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Shrinkage of fish body length by rigor mortis

Masashi NATSUME -

In tag - recapture data, it is common for fish to show negative growth increments. The exact reason for

this apparent shrinkage is uncertain. It was noted that rigor mortis contracts the muscle of fish body.

So I think that rigor mortis is one of the reason for the shrinkage.

In order to inspect the hypothesis, rigor mortis progress was compared with the change of body length

of arabesque greenling ranged from 28 to 32 em in body length during storage at0 ‘C, 5°C, and 10°C in groups

of nine.

Regardless of storage temperature, they attained the full - rigor state after 10 h and the beginning of

resolution in rigor about 20 h.

In the process of death, body length had little change.

But in every storage, body length shrunk and

extended with progress and resolution of rigor mortis. The maximum shrinkage of body length was 11 mm,
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Fig.1. The measurement of rifor index of fish.

Rt:rigor index.

Lo:a sag value measured immediatrly

after killing.

Lt:a a sag value at a certain time(t)

durinmg storage.
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Fig.2. Body length distribution of arabesque greenling measured at death.

Table 1. Changes of body length and body weight of arabesque greenling

during storage at several temperature.

Storage =  Sample

Body length ( mm)

Body Weight(g)

temperature  No. Alve Death % Min, %  Death Finish
(A) (D) DA (D-A/D (M) DM (D-MD (D) (F) F-D
1 297 297 0 0.00 293 —4 -1.35 423 423 0
i B 9 303 303 0 000 297 -6 -1.98 452 454 9
3 308 305 -3 -0.98 299 -6 —1.97 481 490 9
4 291 287 4 -1.39 280 ~7 —2.44 463 472 9
5 294 294 0 0.00 287 —7 -2.38 411 419 8
6 300 300 0 000 291 9 -3.00 412 417 5
7 293 295 2 068 286 —9 -3.05 441 446 5
8 303 302 -1 -0.33 297 -5 -1.66 519 52 7
9 317 317 0 000 309 8 -252 610 616 6
) 10 304 304 0 000 300 4 -1.32 471 464 =7
5C 11 289 288 -1 -035 282 -6 -2.08 394 389 =
12 301 299 -2 —0.67 292 7 -2.34 47 440 -7
13 311 310 -1 -0.32 302 8 -258 535 5% -9
. 14 298 296 -2 -0.68 285 -11 -3.72 420 413 ~7
15 317 318 1 031 313 -5 —-1.57 584 575 -9
16 306 308 2 065 300 -8 -260 505 498 =,
17 315 318 3 094 307 -11 -346 553 545 -8
18 289 292 3 1.03 282 —10 —-3.42 437 430 =,
19 303 302 1 -0.33 293 —9 -298 448 439 -9
10°C 20 300 302 2 066 292 —10 -3.31 455 447 -8
21 319 318 -1 -031 312 -6 -1.89 579 565 —14
22 308 308 0 000 207 -11 -357 570 561 -9
23 305 303 -2 —0.66 298 -5 -1.65 522 514 -8
24 294 299 5 1.67 289 —10 -3.34 422 413 -9
25 322 321 -1 -031 314 7 -2.18 577 569 -8
2 302 303 1 033 29 -8 -2.64 423 413 -10
27 297 299 2 067 292 -7 -2.34 43 432 -11
Max. 322 321 5 1.67 314 —4 -1.32 610 616 9
Min. 289 9287 -4 -1.39 280 -11 -3.72 394 389 —14
Ave. 303.2 3033 0.07 0.02 2957 -7.56 -2.49 481.4 477.6 -3.74
S.D. 90 90 196 066 93 208 069 627 618 7.03

*0°C:constan temperature chamber storane. 5°C:cold storage, 10°C:iced storage
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Fig.4. The contrast of changes between rigor index (Rt) and shrinkage
index(St)of arabesqge greenling during storage at various temperatures.
Top:iced storage(0°C), middle:cold storage(5°C), bottom:constant
temperature chamber storage (10°C)
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Migration of arabesque greenling, Pleurogrammus azonus,

from Okushiri Island in Hokkaido.
Masashi NATSUME *

In order to study their migration, arabesque greenling, Pleurogrammus azonus, were tagged and
released along the southern end of Okushiri Island, Hokkaido in October 1992 and 1993,

As of February 1995, 24 released fish were recaptured. Eleven fish were caught in the neighboring sea
of Okushiri Island, and eleven fish were caught around the south coast of Hokkaido, and the remaining
two were caught around Aomori. Based on these results, as well as results from the other migration
study, it appears that the arabesque greenling population near Okushiri Island are part of the stock off
the southern coast of Hokkaido and not independent from that population as previously believed.

It seemed that newly mature arabesque greenling, estimated at mainly one year old, inhabit the south-

ern end of Okushiri Island, where they spawn and then migrate to the southern coast of Hokkaido and

northern coast of Honshyu. After that migration they probably do not return to Okushiri Island.
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Fig.1. Major areas referred to in this study.
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multiple recapture informations for arabesque greenling released in October

13—14,1992.
No. Date Recapture Gear Body length (mm) Days after
position At released At recaptured released

L Oct . 19,1992 nearr. p. set net 311 305 5

2 Oct . 21,1992  off Inaho set net 269 270 7

3 Oct . 29,1992 nearr. p. set net 291 290 15

4 Nov. 12,1992 nearr. p. set net 263 260 29

bl Feb. 2,1993 nearr. p. gill net 288 290 111

6 Feb. 16,1993 nearr. p. gill net 289 270 125

7 Mar. 3,1993 nearr. p. gill net 288 280 140

8 Apr. 12,1993 nearr. p. gill net 281 33 (w:TL) 180

9 Apr. 17,1993  off Raide set net 276 280 185
10 May 18,1993 nearr. p. gill net 279 28 (cm) 216
11 Mar. 14,1994  off Shiranuka fishing 297 - 516
12 May 13,1994 off Kamoenai set net 258 28.5 (cm) 576
13 Jun. 20,1994 off Iwanai gill net 282 340 614

» r.p.:released point

Table 2. Summary of multiple recapture informations for arabesque greenling released in October 14,1993,

No. Date Recapture Gear Body length (m)  Days after
position At recaptured released
1 Jan. 14,1994 nearr. p. gill net 312 92
2 Apr. 15,1994 off Hakodate set net = 183
3 Apr. 19,1994 near r. p. set net 280 187
4 Apr. 19,1994 off Otose set net 271 187
5 Apr. 28,1994 off Shiriuchi set net 283 196
6 Apr. 28,1994 off Shiriuchi set net 276 196
7 May 2,1994 off Esashi set net 320 200
8 May 16,1994 off Osatsube set net 32 (cm) 214
9 May 30,1994 off Esashi long line 300 228
10 Jun. 29,1994 off Shimamaki gill net 31 (em) 258
11 Jan. 29,1995 off Kumaishi set net 31 (cm) 472

« r.p.:released point
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Fig.2. Tagging location(sk] and recapture sites of arabesque greenling.
Circles and arabic numerals show the recapture positions
and the durations on month from release to recapture.
Closed circles were released in October 1992
Open circles were released in October 1993
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Movements of Tagged Cresthead flounder Pleuronectes schrenki
off Northeastern Hokkaido, Japan

Shin—ichi YOKOYAMA*! and Nobukatsu SHIMOY AMA*2

A total of 2,499 cresthead flounders caught in the Sea of Okhotsk off the Tokoro and Rusha were tagged
and released in the same area and ia the Saroma Lake in 1963—-1965 and 1992, A hundred and two of 454
fish were recaptured in the Sea of Japan. Results of recaptures indicate that immature fish stay in the
Sea of Okhotsk along the coast and mature fish return to the Sea of Japan for spawning.

A total of 2,678 fish were tagged and released in Notoro Lake and, in Saroma Lake and its adjacent area
between 1989 and 1992. The majority of 305 recaptures were made in the tagging areas. The distribution

and mixture of Sea of Okhotsk — northern Sea of Japan stock, Notoro Lake stock, and Saroma Lake stock

is discussed by tag returns.
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Fig. 1. Map showing all the release sites (open circles) for tagged cresthead flounder off northeastern
Hokkaido in 1963—1965,1990 and 1992.

Table 1. Release and recapture data for tagged flounders released off Tokoro and Rusha. Figures in

parentheses are percentage of recaptures.

