHFEICEFECOML T 5 LfEES
na,

E2E arFUTAoFRmEAER

1. e HE
AETIE, BIEcYEDATEEMR. S o kA% & R LR RER. BB
&bn%%ﬁwﬁ s, ALRKFECB T2 IV F ) FADER EHELETL T2,

(1) HAERES L UHERER

HARRS L CHERR RS T 272010, B—
BETRANFREMHE IS o N /5348ED —ED
RSPk & S59EMRD T0em Rif D4 B DK
HEEEZAMCE LD, ARE—FEREIL 7

(2)EEMEKD S A HEDHE
B-ETHlAN, S THREARLECLS
FEE., RERLEBL UV AEBTE NIV F
D AMERERL MEHET, 18MER S & BITICHE L 72,
KRV S BIREIRA E TR KRB, ¥ 2dH 50
BHEERERT1 cm AL THIE L 72, KEEFKHE  Fig. 2-1. Blue shark vertebrae stained with
Wk 7 e R EIRNC ARBSR 2 cm & L OE silver nitrate.
MRICESTL, T—F2HBICT 2720, 3SERILOBEBFEHAV, ZOZEEOREEE ST
CIERMEMR 2 R T % Cassie(1954) D Fik# A L 723 - HP(1987) o (KM 7o 7 Z 4
“PROGEAN .BAS” #{#/ L. D MR % H TIZ O RERIC IR L 72, MEREZ L2 OGN
BonlEERDE—N0no, MEOKRERHE L 72,
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Fig. 2-2. Monthly length frequency distributions of average blue shark embryo body length in
each litter (left white histograms, N is the number of pregnant females) and of young
blue shark body length less that 70 cm (right shadow, N is the number of measured).
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(3) BFEHEBER Z Ik EOHEE

198242 5 A4 519834 2 ADMRIC, & « T HMLUEAES L UKER LPAECHRES LI Y
F U A S HEMSCIERDO B 2 L . ERETEHOEAR L Ui, BHEF BRI O A
2 580-90FEH D) S 6 - TIEEZHELL., 70%7 V2 — VIS 2-3 7 ARMREEL 2, HEREL
YI0 B TEBE. BEHEEY TuRWLICEEL., von Kossa ORNEIRYL M THE L HAME O &
BEERZ L 72 (Fig. 2-1) o (Rt LACEA RN, Ul & B J o B D 4M& £ T O % Sl E
r L. EEREMENSBEDO~ A 70 x—5—(0.05mm) TEEZHE L THIEE L -7
HFHEFHAREE L AROBGRD & | SWREEEFOEER 2R 72, BRICER S 8@l
HABCERS N E XT3 720, REFEICERE L 72l RABER O MEAEE 2 HIE U7z, HEfRH
B & BARERRCEEE & O 2B LR O HERBI O BRI & L, & AN £ & O EEU KR % 5T
L7z E72. WRDERTDH 2089 0, BEEREORE2AREHKDE - 2o Ro 2 ICH T
F o, BRSO FEIME R R L 72,

4)EERER

EEMEDE— NICL3REDHT &, HEBNOBMC L VIEESREREZ L LI, I F S
AMEHORER 2ROz, WEROHREIC I, Walford O FEZEEE (1946) %5 L 7224k » FE (1988)
»7u 77 “BERTLEN.BAS” %ML /-,

2. % B

(1) HERERSB & UHAERE

HUERFER 2 E T 2 700 543RHAD —fE D Mg IR PR R & | 5S59ER D &K 70cm K D4 B DA RAE
ESmE ARNICKRD 72 (Fig. 2-2) . RIEOEEMHEOE—FiZ, 6 ~7 HUEBE s N LREVHEAS R
2 empLBECHTTREIL, 5~6 BICYRDERMMK L R L 7z, PARDERMERD E—F
. 5~7 BD40cm &£ 60cm FiTIZE— D& S5 UER» 5 | GRINEEE L BER L 2 -7, BBIE
HEEOE—FPHEDE—F EXHETL5~6 BEREEE» 2, 4 RIIBAE, 1AL b ERLE
SNTVLEVL, MEINLYEADR/NMEEMNIcm THZ Z s, ZhUESHAEROEELEZ 5