Body length (mm) of No. of recaptures .
released flounders
Area Released date No.of tags  Min. Max. Mean Sea of Sea of Total
released Okhotsk Japan
Tokoro  Aug. 1,1963 100 123 276 166.1 12(12. 0) 1 1.0) 13(13.0)
Tokoro  Sep. 15,1963 199 130 281 209.9 29(14.6)  20(10.1)  49(24.6)
Tokoro  June 2,1964 90 160 322 196.1 22(24. 4) 1€ 1.1) 23(25.5)
Tokoro  June 3,1964 160 127 295 198.8 40(25.0) 10C 6.3) 50(31.3)
Tokoro  July 21,1964 140 135 264 215.7 16(11.4) 70500 23(16.4)
Tokoro  Sep. 4,1964 250 169 326 230.9 20C 8,00 10C 4.0) 30(12.0)
Tokoro  June 8,1965 162 110 293 186.6 42(25.9) 4( 2.5)  46(28.4)
Tokoro  June 9,1965 137 125 300 232.6 39(28.5)  3( 2.2) 42(30.7
Tokoro  July 20,1965 216 148 339 232.6 29(13.4) 12( 5.6) 41(19.0)
Tokoro  Sep. 10,1965 297 119 333 230.0 29( 9.8) 21(7.1) 50(16.8)
Rusha July 18,1964 205 123 313 207.5 9( 4. 4) 20 1.0) 11 5.4)
Rusha July 18,1965 225 137 310 223.6 24(10. 7 9C 4.0) 33(14.7)

Total 2,181 311(14.3) 100C 4.6) 411(18.8)
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Table 2. Release and recapture data for tagged flounders released in Saroma Lake. Figures in paren-

theses are percentage of recaptures.

Total length(mm )of

No.of recaptures

released flounders

Released date No.of tags  Min. Max. Mean Saroma Notoro  Sea of Total
released Lake Lake  Okhotsk
July 17-Sep.27,1989 378 120 272 186. 2 24(6.3) 0C O 1€0.3) 25(6. 6)
Sep.25—26,1990 125 133 258 204.7 5(4.00 1(0.8)  2(1.6) 8(6. 4)
July 19-Sep.18,1991 216 130 275 195. 6 9(4.2) 0C O 1(0.5)  10(4.6)
Total 719 38(5.3)  1€0. D 4(0.6)  43(6.0)

Table 3. Release and recapture data for tagged flounders released in Saroma Lake and Sea of Okhotsk

on August 26-27,1992. Figures in parentheses are percentage of recaptures.

Body length (mm) of

No.of recaptures

released flounders

Native area of Released No.oftags Min. Max. Mean Saroma Sea of Sea of Total
released fish area released Lake Okhotsk Japan
Sea of  Saroma Lake 318 124 294 235.3 8(2.5) 160 5.0) 2(0.6) 26( 8.2)
Okhotsk
Saroma Lake  Sea of 315 110 280 167. 8 2(0.6) 39012.4) 0C 0 41(13.0)
Okhotsk
Saroma Lake Saroma Lake 785 118 258 170.4 39(5.00  0C 0) 0C 00 39C 50
Total 1,418 49(3.5) 55( 3.9 2(0.1) 108( 7.6)
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Table 4. Release and recapture data for tagged flounders released in Notoro Lake on October 29—-30,1990.

Figures in parentheses are percentage of recaptures.

Total length(mm )of
released flounders

Released area No.of tags Min. Max. Mean No.of recaptures
released
Notoro 353 112 364 221.2 88(24. 9)
Ubaranai 506 130 384 217.3 94(18. 6)
Total 859 182(21. 2)
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Fig. 2. Release (open circles) and recapture (solid circles) sites for tagged flounders released off Tokoro
on August 1 and September 15, 1963 (A), June 2-3, July 21, and September 4, 1964 (B), and June

19

8-9, July 20, and September 10, 1965 (C). The broken line with mmbers indicates mnber of recap-

tures near the release sites. Months in rectangles represent recapture month.
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Body length (wm)
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Days after release
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[=+=-Cape Notoro-Yubstsu -- «--Yubetsu-Wakkana: —— Sea of Japan|

Fig. 3. Mean body length (mm) and standard
deviation of recaptures released off Tokoro
between 1963 and 1965. Vertical bars with
figure indicate standard deviations and

number of individuals.
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Fig. 4. Release (open circles) and recapture (solid circles) sites for tagged flounders released off Rusha
on July 18, 1964 (A) and July 18, 1965 (B). Months in rectangles represent recapture month.
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Hokkaido

Fig. 5. Release (open circles) and recapture (solid circles) sites with straight line for tagged flounders
caught off Tokoro and released in Saroma Lake on August 26—27, 1992. Figures indicate days

after release.

Sea of Okhotsk

k]

Saroma lee/

<N

Fig. 6. Release (open circles) and recapture (solid circles) sites with straight line for tagged flounders
caught in Saroma Lake and released in Saroma Lake (B) and the adjacent area (A) on August
26-27, 1992. Figures and that in parentheses indicate days after release and number of recaptures

at the same site respectively. Recapture sites with open circle in Notoro Lake are unclear.
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Oct., 1990 - Mar., 1991
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Apr. - May, 1991

Release
Oct. 30, 1980
Recapture

Apr. - May, 1991

Fig. 7. Release (open circles) and recapture (solid circles) sites for tagged flounders released in Notoro

E3

Lake on October 29-30, 1990.
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Migration of adult Pacific cod, Gadus macrocephalus,
from Kikonai Bay, southern Hokkaido, Japan.

Chiaki FUJISAWA*! and Masashi NATSUME*?

Adult Pacific cod, Gadus macrocephalus, were tagged and released to examine their migration from

a spawning area in Kikonai Bay, Hokkaido, during the winter season from 1987 to 1993,

The majority of released cod were recaptured from the Pacific Ocean, between Tsugaru Strait, around

the release position, and the eastern side of Hokkaido. A few Pacific cod were recaptured from the Sea of

Japan.

Seasonal transition of the recaptured positions suggests that Pacific cod migrate to the eastern side

of Hokkaido after more than one hundred days from release at Kikonai Bay, and return to the bay during

the following spawning season.

It is unlikely that Pacific cod from Kikonai Bay migrate to Mutsu Bay for spawning. It appears that

they spawn in the sea area off of the set net fishing grounds near Kikonai Bay, shortly after the end of

January.
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THHAETTRBEIZAMS 1 Bz, FICEPERIO=
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ZIT HAETTRAGTHNBIKRELc<Y 7DED
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WXES  A251 (199549 AlLHZH)

* 1 FERMEAKEREATE S5 8 ( Muroran Fisheries Extension Office, Hunami, Muroran, Hokkaido 051, Japan )
* 2 dbidE T EEEKEF R ( Hokkaido Hakodate Fisheries Experimental Station, Yunokawa, Hakodate, Hokkaido

042, Japan)
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7z (Table 1), MKififaid, EB@ECRELI-<¥5%
ERKHT I ~2HER Lchh D, BEHNEL, BFo
TWISWEEE MR L7, iRz EIREio @& iR
ET S0, WHONARLN S, MilkEEBEbh s
Bk Z R L, M2k E (Fick-T
FeEHZVIIEEDA) RAER, HHicS52AF v
254 A OBEBEABE ——LF 2 —TTEELL:
(Fig.1). #I5E, BHEEHFRICY - THBREZEHLY
hote, BREBRE S ICEKOFABINEL, &
BB S 2 ~5 Skmh & DK T, KFEIOMLIRICEHE

HEEhTLwi2EREABOMASTHICHKE LK (Fig. 2,
Table 1 ). ik LB TEREKTELVEERIE
BIHNAEL, kiR Lsh -1,

Bl OKEB LUREOMERR, FiokiBFxhi
SREBRE A TIHDN ., AROAIERIELE LW
o Lo S A RS REcEA L, BS.
BILEA»SR, BEALZOWMEBAKTHRE XN,
LinL, #Ehgithd S O T — &R O E AL HER
TERLWHLORH Y, hoRBHEEFDO2ENSEEL
T, TXTLEMETH S Ll L1, FHEEEOIE
B LU E PR R AKE RS R TiT- 7.

AHWETIE 198TEN 519934 3 AR H F TOHMR
SEEEIT L1,

Table 1. Number of cod tagged in Kikonai Bay and recaptured cod .

(Q)

<

oy

White vinyl tube

Fig.1. The position of tag attached to the body of cod.

Date Location Distance from Depth Number of Number of Recapture
shore(m) tagged cod recaptured cod rate (%)
Jan.12,1987 Off Shiriuti 4,000 25 30 4 (13.3)
Jan.14,1988 Off Shiriuti 2,000 = 23 5 (21.7)
Jan.11,1989 Off Shiriuti 4,500 30 43 9 (20.9)
Jan.10,1990 Off Kikonai 3,600 38 30 6 (20.0)
Jan.11,1990 Off Shiriuti 4,500 30 45 8 (17.8)
Jan.10,1991 Off Kikonai 4,000 = 24 4 (16.7)
Jan.11,1991 Off Shiriuti 2,000 = 35 13 (37.1)
Jan.10,1992 Off Kikonai 5,500 - 25 2 (8.0)
Jan.11,1992 Off Shiriuti 4,500 30 38 7 (18.4)
Jan.11,1993 Off Shiriuti 5,000 = 30 8 (26.7)
323 66! (22.3)**
+1 Included the three cod recapture date unknown
»2 Included the six cod release date unknwon
Plastics disk
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Fig.2. Locations of the release positions of cod and bottom contours around the Tsugaru Strait.