. BRAEEMERKTIE., 12~7T B ZOREDRESFES N TV S, £/, BAKRIEAERREIZ43cm TH

h. HERERSADR/IMER0em LEERAERScm OMICH 2 EE 2 5 b, REXOHEICH
W5 IYF)FROHEREE X UCHERRESR, BE» SHABITT 2EEMEK» ¥ L. 4H1
H. 36cm L REL 7, BB, FEMOMFI T4 A 1282 2BICmFR T2 MET 2 £ L7,

(2)EEAMEE D 5 A1 REDHEE

VY HA R D M A R AR B S @ O IEE AR 2 D Tk, ERBEO B L RA Tz, BEMEKIE. 1
HEr bz, 4 B»512A T, 30~40cm 2> 5180~200cm & 1FIZFE U Z A /Y — L Twizh, 1~3
ATlE. 80~220cm & ARE&FESKEAD HITE> Tz (Fig. 2-3, 2-4),

TFHBEOH TRIOICFERA L 7827 5 4 “PROGEAN.BAS” 3. 2> a—5— xRk L
27075 45THY, E—RFOMBRECEL TOHBEENPKEL, IvF ) FAORRICHET 2HH]
1% (Cailliet and Bedford, 1983 ; th#f, 1984 : H, 1984) # Mk T 5 Z LN TE Iz, &/ A7 v
S LAFHEL L EREBICNL THA ZRRTBLE LD ZOHEEERRL2 2 ENTE0T, #14 _RfHE
PUNE L 22 & O TEAMRONME % RE L 72,



M Z LIz Z R 5z € — F B & OIEERZE % HERIC Table 2-1 1277,

JERFHEICHFT S IV F ) F X DER L B

2-5), BEMDE— N IZMHEL &I,
R il oD A Eb X TS M S BARE T s b2 o 72,

(3) BB E AV REOHEE

ME123MEA, 14RO B HEB MR LEDORIEME I, B

RE L EMEHAERIEGERE AL SN, 72 Lee LR, X Lee HHEZH L

(N=319, r=0.990)

R(mm) =0.026-+0.055BL (cm)

A
all
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HETkD S
NERDOET— R IZEHEZE > TIEREML Tw s, Mife b 4 FA0E 1 UEH(1~3 B)UED
T— FIERICIIEINE 3. fiROBESHENEL kol

PUEHEARID € — R OB S X VIEEFEZERL. &€ — FOMEIGEST 2 X 5 #hiE s #0772 (Fig.
4 ~12H OHARIZ & < BT L Ttz s,

1~3 Hflick -

A3fHE AR (MEEA A) DEIEE 2 &€ T, AE
CEMEBMEEEE L OBIMR R T e RO 7o, OMERDOEE L B CBEBEREN 2P -T2
DT(EE :P>0.50, df=363, &= P>0.50, df=364), MEMEEAAIC L THEE L HEEEROBGE %
Ko7z (Fig. 2-6) o AR (BL) & BHEFHEAE LR (R) £ OBGRRZUT SRS,