Stars indicate release positions:off Shiriuchi [¥) ,off Kikonai (¥] .
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& R

RE AR, FH R UEHTIck - T23~45M@F & R
1 BHY, 19874 5 19935 F TIzRaT323 M A = ik
mL, TefEENHEE S (Table 1). BHEFEHR
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EEEAE Lo E S SKER AEABB LY
ZORETI, $NTEREE EEBEETII~40m, H
DT, M, —AE9DSEARTI00~200m, EWE
AN HERTE, i LA L & EEETI5S~300m Ol
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20~T6H, HEEME I3 E A 3 Eik & 3198 A 1{E

— Days from release — L

to recapture around
Kikonai Bay.
1day=4 (——/
2day=6
3day=5
4day=3 \

bday=2
6day=3

7day=2
8day=3
9day=4
370day=1

374day=1
un. =3

Total =37

o4 un. =1

— Days from release to —
recapture around Esan

4day=1
20day=1
21day=3
22day=1
24day=2
29day=2
36day=1
43day=1
44day=1
62day=1
114day=1
157day=1
337day=1

Total =18

Fig.3. Recapture positions of cod from January 1987 to March 1993. Arabic numerals show the number

of days after release.

un. =recapture date unknown
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Fig.4. The relationship between the days from
releaseto catch and the migrating distance
of cod.

Positive distance indicates migration in the
direction of the Pacific Ocean and negative
distance indicates migration in the direction

of the Sea of Japan.
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Distribution of walleye pollock,Theragra chalcogramma,

larvae and juveniles off the northern coast of Hokkaido

Masashi NATSUME*! and Masayoshi SASAKI*2

The distribution of larvae and juveniles of walleye pollock off the northern coast of Hokkaido were

observed to understand their transport from the Sea of Japan to the Okhotsk Sea.

In both seas, the larvae and juveniles were concentrated in the coastal region, especially in the Okhotsk

Sea, where they mainly distributed in the Souya Warm Current.

The size and proportion of frequency distribution of the total length of larvae and juveniles are differe

nt from year to year. But the proportion in both seas, is similar in same year. The spawning season in
the Okhotsk Sea and the neighboring waters, except for the Sea of Japan, is after the middle of March.

Consequently, it seems reasonable to suppose that the larvae and juveniles distributed in the Okhotsk

Sea on April were transported from the Sea of Japan by the Souya Warm Current.
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Studies on the reproductive biology and artificial juvenile
production of kurosoi Sebastes schlegeli

(Hilgendrof)

Muneharu KUSAKARI

The manufacturing process and techniques on
the artificial mass production of juveniles of
kurosoi, Sebastes schlegeli, were examined based
on studies of the reproductive biology relating to
the fecundity, gestation period and parturient

period of gestating females, the embryonic
development, and the feeding growth and mortality
of newborn larvae. This studies were carried out
with material fish collected from nearshore waters
around southern Hokkaido from 1973 to 1985, at
Hokkaido Institute of Mariculture, Shikabe. The
results obtained are summarized as follows:

(1) The copulatory organ of adult males of
Sebastes schlegeli in mating season exhibited a
hypertorophic change, with the tip slightly tinted
dark-red from ordinary whitish pink. Garavid
females showed the protuberant anal part, genital
pore and urogenital papilla which become conspic-
uous with development of intraovarian embryos.
Brilliant purple-blue eyes of embryos can be seen
through the skin around the anus and the urogenital
papilla in pre-parturient females.

(2) The periods of mating and gestation were
estimated to be December to January and May to
June, respectively, from the highest values of the

gonad indices of males and females. The maturation

of ovarian eggs were observed to proceed synchro-
nously, so that a female seemed to spawn once
during the reproductive season. There was a defi-
nite correlation between the ovary weight and the
total length in females at different stages of matu-
ration and gestation. This was comfirmed to be
based on an increase of the number of intraovarian
eggs with the fish size. The number of intraovarian
embryos in the gestating period tended to decrease
as compared with the number of eggs in the
maturation period.

(3) Color of the ovary in the gestation period
changed gradually from vellow in the early stage
(st. 1-15) of the embryonic development, to bright
grayish green in the middle stage (st. 16-24) , and
sap-green in the late stage (st.25-31) , reflecting
the pigmentation of embryos. The embryonic
development of Sebastes schlegeli was described
in 33 stages, taking mature unfertilized ovum as
stage | and the newborn larvaes stage 33, following
the criteria in the oviparous egg development.

The time course of development up to birth at
different temperatures was adjusted to that at 9, 8 °C
using the Arrhenius equation and processed for the
relationship between the stage number (X) and
stage-to-birth time in days(Y) .

WYES A253 (1995508 1 HZME)

+ 1 ARITERSE 3 Al IR L AR TH S,

« 2 dbiE TNk ER RIS
Japan)

(Hokkaido Wakkanai Fisheries Experimental Station, Horai, Wakkanai, Hokkaido, 097,
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An equation,

Y=-0. 001425X*+48. 0028(r=—0. 979)
was obtained, and the gestation period was calcu-
lated to be 48 days at 9, 8°C.

(4) The parturition usually occurred 22:00 to 0:00,
liberating the entire brood usually within 1.5 hours
in two or three times. Whenever the parturition
occurred, the mother fish displayed a behavior,
fanning action of the pectoral fins, to disperse laid
embryos enveloped in a gelatinous mass. The
fanning action was of primary importance for
survival of the newborn embryos, because the
embryos deposited in a mass on the bottom can
not survive without being dispersed by this action.

It was suggested that mother fish not displaying
the fanning action were either stressed by careless
handlings at sampling and transportation or by
fasting for a long time. Therefore, it was suggested
that caution must be taken in handling mother fish
to avoid excessive stress.

Parturition could be induced when a mother fish
having embryos ready to birth was kept at a tem-
perature raised two or three degrees. The partu-
rition occurred in a temperature range 8-18°C with
the optimum estimated to be 15°C.

(5) The newborn larvae measured about 6. 3mm in
total length. The yolk-sak had been absorbed before
birth.

rheotaxis, and actively fed rotifers and Artemia

They exhibited positive phototaxis and

nauplii in a few hours after hatch.

Morphological changes, behaviors and feeding
habits of larvae and juveniles were observed by
rearing them up to about one and a half years after
birth. On the basis of the observations, the early
life of Sebastes schlegeli was divided into four
stages; the larval to about 12mm TL. , the juvenile
to 50mm TL. , the young to 200mm TL., and the
immature to initial maturation.

(6) For better growth and survival of newborn
larvae, the rearing water temperature maintained
not lower than the level at parturition, and sufficient
food organisms prepared not later than the time
of birth, were shown to be important.

A suggested feeding schedule up to 25mm juveniles
from 6, 3mm newborn larvae was; rotifers Brachi-
onus plicatilis for up to 7. 8mm, brineshrimp Artemia

salina nauplii for 6, 8-18mm, pollack Theragra chal-
cogramma eggs for 15-25mm, and mysid shrimp
Neomysis sp. for 20-25mm. Pollack eggs were
confirmed to be good diet for 15mm fish.

(T) The relationship between the density and
survivorship was indistinct, from the results of
rearing experiments in a range of 5, 000-420, 000
newborn larvae K17',

To raise 25mm juveniles from newborn larvae
under rearing conditions in the density range at
water temperature 15-18°C and the feeding schedule
stated above, it took about fifty days with a survival
rate appro. 26%.

(8) The general aspect of mortality observed
during the rearing period from larvae to 25mm
juveniles was characterized by: the initial decrease
of newborn larvae at the time of birth by unknown
cause, a vast number of deaths of larvae with
extraordinary blackish body color within 10-14 days
after birth, deaths in the post-larval stage by the
intestinal catarrh caused by overfeeding of brine
shrimp nauplii and the infection of unidentified
ectoparasitic ciliates, and a gradual decrease of
fish exhibited an abdominal inflammation which
was difficult to determine the cause. Determination
of a proper quantity in feeding was shown to be
very important to the intestinal catarrh. Bathing
with formalin was proved to be effective for the
infection of cilliates.

Active cannibalism was observed in juveniles of
a range of 20-60mm, conspicuous between fast-and
slow-growing individuals when the body length
difference was over one and a half times.
Differential rearing by sizes was effeicient to avoid
the cannibalism.

(9) The artificial juveniles production of Sebastes
schlegeli was considered dividing the process into
five steps; security of gravid females, cultural
management of gravid females, care and control
of parturition, rearing of newborn larvae up to 25
mm juveniles, and cultivation of living organisms
for feeding.

A manual for the manufacturing process was
proposed based on a trial mass production of 500,
000 juveniles up to 23mm in total length.
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Fig.1. Sketch map of localities around Hokkaido where sample fish of Sebastes schlegeli were collected.
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Fig.2. Diagramatic illustrations showing the female and male external genitalia in kurosoi, Sebastes
schlegeli.

I : Lateral view of the copulatory organ of an adult male (collected in Nov.—Dec. )

II: Ventral view showing the urogenital papilla of female.

[l[: Morphological changes of the area around the urogenital papilla and the anus in three types of
gravid females during the period of gestaion; A) of a parturient female (stage 31-32) , B) of a
female with gestating embryos at middle to late stage(stage 24-26) , C)of a female with gestating
embryos at early stages (stage 13-15) or non-gestating female.

an : anus, cop : copulatory organ, go : genital opening, pf : pectoral fin, vf : ventral fin, uo : urinary

opening, up : urinary papilla
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Table 1. Total length, body weight and condition factor of females used for monthly examinations of the
gonad index.

Ten-day Number Total Length (cm) Body weight(g) Condition factor

Month periodin offish Mean S.D. MmimunMaximum Mean S.D. MinimunMaximum Mean S.D. MinimunMaximum
the month examined

Febiruary Karly o220 37 500 460 LI M2 70 160 8 08 23 S
March Middls 16 400 21 30 428 986 148 675 1180 239 026 170 265
April  Early 17 361 43 300 460 778 290 424 1410 278 017 250 3.7

Middle 27 372 46 301 440 847 293 418 1,365 2.82 0.20 247 315

NovemberEarly 21 327 21 302 354 546 9% 420 74 258 025 220 3.09

Middle 22 325 22 300 376 522 134 245 867 243 028 1.53 272
__________ late B &5 82 W00 998 5B 18 40 W5 266 08 21l 88
December Middle 12 338 40 300 432 662 220 476 10235 2.84 016 242 3.1

5.D:Standard deviation

Table 2. Total length, body weight and condition factor of males used for monthly examinations of the

gonad index.

Ten.dgy Number Total Leng'lh (cm) Body wexghl(g) Condition factor

Month periodin of fish Mean S.D. MinimunMaximum Mean S.D. MinimunMaximum Mean S.D. MinimunMaximum
the month examined

February Early 9 37.0 4.2  30.0 423 614 289 450 1,280 297 034 244 373

July Early 4 40.7 9.5 31.8 54.3 1,090 805 505 2,280 2.45 0.18 2.22 2.70
Middle 24 41.9 59 30.2 56.0 1,159 461 445 2,400 2.47 0.22 1.98 2.83
__________ Late 45398 57 395 500 102 563 460 3300 258 022 201 302
August Middle 17 463 54 8 546 1800 645 90 300 306 02 270 343
Seplomber Barly 3 409 17 394 427 1280 206 1065 140 304 08 273 341
NovemberEarly 10 32.2 2.3 30.0 36.8 562 143 396 903 2.68 0.14 2.36 2.84
Middle 20 338 3.5  30.0 440 668 207 459 1,240 2,73 0.3l 2.08 3.28
Late 12 835 31 %00 386 673 28 420 1087 294 020 266 335
DecomborMiddie 5 313 55 320 64 o8 463 565 L1710 288 010 a7l 2.9

8.D:Standard deviation
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Fig.3. Changes of mean gonad index (closed circle) in female (A) and male (B) Sebastes schlegeli collected

from the southern coast of Hokkaido, May '73-Apr. ,

'85. Each point and vertical bar represent a

mean gonad index averaged for those collected within ten days in a month and its range, respectively.

The crossed open circles in Figure A indeicate mean monthly coastal sea water temperatures at

Shikabe.

Gonad index= { Total gonad weight/(Body Length)® } x10*
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Fig.b. Changes of mean condition factor index (CF) in female (square) and male (pulus) Sebastes schle-
geli collected from the southern coast Hokkaido, May '73-Apr., ' 75.

CF= { body weight+ (body lenght)? % 100
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Table 3. Total length and weight of female Sebastes schlegeli used for the investigation of fe-

cundity, egg diameter and weight in three groups of different states of the ovary.

Number of Total length(em) Body weight(g)
Groups fish
examined Mean Min. Max. Mean Min. Max.
Maturity 41 40.1 30.0 47.4 1,187 339 2,010
Embryos (st.15-25) 32 38.9 33:2 48.4 1,197 650 2,240
# (st.26-32) 33 40.1 31.2 49.0 1,351 495 2,945




Table 4. Individual data on the number of intraovarian eggs, egg size and gonad index of the 41 females
listed in Table 3.

Date of Total Ovary Eg Egg-long | Egg-short Gonad Number
catch length weight we1g%1t diameter diameter index of
cm g mg min min Eggs
30.6 6.7 0.189 0.861 0.695 3.9 20,600
5, April 33.0 8.3 0.176 0.791 0.660 4.1 34,000
33.2 34.0 0.446 1.087 0.893 16.7 60,900
34.3 25.3 0.446 1.062 0.894 10.4 43,500
36.2 28.2 0.343 1.043 0.844 10.4 71,000
36.8 26.4 0.400 0.969 0.826 9.5 51,000
* 37.2 3.8 0.106 0.564 0.483 1.3 20,600
37.3 54.6 0.546 1.078 0.932 18.7 81,800
39.6 101.7 0.729 1.242 1.097 28.3 88,900
40.2 73.0 0.798 1.089 1.029 19.4 102,900
40.4 84.0 0.571 1.104 0.959 23.0 113,900
47.4 156.7 0.595 1.081 0.957 26.8 216,000
Mean 34.1 48.7 0.445 0.998 0.856 14.4 75,425
S.D. 1%.3 45.8 0.208 0.173 0.164 8.7 51,472
33.3 29.2 0.574 1.127 0.991 14.0 42,800
12, April 37.8 37.0 0.438 1.063 0.890 12.0 68,200
38.6 81.4 0.588 1.190 0.998 235 118,000
40.5 88.8 0.462 1.104 0.933 23.8 143,000
41.0 79.6 0.671 1171 1.014 204 157,980
42.0 124.6 0.434 1.163 0.965 30.6 180,400
42.0 113.9 0.492 1.151 0.985 27.0 178,400
42.2 114.8 0.609 1.106 0.985 21.5 163,700
42.5 95.3 0.534 1.159 0.994 21.1 159,000
42.6 83.9 0.434 1.071 0.871 19.2 183,100
43.2 144.0 0.613 1.125 0.972 31.1 190,400
43.4 122.6 0.540 1.151 0.998 24.8 208,300
44.2 155.7 0.564 1.100 0.916 30.5 311,500
45.3 128.2 0.606 1.092 0.948 24,5 177,500
Mean 41.3 84.5 0.540 1.127 0.961 23.6 163,020
S.D. 2.9 53.4 0.074 0.037 0.042 5.6 60,893
39.0 81.1 0.490 1.125 0.953 23.4 181,600
26, April 40.4 105.6 0.471 1.102 0.902 27.8 215,800
40.5 97.4 0.649 1.135 0.971 17.6 109,800
40.6 105.2 0.935 1.028 0.936 27.2 224,200
40.7 60.5 0.699 1.159 0.990 16.0 75,800
41.1 92.9 0.746 1.101 1.002 23.0 138,800
41.2 188.3 0.606 1.371 1.167 46.3 270,000
41.4 143.2 0.666 1.218 1.020 34.3 193,800
42.0 71.9 0.798 1.089 1.029 16.4 94,500
42.2 159.7 0.564 1.336 1.112 37.6 258,400
42.5 88.4 0.492 1.092 0.913 20.0 157,500
42.6 88.8 0.757 1.073 0.952 19.9 102,500
42.9 132.4 0.606 1217 1.008 291 203,900
44.5 173.7 0.523 1.159 0.994 33.5 264,700
45.8 193.4 0.934 1.191 1.052 33.9 182,600
Mean 41.8 92.0 0.662 1.160 1.000 271 178,260
S.D. 1.7 72.1 0.145 0.092 0.069 8.5 61,475

% : Small size ovary
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Table 5. Individual data on the number of intraovarian eggs, egg size and gonad index of 32 gestating

females having embryos of st. 15-25 listed in Table 3.