BOeng»roTz,

Table 2-1 Median and standard deviation of Gaussian curves adapted to length frequency modes
of male and female blue sharks.
Female Apr.-Jun. Jul.-Sep. Oct.-Dec. Jan.-Mar.
Age (n=917) S. D (n=1119) S.D. (n=1037) S.D. (n=291) S.D.
0 42.04  38.10-46.00 50.92  43.80-58.04 53.90  50.14-57.64
1 70.04  62.80-77.28 70.14  65.32-74.98 72.98  65.20-80.76
2 90.14  82.16-98.12 90.26  82.96-97.56 89.90 82.82-96.98 94.00  91.04-96.96
3 107.76 100.34-115.20 108.10 100.78-115.42 109.88 101.80-117.96 112.20 109.88-115.20
4 127.94 120.16-135.72 127.98 120.08-135.88 135.10 125.64-144.56 127.34 123.78-130.82
5 144.06 138.12-150.00 145.78 141.10-150.48 152.32 147.98-156.68 144.04 137.70-150.38
6 158.10 155.40-160.80 160.00 154.00-165.98 165.84 162.04-169.66 158.10 154.00-162.22
7 166.06 162.56-169.54 178.86 168.18-189.52 169.06 163.94-174.20
8 177.96 173.60-182.34 187.42 180.68-194.16
Male Apr.-Jun. Jul.-Sep. Oct.-Dec. Jan.-Mar.
Age (n=1265) S.D. (n=1242) S.D. (n =956) S.D. (n=357) S. D
0 40.98 38.26-43.72  50.26 44.36-56.18  55.74  49.26-62.22
1 67.90 59.84-74.96  70.96 64.80-77.26  87.12  79.12-95.12
2 86.00 78.84-93.16  90.46  82.60-98.34 105.18  98.32-112.02 106.92 104.16-109.68
3 102.24 96.06-108.44 111.24 105.14-117.34 122.30 116.96-127.66 119.36 115.94-123.36
4 116.98 111.36-122.60 136.14 127.48-144.82 142.02 135.36-148.90 135.08 129.46-140.70
& 130.98 124.26-135.92 154.20 147.02-161.38 156.94 151.28-162.60 149.02 145.10-152.94
6 145.38 140.08-150.66 173.94 168.34-179.56 174.18 168.98-179.38 160.10 155.76-164.46
7 159.04 155.84-162.24 187.92 181.82-194.04 189.94 187.22-192.68 174.02 168.50-179.56
8 169.94 165.48-174.38 186.68 181.74-191.62
9 182.38 179.74-185.04 198.52 192.86-204.20
10 192.20 189.16-195.24
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Fig. 2-3. Quarterly length frequency distributions of female blue sharks and fitted Gaussian

curves.
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Fig. 2-5. Length frequency modes, standard deviations and adapted growth curves (hand
fitted) of blue shark by sex and quarter.
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Fig. 2-6. The relationship between blue shark body length and radius of vertebral centrum,
including embryos, for both sexes.
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Table 2-2  Average radius of each ring group and the calculated length at ring formation for
female and male blue sharks.
ring sample average ring radius(mm)
groups size I 1I 1 v \ VI Vil Vil X X
1 5 1.59 (female)
2 6 1.52 238
3 19 1.60 2.44 3.40
4 23 1.64 2.56 3451 4.52
5 24 1.61 247 3.37 4.29 5:32
6 21 1.47 2.41 3.46 4.33 5.42 6.61
7 10 1.67 2.84 3.39 4.58 5.81 6.54 7.54
8 10 1.46 2.47 3.54 4.32 5.47 6.59 7.52 8.43
9 4 1.68 2.66 3.70 4.16 5.45 6.31 7«35 8.26 9.10
10 1 1.98 2.48 2.98 4.78 5.49 6.68 7.47 8.03 9.40 10.73
average (mm) 1.62 2:572 3.42 4.43 5.49 6.55 7.47 8.24 9.25 10.73
caluculated length (cm) 29.0 45.4 61.7 80.0 99.4 118.5 135.3 149.3 167.7 194.6
1 7 1.79 (male)
2 15 1.48 2.48
3 18 1.78 2.56 3.569
4 17 1.56 2.36 3.40 4.52
5 27 1.2 2.41 3.48 4.36 54d3
6 18 1.64 2.57 3.41 4.51 5.59 6.48
7 8 1456 2.55 3.44 4. 35 5.63 6.61 7.71
8 19 1.62 2.39 3.44 4. 51 5.65 6.45 7.65 8.64
9 15 1.61 2.58 3.49 4.43 5.23 6.50 773 8.54 9.81
10 4 1.52 2.21 3:43 4.39 5.44 6.30 7.69 8.91 9.53 10.59
average (mm) 1.63 2.46 3.46 4.44 5.50 6.47 7.70 8.70 9.67 10.59

caluculated length(cm) 29.1 44.2 62.4 80.2 99.4 117.1 139.4 157.6 175.3 192.1
Female Male
200 2007 {
! - e
Vi VI
v v
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Fig. 2-7. Plots of body length at the time of ring formation and calculated growth curves.
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THER SR B TR L 7o d B R O MIEME % . MEHER, SREEANIC & & o BEGEE O FHE % K 72 (Table
2-2), BEREEOR R OFFEZIGIBL TB D, EEI L OIMBIOME L KE<ES RV, 1z,
BRI OBERE S . HITE L o MEMELO8R = TOEB TIIZIZE L 1o Te, REMOFEEFE L. KE—BHET
MR & OBRRL 5. WMEUBERROGRE2EARRE L L TRz, B 1WEEROTEERR T, #
T29.0cm., #T29.1lem TH V. B TIFFNFN194.6cm, 192.1cm TH o7z,