Develop- Total Ovary Eg Egg-long | Egg-short Gonad Number
menta Length weight wmg%'nt diameter diameter index o
stage om g mg mm mn Egg
st.1 37.5 67.7 0.896 1.295 1.217 31.9 73,100
38.7 160.6 1.060 1.259 1.190 45.5 126,700
53.0 556.4 0.647 1.470 1.370 59.5 435,000
Mean 43.1 261.6 0.868 1.341 1.259 45.6 211,600
st.13 32.5 37.7 1.000 1.290 1.130 18.1 127,140
st.10 36.0 34.6 1.160 1.310 1.190 12.1 20,900
st.17 37.0 125.0 0.896 1.350 1.180 44.1 84,000
40.0 140.0 1.190 1.320 1.240 30.0 45,600
Mean 38.5 132.5 1.043 1.335 1.210 37.0 64,800
st.20 43.4 328.0 1.620 1.430 1.190 32.1 128,400
st.21 36.1 125.1 1.000 1.330 1.200 41.4 88,600
39.5 199.0 0.850 1.320 1.220 52.0 109,500
42.6 169.6 1.506 1.330 1.230 37.9 99,300
Mean 39.4 164.6 1.119 1.327 1.217 43.8 99,133
st.22 40.5 250.0 1.350 1.470 1.280 64.2 118,400
st.24 33.2 105.4 1.780 1.760 1.460 45.1 51,500
33.4 58.0 1.610 1.490 1.370 25.9 31,800
34.0 78.7 1.538 1.800 1.450 31.3 47,000
35.0 78.0 1.600 1.570 1.430 32.0 33,700
35.0 67.0 1.470 1.840 1.530 25.8 35,600
38.5 188.0 1.560 1.620 1.300 53.3 82,400
38.8 93.0 1.410 1.650 1.400 25.9 55,500
38.1 190.0 1.550 1.540 1.320 62.6 77,700
39.2 171.0 1.370 1.780 1.240 48.5 74,200
40.1 217.0 1.190 1.750 1.300 58.8 189,000
43.7 390.0 1.360 1.400 1.250 70.0 208,400
44.0 587.0 2.770 1.860 1.500 117.8 172,100
Mean 37.8 160.6 1.601 1.672 1.379 49.7 88,242
st.25 35.0 128.0 1.570 1.830 1.490 50.4 69,000
35.6 163.0 1.500 1.790 1.390 57.4 87,000
36.0 90.3 1.750 1.840 1.550 34.8 46,500
36.6 220.9 1.830 1.790 1.390 2.7 104,100
40.0 187.0 1.720 1.630 1.480 49.3 97,000
39.8 206.3 1.420 1.690 1.440 55.9 116,500
41.3 239.8 1.890 1.780 | 1.460 54.1 99,700
40.2 326.0 1.520 1.850 1.440 89.1 167,700
42.4 328.0 2.200 1.670 1.350 73.9 139,000
46.4 574.0 2.060 1.980 1.500 91.7 218,100
48.4 513.0 1.560 1.690 1.440 70.2 277,700
Mean 40.2 245.4 1.729 1.776 1.448 63.6 129,300
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Table 5 (continued). Individual data on the number of intraovarian eggs, egg size and gonad index of 33

gestating females having embryos of st. 26-32 listed in Table 3.

Develop- Total Ovary Eg%‘_‘ Egg-long | Egg-short Gonad Number
menta Length weight welght diameter diameter index of
stage cm g mg mim mm Egg

st.27 34.2 126.0 1.430 1.720 1.100 53.9 69,900

37.2 253.0 2.220 1.880 1.460 82.5 83,160

37.7 193.0 1.920 1.880 1.480 58.4 71,700

42.9 289.0 2.810 1.920 1.550 63.0 87,600

44.2 192.0 1.660 1.800 1.470 36.7 102,000

48.9 726.0 2.320 2.040 1.520 105.3 232,500

Mean 40.9 264.5 2.060 1.873 1.430 66.6 107,810
st.28 36.4 147.0 1.690 1.760 1.360 51.3 69,600
40.3 351.0 2.850 2.090 1.560 81.9 94,100

40.7 204.0 1.500 1.880 1.440 50.6 95,500

40.9 363.0 2.000 1.960 1.520 92.4 118,100

43.2 440.0 1.920 1.820 1.250 34.5 190,800

Mean 40.3 260.2 1.992 1.902 1.426 62.1 113,620
st.29 34.4 76.4 2.340 1.970 1.660 30.1 39,400
49.0 371.0 1.860 2.100 1.400 51.5 145,900

Mean 41.7 185.5 2.100 2.035 1.530 40.8 92,650
st.30 32.8 160.0 1.920 1.913 1.496 75.3 67,800
35.2 167.0 2.170 2.100 1.590 63.1 72,500

35.2 140.0 2.380 2.030 1.520 53.4 42,400

36.0 150.0 1.830 1.910 1.600 54.5 70,000

36.5 160.0 2.336 2.320 1.630 50.7 59,900

38.0 157.0 1.430 1.880 1.480 42.9 94,300

38.5 150.0 2.080 1.920 1.640 44.1 63,200

38.8 247.5 2.120 2.290 1.690 68.9 115,300

38.8 256.0 2.100 2.290 1.550 73.9 108,700

40.0 270.0 1.950 2.100 1.650 69.3 108,700

40.6 190.3 1.900 1.890 1.570 47.6 84,200

41.5 304.4 1.880 2.390 1.590 71.0 112,300

42.2 305.0 1.660 1.880 1.480 62.7 156,500

43.6 520.0 1.960 2.080 1.680 106.1 190,000

44.6 355.4 1.660 1.930 1.540 65.8 187,000

48.6 851.4 2.290 2.320 1.660 114.9 309,300

Mean 39.4 242.9 1.979 2.078 1.585 66.5 115,131
st.31 37.6 303.0 2.450 2.530 1.520 94.2 59,900
43.0 390.0 2.220 2.420 1.550 79.5 90,000

43.4 720.0 2.100 2.200 1.770 144.5 249,000

45.4 460.0 2.020 1.970 1.660 85.2 18,300

Mean 42.4 370.8 2.198 2.280 1.625 100.8 104,300
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ELXIRHE

6

|||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||

lllllllllllllllllllllllllllllllll

RN BN BN S N N RN N N R N e

(b3) 3ybrem LAaeagp

E
3
=
)
=1
Q
-
-
o
o
H

+
+
.................. s
+ +
*4
g
o

................. "goesmesnasa

++

+ +
....................... - SRS

+

e
........................ +%------

+
+ +
............................. e
a *
it e g
REQOUIOY OB ©W®
i I P R [~ I .- - I - -]

(by) Xxeao 3noyztm jybyvem Apog

Total length (cm)

and between the total length and

Fig.6—2. Relationships between the total length and ovary weight (C) ,

, listed in Table 3.

body weight (D) without ovary in the female having embryos (st. 1-24)



70 A ORI DR

Table 6. Correlation coefficients between the total length, ovary weigth, and
body weight without ovary in maturing and gestating females of

Sebastes schlegeli.

Number Total length Total length
Group of fish VS ovary V8
examined weight Body weight
Maturating( April) 41 + (0,82732 + (0.95845
Gestating(St.15—24«a) 33 + (.85588 « (0.94982
Gestating(St.26—31+a) 36 = 0.85206 « 0.96742

+: a=0.05% level.
+a:developmental stages of intraovarian embryos.

Table 7. Rate of females having small ovaries appeared in egg-maturity

and gestation periods.

Gieouti Skige No.of.fish viihoirizkﬁ Percentage [Total length
examined ; % cm
ovaries
Maturation *4.05 12 1 8.3 37.2
Total/Mean 12 1 8.3
st. 1 3 1 33.3 53.0
st.15 1 1 100.0 34.6
Gestation st.17 2 2 100.0 | 37.0-40.0
st.20 1 1 100.0 43.4
st.24 12 1 8.3 38.8
st.27 6 1 16.7 44.2
st.28 5 1 20.0 40.7
st.29 2 1 50.0 34.4
Total/Mean 32 9 28.1

+:Date of catch

Talbe 8. Relationship between the fecundity and total length in maturing and
gestating Sebastes schlegeli females having normal and small type

ovaries, shown in Fig.8.

Type of Number Ceofficient Regression

ovary examined of correlation equation
Maturing 40 0.87114 Y=0.0001X5 7
Gestation Standard 59 0.83239 Y=0.009X" *

Small g 0.94383 Y=1X10"%X57

a7
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Table 9. Estimated fecundity of Sebastes schlegeli
females having standard or small type ovaries

in egg-maturity and gestation periods.

Tatal Fecundity
length Maturing Gestating
(cm) St-ovary St-ovary Sm-ovary
31 31,700 32,800 8,800
32 38,000 37,700 10,900
33 45,200 43,200 13,400
34 53,600 49,300 16,400
35 63,300 56,000 19,900
36 74,300 63,400 24,000
37 86,800 71,500 28,900
38 101,100 80,400 34,600
39 117,200 90,100 41,200
40 135,400 100,800 48,800
41 155,900 112,300 57,500
42 178,900 124,900 67,600
43 204,500 138,500 79,200
44 233,200 153,300 92,300
45 265,000 169,200 107,300
46 300,400 186,400 124,400
47 339,600 204,900 143,600
48 382,900 224,800 165,400
49 430,600 246,100 189,900
50 483,200 269,000 217,100
ol 540,900 293,500 248,300
52 604,300 320,000 282,800
53 673,600 347,600 321,300
o4 749,300 377,400 364,100
55 831,900 409,100 411,800
56 921,900 442,900 464,600
a7 1,019,700 478,700 523,100
58 1,126,000 516,800 587,800
59 1,241,200 557,200 659,100
60 1,366,000 600,000 737,700

St-ovary:standard type ovary
Sm-ovary:small type ovary
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Fig.9. Comparison of the fecundities among females having standard ovaries with immature eggs (solid

line) and developing embryos (dotted line) . and those having small ovaries developing embryos

(broken line) .




7 0y A ORISR B 245 EETE 6l

1.8 s
28 @
51-5" ?
bl 2
¥ gua
3 1.4- ;g
: 2
o 1.3 : a
& O
" 1721
9 1.2- & 29
w ]8
1.1 1 1 1 ) 1 T
1.2 1.4 ' 1.8 ' 1.8 2 | 22
. Long diameter (mm)

Fig.10. Relationship between the long and short diameters of intraovarian eggs having a various stages

of develoment.