(4) ERBU R O T

BRI DTEERE A & URflss 14E 1#d £ O 2 2 RET T 2 20, MEBUOBER 2RO 1208, Bl
TREBHOHABLIELITHRHETH 572, /0. ROLERFOMEHBEERI cCiZod2EmkEL A
WA TERTE R o, TEMBOEREMRRKICASN L T — N &, EHERELEEL TH Tz
B ECHRTERBOREL 70y b LT, SETBEL 1512 L & 5 E2MET L7z (Fig. 2-7), 20X
0. MEREE B 1ERIZHAERDO 1 HIcEREN, 2WEIHEERD 6 ~7 AR Eh s tashiz,
SELIBTIE, TS #MERE 1 ~3 DLz SN, HTIHIMERS3. 7. 882 1~3
A. 4. 5. 6&®MBI~12B R ENI EEZONE, IO DR SHLE, BaU 1 F12 18
Elans £z N,

(5)3 v F V) HFADEERDHEE

FHROFERL S, 0~4 FOEHAICIT, LEMOE—FOME» S BREL >-REXFAL, 5F
PLE O & TR OHEE R E 2 O T EMEEHAROEROFE D fHr o #E LR EE2HA L T,
R D B R AR % HETE L /2 (Fig. 2-8), oD MER %2 I T IcxR 7,

I : Lt=243.3(1— e ~0:144 (t=(-0.849))
' Lt =289.T(1— g ~%2s wrtromaey)

KOOSNTHERD/ T A—F—13, ILFVFREOWTHEINLEBEOERERD ST X —5 —
123 < . Cailliet and Bedford (1983) 291 (1984) 7 & O HEFEME & LD FE R 135 & 7z (Table 2-3),

3.% £

RETIE, KEMBRERD 2 0GR a0 ERERKRORE 26, HEREEZ 4818, H
HRE£36cm ERE LTz, ¥ F )Y ARIBOHAERS & CHAERRIC DWW T, AH (1953) 134 AKF
BICB T 2RAE» > HAER 212~ 4 B, HAEKREIF0~35cm & LTw3, £/, Pratt(1979) i3 K
PEWCB T2 HAERE 3~7 A, HAEKE £235~4ecm(BXE) LH#EL Twb, KB TRE L 72 HER
4 A 18 HAEREem 3, HALZSDERRHEROE— N2 ofELLBRE D I<HEAL. ZHT
bbrEzZ 6Nz,

MERER]. TOHEARNIC RO - EEMEKIE. FERERL TWEH, ZOFE—RELEDI4~9AT
1Z. MR L B {RES80~100cm B & UM120~150cm D EFH THREMEE 1 E < &> T 3 (Fig. 2-3, 2-4), Al
EOREHEBEIFICHLETHRES L, BEOHEHR FICERTHE SN, TNEHEREDERE
ZFTwidLERaNns, i - BIF(1988) n|gE L - AOMFEE R E» o, HH SN KER
LBk E IR X, # B4 (118-250mm) 2> & B O R EFH80~100cm THRAW/EAT 5 &2 5
N2, -BEOREGMEIZ, ¥ A EREEOEREERT 2HF TH 3 LTSNz,
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300 . MALE : Lt=289.689(1-exp(-0.1290(t-(0.7560)))

FEMALE © Lt=243.324(1-exp(-0.1443(t-(-0.8489)))

260

Body Length (cm)

- Male

— Female

-2 [ 2 4 6 8 10 12 14 16

Age (Year)

Fig. 2-8. The von Bertalanffy growth curves of male and female blue shark based on length
frequency modes and age determination by vertebrae rings.

Table 2-3  Comparison of the parameters of growth curves from previous studies.