Figures attached represent embryonic stages of development.
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Fig.11. Relationship between the long diameter and weight of intraovarian eggs at various stages of
development.

Figures attached represent embryonic stages of development.
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Fig.13. Changes of intraovarian egg weight with progress of embryonic development.
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Table 10. Percentages in weight of main constituents of the ovary in egg-maturity and gestation periods.

G Total Number of Eggs Ovarian envelope Ovigerous lamellae%

"o length cn_fish exam. ™ Mean S.D. Mean S.D. Mean S.D.

31-33 1 74.1 9.9 16.1
33-35 3 84.0 4.6 5.2 1.8 10.8 2.8

Maturation 35-37 1 79.0 5.8 15.1
37-39 6 76.9 8.2 5.7 3.9 17.4 14.3
39-41 8 85.7 5.6 4.2 1.6 10.1 4.0
41-43 14 88.6 3.1 3.6 0.7 7.8 3.0
43-45 b5} 90.3 1.8 3.1 0.9 6.6 i
45-47 3 88.9 1.1 3.5 0.5 7.6 0.7
Mean+S.D. 41 83.4 0.7 5.1 1.6 11.4 4.3
33-35 5 79.2 4.6 3.8 137 17.0 4.5
35-37 6 82.5 6.6 4.9 3.0 12.5 7.2
Gestation 37-39 3 82.1 2.9 3.1 0.5 14.8 2.5
St.15-25 39-41 7 80.5 7.1 3.7 1.4 15.8 6
41-43 2 90.9 6.7 2.5 6.7 2.7
43-45 4 88.8 3.4 2.7 1.1 8.5 3.0

45-47 1 88.1 3.3 8.6
Mean=*S.D, 28 84.6 5.2 3.4 1.5 12.0 4.3
31-33 2 87.1 3.6 4.4 1.4 8.4 2.1
33-35 2 90.3 4.5 1.8 1.6 79 2.9
Gestation 35-37 5 87.1 1.3 2.1 0.6 10.8 1.3
St.26-31 37-39 7 87.4 3.2 2.5 0.3 10.1 3.0
39-41 6 85.4 2.8 2.7 1.2 11.8 2.7
41-43 4 82.2 6.3 3.6 1.5 14.2 5.7
43-45 3 92.2 2.8 L 0.3 6.0 2.8

45-47

47-49 3 89.3 0.2 2.6 0.4 8.1 0.5
Mean=£S.D. 32 87.6 3.1 2.7 0.9 9.7 2.6

S.D.:Standard divison
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Table 11. Changes of the ovary color at different embryonic development stages.

Developmental stage Color

(Stage number)

Mature unfertizilied ovum(st.1) Yellow(maize)

Early gastrula(st.13)  Yellow(buff)
Embryonic shield(st.15) ___________ Yellow(buff)
Optic vesicles(st.17) Bright orange-red
________________ e e e GOlOE s
Auditory placodes(st.21) Brown

Pectral fins, 26-27 somites{st.24)" S

Pigmentation of retina(st.25) Nile green
Blood circulation(st.26) ~ Leek-greem
Pigmentation of the peritoneal wall(st.29) _ Sapgreen
Prehatching(st.31) Sap green
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Schematic diagrams showing developmental stages of embryos of Sebastes schlegeli.

A:Mature ovum (stage 1); B:Formation of the germ disc (stage 2); C:2-celled ovum (stage 3);
D:8-celled ovum (stage 5); E:16-celled ovum (stage 6); F: Morula (stage 9) ;G:Early blastula
(stage 10); H: Late blastula (stage 11); I: Beginning of epiboly (stage 12); J: Early gastrula

(stage 13): K:Late gastrula (stage 14); L:Embryonic shield (stage 15); M:Head fold (stage 16);
N:Optic vesicles (stage 17); O:0ptic cups, 22-23 somites (stage 20); P:Auditory placodes (stage 21);
Q:Pectral fins, 26—27 somites (stage 24) ; R:Pigmenlation of retina (stage 25); S:Openings of the
mouth and anus (stage 28) ;T :Pigmentation of the peritoneal wall (stage 29) ;U :Depletion of yolk,
5.4mm body lenght (stage 30); V:Pre-hatching (stage 31); W:Newborn larva, 6.2nm body length;
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Table 12. Catch dates and developmental stages of intraovarian embryos gestating female Sebastes
schlegeli collected at Shikabe, Otobe and Enbetsu.

Shikabe Otobe Enbetsu

May June May June June Total

Stage |11-15/16-20 21-95|26-31|01-0506-10{11-15|16-20| 21-25 |Subtctal 06=10 | 10-15 | 16-20 | 21-25 | 26-31 {0103 | 0610 11-15 [Sublotal|01-05 | 06— 10 [Subiotal
tmm egg 1 1 1 3 1 2 1 4 0 7
1 0 2 2 4 4 6
2 0 1 1 0 1
3 0 B 1 1 0l 1
10 0 0 0 0
1 0 0 0 0
13 1 1 0 0 1
4 0 1 1 0 1
15 1 1 1 1 2 4 4 7
16 0 | 2 1 3 1 1 4
17 1 1 2 3 2 5 1 1 8
20 0 0 1 1 1
2 1 1 1 1 4 1 1 0 3
2 0 0 1 1 1
3 0 1 1 2 1 1 3
A 2 2 2 1 1 1 4 2 4 bl 1 2 14 6 3 9 32
% 3 3 1 7 2 2 1 2 1 3 1 4 18
26 0 2 1 1 | 3 8 0 &
n 1 1 1 2 2 1 1 7 6 6 14
)] 0 1 3 3 1 3 1 12 bl 5 17
b 1 1 1 ! 1 1 1 1 3 1 1 2 §
a0 1 1] 3 DEEIE 1 1 1| 1] Tl & 2 9| 2 I
B 1 1 1 4 7 1 1 2 0 9
3 1 1 0 | 0 1
Total | 2] 10 9] 1] n| 4] 6] 7] 1 s ul 4] ] w| ] wu] 1w 1] s u 6] 4] m»

+Imm. egg:Immature egg
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Fig.15. Catch dates and developmental stages of intraovarian eggs or embryos in female Sebastes schle-
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days in the month respectively.

P :unfertilized eggs, RN:st.2-14 embryos, Bf:st.15-25 embryos,
@ :st.26-32 embryos.
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Fig.16.

Preservation period in days from capture to parturition of gestating females, reared under natu-

ral seawater temperatures during late May to middle June at Shikabe.
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Table 13. Cumulative ambient temperature and the developmental stages of embryos by date for three

female Sebastes schlegeli for which the entire course of development was observed. Mean daily

temerature is in parentheses.

Individual number Mean
14 32 o4
. May 11 June 7 May 23
21 June 23
Developmental 7”257:”” ) June 17 e
stagesbydate 29 _ _June 22
8 ¥ dune 22
. 33 June 29 July 19 July 9 -
Gestation period 49 a1 47 45.6
bk 0| 450.1 420.2 466.6 445.6
(9.2) (10.3) (9.9) (9.8)
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Fig.17. Relationship between the developmental stage (X) and the time required to birth(Y) in embryos

from 3] female Sebastes schlegeli.

Table 14. Stages of embryonic development in Sebastes schlegeli, and estimated

time sched'ile from fertilization to birth at 9.8°C.

Stage No. Description Eg_ﬁ? (:ioays)
! Mature unfertilized ovum
W — Formation of the germdise 48.0
3 2—celld ovum
4 4—celld ovum
5 8—celld ovum
6 16—celld ovum
7 32-celld ovum
8 64—celld ovum
B S Morula 47.0
L 10 Barly blastula 46.6
11 Late blastula
12 Beginning of epiboly
Y L Barly gastrula 4.9
14 Late gastrula
N— L Embryonicshied 4.32
16 Head fold
S 1 Opticvesicles 4.0
18 Beginning of somite formation
19 Finfold
i & ) Optic cups, 22-23 somites 36.6
— L S Auditory placodes M8
22 Fromation of lens, motility
23 Apperance of otoliths
......24 ____ Pectoral fins, 26-27 somites 283
— 2 Pigmentation of retina 25.7
S—— . Blood circulation 3.0
27 Lens becomes transparent
.28 Openings of the mouth andanus 167
a— 29 Pigmentataion of the peritoneal wall 132
P L Depletion of yolk, 5.4mmbody length 9.5
31 Prehatching
32 Hatching
33 Newborn larva, 6.2mn body length 0.0
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Fig.18. Illustrations showing parturition behaviors of Sebastes schlegeli females.

[Tlustrations a to e and f to h show normal and aberrant paturition behaviors, respectively.

a:While a fish is actively swimming, a small number of embryos are suddenly ejected like a string of beads
(initial delivery),

b:The fish settled on the bottom of the tank gives birth to a gelatinous mass of embrvos by moving vigorously
with more active opercular movements (fanning action). The embryos are dispersed by the fanning action,
drift up to the surface and begin to swim actively.

c:After a short time(10-20 minutes),the fish repeats the same behavior to ensure the subsequent deliveries.

d:Embroys drift up to the surface by the fanning action, again.

e:Parturitions usually occur two or three times within |.5h order to liberate the entire brood.

f:Embryos deposited in a mass on the bottom cannot survive without the fanning action (all stillbirth).

g:and h : When an entire brood is delivered in two or three batches of embryos and only the first batch receives

the fanning action, all embryos in the later batches die(g).This “imperfect” delivery in contrast to the “first
perfect” delivery.
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Fig.19. Time zone and the length of time required for the parturition of Sebastes schlegeli females.

Figures within the perfect aquares are tagged numbers for individual identification. The imper-

fect squares show cases observed from a part of the way of parturition.

Table 15. Effects of handing on parturition of gravid females of Sebastes schlegeli

Pregnant fish Time from Date of Tempera- - )
Year Eﬁ:ﬁ o parturi- :;:;_L::I_ :i:;;m "7 Condition of treatment
Location  Record (days) tion tion °C
1973  Shikabe  Preserved 12 June 3 11.0  Imper. Bumped body against the boat deck
6 June 26 13.8  Imper. #
A P — 26 June 26 14.8  Imper. - N ——
1973 Minami- I’rescr\'e&77"71{71”777.17117:;7!75” B 135 7 Iimi);;iﬁﬁcin;]ihi&r:[i with each other on transport
kayabe 1 June 26 14.8 Prema. "
o 67 July 7 151 M e T e e e
Shikabe Preserved 8  Jume 11 | 155 Perfect 1
6 June 13 15.0 Perfect #
6 June 14 14.0 lmper. "
13 June 16 14.0  Perfect 4
9 June 16 14.0  Imper. “
6 June 17 13.5  Perfect I N U Sy —
1972 Raised | dyear June 17 137 M Chase excessively or bumped abodomen on the water
# July 3 16.0  Perfect Treatment carefully
% July 7 16.2  Imper, Chase excesively or bumped abodomen on the water
# July 9 16.2 Mo 4 o
e e e e N U &, RN | S . S S,
1972-1973 Shikabe Raised lyear June30 158 Imper. % "
4 July 3 15.5 Perfeet Treatment carefully
" July 3 155 Imper. Bumped abdomen on the water
# July 4 146 No "
" July 4 146 No i
’ July 7 13.0 Perfect Treament carelully

Perfect: Perfect delivery, Imper.:Imperfect delivery, No:All stillbirths, Prema:Premature birth

All resrs.=All resuscitation birth
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. Table 16. Soundness of S. schlegeli caught by long

line fishtig.
Number of ;. Fish swa- ;
Sex fish X;E"mus Towid a tI_.il:;).hargm
examined hook
Female 59 38 17 4
% 64.4 28.8 6.7
Male 54 33 17 4
5 61.1 31.4 7.4
Total 113 71 34 8
% 62.8 30.1 7.1
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Table 17. Damages found on the body of Sebastes schlegeli, transported alive from Embetsu to Shikabe

Sex Tokal . Bofiy External injuries
length (em) weight(g)
Female 42.0 1,500 Injury of the caudal fin, desquamation of epithelium and haemorrhage on all fins
Pregnancy 58.7 4,620 " "
49.4 1,640 “«
40.6 1,500 Desquamation of epithelium and heamorrhage on the skin
50.0 2,180 Injury of the caudal fin, desquamation of epithelium and haemorrhage on all fins
42.0 1,460 Desquamation of epithelium on the lateral line
................... 408 1,400 Desquamation of epithelium on around the pectralfins
Female 45.4 2,200 # ”
None 39.2 1,300 " d
Pregnancy 45.6 2,300 " "
46.5 2,160 % &
42,5 1,500 g o
46.0 2,200 " "
................... 48.5 2,600 Injury of the caudal fin, desquamation of of epithelium and haemorrhage on all fins
male 39.8 1,250 Desquamation of epithelium on around the pectral fins and haemorrhage on the

affected portions
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Table 18. Comparison of the state of parturition in wounded and unwounded gestating females, and

aurvivorship of the spents.

State Number  Number off ish Number of Number of fish
¢ f fish di f Parturition fish died survived more than one
- o ied before: par— after parturition year after parturition
injury observed  turition Normal Abnormal Normal Abnormal Normal Abnormal
Wounded 9 2 4 3 3 0 1 3
Unwounded 11 0 10 1 2 0 8 1
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4 wild N=66
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Fig.20. Water temperatures at which the spontaneous parturition occurred in pregnant females of Sebastes

schlegeli at Shikabe.

A:Frequency of wild and raised parturients.
B:Frequency of parturients graded by success of the delivery.
Perfect:Perfect delivery, Imperfect:Imperfect delivery,

Premature:Premature delivery.
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Fig.21. Dates of parturition observed in wild (A) and raised females (B). Wild gestating females were
captured in the same year 1979 at Shikabe, Otobe and Enbetsu. “Artificial” females were raised
form larvae for 5-6 years at Hokkaido Institute of Mariculture, Shikabe. “Wild" includes wild

spent females reared at the same laboratory for one year.
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Fig.22. Days required from stages 29—32 (just before birth) to birth (st.33) in gestating females reared
at 14.5°C in average.

Table 19. Days required to birth for st.29—32 embryos in gravid females of S. schlegeli, reared under

natural temperatures §—15°C.

Individual Enbryonic stagte Time t.o. State of
Year 29 l 30 l 31 [ 32 33 parturition s
number - paturition
Date examined (days)
1980 181 15 May 23 May 8 Perfect
199 30 May 11 June 12 #
153 6 June 19 June 13 "
. 158 12 June = 21 June 9 al
1981 469 20 May | 26 May 6 "
477 6 May 19 May 13 %
458 2 June 17 June 1 &
491 | 29 May 30 May 1 "
1983 492 22 June 2 June 13 4
54 22 June B 9 June 17 H
93 22 June 30 June 8 "
124 21 June 30 June 8 "
484 22 June 23 June 1 "
487 22 June 25 June 3 #
14 22 June | 25 June 7 v
I | 22 June 29 June 1 "
55 22 June 28 June 6 #
109 22 June 1 July 9 ”
375 22 June 2 July 10 il
145 22 June 5 dJuly 13 " N
109 | 22 June 1 July 9 4

Perfect:Perfect delivery
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Fig.23. Number of gravid demales delivered their embryos stimulated by changes of water temperature.

The fish were transferred from tanks at natural temperature (6.3—13.9°C) to the delivery tank

kept at 15-16°C.
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Fig.24. Days required until parturition (A) and conditions of delivered embryos (B), when parturient

females were accommodated to the delivery tank controlled the temperature at 15—16°C.



84 GO

HONELRABREICEBEINTWSA, fafkEEC
Hoto, MEEUELTAS L, IEFRBLHTORAEIC
Hote. ERBHFOMEAHERICEIAIER, h
ETOANNVBBIE LEMRTH -7, LEcdi»T,
fatFAmi(t L7-Bi&, ZoRi#ic X D BABMOH HH
IO, [EFRFICHEFORFEERBOE MM B ORFR
WREZ L S - CHIRERIPAES OERILES 22 LT
WabDEEZI,

FOWTEI 2 EEX" & Lol s To g
DEEE DT, BSORIEL —ROBTFOHE Bbick
CBIHEY ITH L FROKPADHHTL ED—EDH
FUCHL B, ZOLHIT7 o/ OHEICR—EOHA
IELWITENS S ZEMnh-te (b0 THIIARE
PIAAVTIZRIKED S 74 D—FA b 2 Gasterosteus
aculeatus """, /~EHED Bathygobius soporator
H*Y o7 7 ) A0 kKT Cichlidae 2B T 5
Hemichromis fasciatus *7, MBEEICHEED EZ(E5
AA AT A K Chromis notatus ** THISHh TV 5,
INoOffD KkbED | TEITZHINCHETKE
EBLDT, I FHREFRET S-OOEHEAREE O
bhTwWa., 7o0vAD (B0 THEIEREEHIC

g Ui KEOFRzRE I T#HEEI N5, bL

bBn ) ICEBMLIZEE, FREIFLTAIEL(E
THLT 20T, ZOT#IMFR%EBEROFER R,
SEANOEREANEMOEAL B, —HOMFETEH
({&AL = activation) £EZ oMb, Lichi-T, 7
OvAD THEY ] THIREFOLERICE > TUETH
Ao, A FIEEZAZATAHEEEREIZY o/ A HED
HRAREL EZ SN B, 5B, SEIOBERHEOAES
HFTIT-TVWADT, HEHKOEDOELDIZOWLWTIR
ASHROBEGH ZIRMTH 5.