Authers Research Area  sex Lmax (cm) K to (yr)

Aasen (1966) North Atlantic Both 394.0 Total Length 0.133 —0.801
Stevens(1975) North Atlantic Both 423.0  Total Length 0.110 —1.035
Cailliet and Bedford (1983) Eastern Female 241.9 Total Length 0.251 —0.795
North Pacific = Male 295.3 0.175 —1.113

Tanka (1984) North Pacific = Female 256.1 Body Length 0.116 —1.306
Male 308.2 0.094 —0.993

this study North Pacific  Female 243.3 Body Length 0.144 —0.849
Male 289.7 0.129 —0.756

E72, W0~12R I3, COFS25HERL . BEDEREHFAL120~150cm D FE Lz h, 1~3 TR’
HET150~170cm, 1 T160~190cm DHEPHICH - 720 ZHIE. I DD FEFRIERHE HR & 72 2
72, BRI AMAL T2 AMOGBERRE KK L-ERTHE, CHODBEVLE—RFLIFINC. %
CORRE—FBFA SN, BERLNEVOFADE—NZ4~12F MBI CESIGED Z LA TE
2o ZOE—NE, BE-SEMOBEY? S bR—FERICHET2E—FThH 5 L ¥ S iz,

BHEOERMBE b TR EREMAROT— Pk, BRATIE., he2E kofuedime L —
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Bl £/, BEOHREE—NE B L {EFELL, LL, BBHAICE L EET—FOAMABEIITL .
FREHHLERL T2 eaon, LELEFROSESEE TS 57, LictioT, BEE—F25
HELLERER., BUERATEROERERZ (KDL TV EE 2 onz, —BICERHEKDOE—F
EEBOERFICTT 2103, FROERS L FRETHEROEL VDI R OLDBIERFSTH S
(H, 1956), B RHFGTHD . SRS EROSBIRECH 2700, LiIZ LMo ERE Tk
LAY THW S Tw 3 (Aasen, 1963 ; Pratt and Casey, 1983 ; Casey et al, 1985 ; Brander
and Palmer, 1985),

IREE CIXFRIZE &2 D 5 2 BHB S BT L Thh | BHEEHEZHV 2 ORI T
& % (Ishiyama, 1951 ; 43 14, 1951 ; Daiber, 1960 ; Holden and Meadews, 1962 . Ketchen,
1975 ; Stevens, 1975 ; Tanaka et al, 1978 ; HH, 19807 &), 3 ¥ F U ' X OHERICTERL & 115 K
B L QR —ERREROFIMERIEIL TH D SO RAIEL 2o 7z, BLETE. B0
BHRE U LETHER TS - 7o, BLORRR (HEEREE L RERECER L 0E) 2R, RO E
AR MES L 72t ERC L iCh ) —2 2R, BETE Lo, CORKEL LT, RESKICH
HRHRRICE 2R 235 2 A, BAE TORWMGRD P#EL WEOREER LT 5N 5,

BRE-FIZH TR O SIS 2R T2 & MM I HERTO 2 A, 528
BHEBERD THCEB NS LE 2 57z, Stevens(1975) & R IC EZTICHRE L 72 KELHEF HE(E
RN HEEBROBICHARS TE 2 AREE TR L T 5, MR TS 2L HEMEH 2\ 13
UMHEA8E T 2 SN o TE D WRUZEABE#EGIOREE2AVWA2 Ak, 787947
Dy EFEALTHRRBR T2 HE. XBE~X A 2707+ 74 F—OFERIC & D BRITRLL 2 ITT 5 Ak
7 kW MET & LT v 3 (Holden and Vince, 1973 ; Cailliet et al, 1986 ; Cailliet and Radtke,
1989), TS DME TIIMM DRI LATICH 2 LIE L T2, B IHLUBOHLTIZ, HED 8
MO IBAERR SR b10~2 A TOMICERENE Zens, B3R 1EIC 15K, £F
RSN E EEzZonl, EMOFE RIZIA. HOFEI&HIZ 7 A L MOBMBIZREHEEZ > T
WEH, INREERICE S EREHBESO P a ) HERESEL 254, ELBRECEROR
DEREOWIHNHEL Twb &2,

AEFFE RO - EMRIE. BEEOHETELN T I ARBEOREMBD /ST X —F — LIERIL TW
7z (Aasen, 1966 ; Stevens, 1975 ; Cailliet and Bedford, 1983 ; H 1, 1984), AfFZe TH & 4172 Mk
DERIVRAAEFE243.3cm £289.7Tcm IFREFED S HE SN TV 2 AEORALEcm ((FRICRE
L 7289.3cm : Bigelow and Schroeder, 1948) 75 & T#EIEAETH L EEZ 6N, TNETI Y
F )R DD TEREHEAE ORI &K D 72 R HFR I, SO B IO 2 < | i ER T
HBEPENTRP oI, BARE—FNZEHL 2B CHRL TH, 3WIULETIIBRBUEE 15 18
ThHHEEZDLDNHEYUTH S,

KRR CTH o N ERIRY & . ABOEMBR R I3 14cm 2> 529cm OEHTH 5 L RS sz,
L KFEPE T Stevens (1976) IZIFHAEH OB RN SAORE 2 2R TRem/F L #HEL T b, UL
KEVFERER (NMFS) 28, KAEFETITZ > T3 A BICET 2 EHERO T — 5 05, FEOERM
BREEIZEXETT.6cm 2 532.1cm £ TIELSH 2 Z L AME SN TH Y (Casey et al, 1989). AfFFE
FERTHZ2UUcm »529cm 1F I ¥ F VP AFEEEOKRE L L TRYRETHS I, o AEOKEIZ.
WEHERMMOICHRT 2O RBWEETH 2 2 X I A, 74 WX (Isurus oxyrinchus) THRE S
T W A, 10~15cm(H o1, 1980) 8 X 1'26~40cm (Pratt and Stillwell, 1981 ; Pratt and Casey,
1983) IZVEHI T 2B TH %, MEDKEMFE I KEXE . ERE THRENFE  iifE L c F <o
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EERMATEREN#Z DIWHE L, AEOKEMG T KEMES, REEAXIF X274 Ak
BLTRCLTHIAERAE TR SAPEHNTH 2,

E3IE IFYHTFADORB

1. e HE

(1) EPRlEEE

BI1ETHRNA, & 2I7HLA. KERLHE, ¥y AEHEBEEEFCES NI Y P X EWHIE
ERERITCH L, ARRAECDE>TE Y. £YHEEB R, AR, (RE. K5, HifEZ. £
TERREE S, WMATEMREE. TR, TEROER, MROE R, JRNREAIR., FEIRE. IHRRE.
P RsIE . IR OE M T H 2, FAELAL % Fig. 3-1 107 L7z, MEBIOHIE B# %+ A RN #£3 L Table
3-1IERT . NS ERIZEEKEGERRE Y v ¥ —OREFHO—BL LTNESNE LD L BE,
INSHEO—EICEML THRAZDO, H5VIEREREL ., IEECTHE-FAEL EEE T,
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Fig. 3-1. Blue shark reproductive organs (drawing from Pratt 1979).
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Table 3-1  Biological measurements taken and number of blue shark measured during 1978-1987.

Jun. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total

Body length (cm)
Female 171 155 174 51 381 526 327 362 605 338 407 299 3,796
Male 534 330 255 226 792 409 312 218 807 405 506 229 5,023
Body weight (kg)

Female 129 106 59 44 196 382 252 361 583 336 407 712 3,567
Male 244 115 38 183 278 214 265 217 779 405 463 224 3,425
Liver weight (g)
Female 31 2 65 79 b7 17 6 257
Male 136 20 56 77 82 21 5 11 408
Gonad weight (g)
Female 78 70 58 28 54 79 84 187 167 97 135 101 1,138
Male 201 153 101 15 130 87 95 98 169 134 183 77 1,443
Total gonad weight (g)
Female 87 101 53 42 175 272 173 303 392 228 272 273 2,371
Male 66 92 17 180 275 137 187 136 195 221 331 183 2,020
Male
Clusper length (mm) 165 150 96 16 131 84 102 101 183 138 78 68 1,312
Sperm 178 108 13 169 267 145 52 72 93 126 173 99 1,495
Female

Maximum egg

diameter (mm) 65 61 50 25 55 70 76 157 150 69 95 98 971
Shell gland

length (mm) 66 61 49 27 43 82 69 158 152 83 8 83 959

width (mm) 66 61 49 27 43 82 68 186 152 81 86 84 985
Uterus width (mm) 69 61 50 27 44 80 38 61 141 83 122 100 876
Pregnancy 143 144 167 30 77 77 85 158 154 86 162 123 1,406
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Fig. 3-3. Relationship between blue shark Fig. 3-4. Means and standard deviations of
body length and Liver weight. Dia- hepatosomatic indices in each
monds indicate pregnant females. 10cm length class for male and

female blue sharks.
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