ThBn ) T8 EEFOLR

IEbR R (S IRERF O E M, IO IR 6 H &
UTRWEEIIMETHLLRET L IRTELHER L
DERFHEL AN, SEIOHEE) S ZOREZIERR
D THEH) THOFEIEGENH S ZENPSMCE
Nl ThBD | T8HEZFEI - FRIFTTEEL
foo Ff, JOLSUHARBERGLIEREP, FEd

BRIZ LD LTWS, COLHINI LAETSLE,

REHEORNIREE L THRADHUR CHEERED R
FRICLBENDETICHEEELAONS, [HHETD
MORAE LT, HEROMEESENOE S THHES
THEELLTLWZELBIFONE. —F, BHEOHET
FERE T TERITON, KRBREOEMFIIP
MTHLET B, Lichi-T, RO BHAEE IR
EFEBA-DIRLEENRETHZOT, BEOHR

RIEEICTO CEHIFETH B,

CHhETOEETIE, HEENOHERE X DO
MCTERREHICQENREOBHITEES | X230 13H
Sk LTWABANE.H 1. ZDBE, HADIE
HILHETHZRoNEWICbInS T, EFRIEREICF
E LTk L Thiedy, THhidEREOEKRIZ X 57kD
B TERREEN SFAVEARCIE# L EITL B,
7, WA IREEE Lkbh TR REEAERD
PR, sBLERIRE LY TATLMICHBFZEHE S 8ES
i2i3, EFIERECEELER L. oLk —HoE
FRIEECRERELLIENS, ThB0 ] T 5
B ETLIBFOERERNARETH B 2 Ehianh, &N
DIETF L7z tFtREa, S NEFEZB 20 ICEELMR
nigohi,
RAFREDOIREFREHENZ L, FiCiERERHD
AR T3, wERCREEFRICITE 2037 2
Hoh, FBEIBWEILLCD LcBE, Chodkt
RERITHEREIC (B0 THILELTHED), F
1R ELITDORVWI ERDh -1, DL, HERKL
M ARNICEBIRETEHT I 2H0EN -1z, ThoDE
EEREN S, REHE EREDENOREER THER
EAILEN, AR R X O RATIIHERTW
REEZ TRIELTWA Z 0 EDRILY, KIENEET
SHERFIAOIREE T L HESZ TEELLVWOT, 08
BILLFENOETE2EET H2LEND 5,
HEAREAOIREhIc A S A ERINEHE

70 A DEHFEEHIAATHWBERNEE I}, TR
BCORg g B L, BRARPOINR T EERLE
YORIZBEOSWTWS, 7HAY TREEICA OIS
DEHWREHEEOEFELEL, Wourms *VIZL 3 &,
JEMO e A ¥ </ # 2& Dendrochirus . 3/ 14T .
& Pterois , ¥ F V& Sebastolobus EMEERED L A A
+ & Helicolenus THISGN TV 5, U4 IEEY
EHoGIcEE UCREER L, AATEENTONS,
ChoORETIIRED SO I8RO TR
1. 5~2. 3mDF ST, KELRBINOIIFHEREF - 721K
HETI{THN B, —4, Helicolenus TRRILIZIIHATE
KEMHIHLNWRETRET 50, HERKICHTZ
SANRKBOERREZE L, BEIEENET 220
ALIPICKE T, BE LRI EASS 4 ORS
FEEE LISV, A RS TE 7 o/ 1 OHEIRER, BE
(FAFERMRE IS b/ RETHEE S h A2 8 THEER
LTWABD, FEFORFEEN 7 0/ 1 TIRITHEESR
WL REEDIETH 5 2 &, HANEREREL SHEHF
RRREMT THB0ITH 2L 5L ERELELHD
A5,




Wourms 5" (%, AMEZH THEZEMIIZENT S
Pteroinae, Scorpaeninae, Sebastolobinae MU {Z
RS ISR L CENSN, WdeohTRET S
&, KNZHEOD Helicolenus REBEOINZE L < %
REREMICHEZ L TEEh, ZOhTRENEITT S
&, ANVBRO Y 1y A TlREERISEREEE A
BEROENTWAZEREIFEHL, 7HA4 TR A
HoREN SHEE~NDEILOREEERZ L TW5S,

COEXBREOEREII-WT, FhsfEaEIcE -
TABRICRAYY, MAELRBRT S LTHOARE
EHB™Y, MCEHEALIA D SR B A fE 4 DR &
# histotroph D—2DOME A SN B FOHER A
INTVWEN, EEIAHETHE, Lhrl, BEROIHIC
E - TRBENSDOHEICELTD, Fi3EdoRNH
R L ToRERBTH 2 L IIEVIVEERDN
%5, 7014 DBFREONBCXDEREEOHFNS
fFEfEh, EiariEIns, LL, HonENLG
NEFEORETRFRIIIECT 5 LA, ERHEER
BHOBENEHEOMIT B LR 7944 TREHEORRE
DELZHOMNIT 2 LT HLEBKHAZFEEEL NS,
HIBEREZ], BRI R OBl

FHEEBRICL A5 { OB TRIERRAIZ T~ TERREIR
HEE L7, LaL, Thilfhch, HEERIKEICS S
HRATIY, RHOHER (5~68) OEpkhicEes
ANT, B8l (6~8K) (ThEx LIcERORAKEKEH
Fif Lok NT, & 7oB RIS L EBkMmIcEs
B, thEnELLALEZL, BTN bLEAD

(&0 THREEsNT, SRdobRETIET
DREERICHEN S h, SR OBBEKITHIC X 5 ilkD
B CcaolsitEIh, FLETAFERRSn,
L ARBHNIERORERETHEINIBETH-T
bEEFRERICIBFERICIEOC DT, IERIHE & (3380
<, TORHMHEZRE - #X0igsRETEC
HREHEL AR INI,

BEOERHAIC->WT, BEHY EE L aEOB
EEH S, EENSHEEICEINYT 2 MR, iR
ICEEd 2 BRIRY, @y cRRE L CREYRS B iy Y,
B & O E DB 2B D N WASERRELD 4 Bz X
HLTVWE, ChoDRXGh6d 5L 70 1 I3EMH
RICBY 5, —WOKEFEHET 2ICETH0MI3 1 ~
L. S5BFFE T Z ORC 2 ~ 3 [Blicsr i THET 5 2 & A%HH
SIS, DAERREICEDT A A IVERIETIIAE
FEAR DAR R E AR A D IH R O P (R E 3D & s B
MoABT A3V S, inermis *V (Mio 1960b), T/ A 2%
WV S, taczanowskii ** ", FJ 3 A3 S, vulpes ,
=/ 4 S. trivittatus, Y +F /<4 S steindachneri

7 o A ORI T 5 AW IR 85

DLz 1 AHERNZW, £/, AHTICEShAL
Iz 1 EFHRIC 3~ 4 BEET ABENT T
FATEN

Jb A SEERE A LA 9 7 IS5 W T Moser 2% (3
RO BB HBRAE NS | EIHER S 2 BIHER
(S. paucispinis ; S. goodei) ZRWEZLTWS, IO
LA ICHHERIEIL, 70D - TV 35008 & BEEN
HBLHICEDbN, SEOBIHTREZRELELA SN,
HHEERFIA & HPEZKIR

7oA OHERYIE, BERERREOREERATE
KiBA9~14Cn 5 A TaINS THEAT, HERHIIZ
KIBASLLCD 6 HHE]TH - too—7, ZEBETIRR DifijE
bR T R RN HI20H < SVLRWIZ b 5 J HHE
B LG L TH »7. F72, 6 A LAnsERIETR
FCHEE L EiRA T HERIIIZ 6 ATAT, fi2sE
LEOHAH LN, —F, BRIEREETRRAEREK
@ T A LA ATHEBESRENS T AP-TET, wWIn
b % OF ICREMETINE TR L /2R L D $£520~30
HENTHE L. Zo&H iy 0/ 4 DHERLICE
G —HEOFRE TIFHERIc L D, BRADEE T
IREDEEICL D, FhEFEVDYS SN, KT
57 1 A OEARHE ILEE10~16°COL\ KiR#EFH T
BENTVWAEI EN DM -1, 70V A OEBEERT
DOHERB RO HEKBEZHET 2L, KEEX4AT
A5 6 Arhf), #K9i3 5 A T )14, 2~18.8C)77,
BEEA 5 A LGNS 6 A EA (10~17C)"", &F8R
=d&int 6 A Lfans 7 A 11~16C)'Y T, HE
KiBIZFI0~16CO—EDFHIcH B &b, AH
DOHERZREKRICE D EGIN TV S I NS
NThHb,

hEcofaERABR, o, 2 Bt OORAK
BEDLE~I0CEDIIRETHET AL, HERKEA
B1~L0BRES ZEAHRINTVSY , [AFR
MEFE) - ERTPickhlaanTesd, F/8H#
WD 3R EROKE D S AR b iR e G
%2 Hept), 3 H L), 4 HEHE LIZBEDHER
PRALDGFI2HABBRC AL EREL TV S,
Lihi-T, ZREO 7 o 1 MTIfEEKENIRED
RERUVZ - BREICEEERIET M90S, C
D& S AR, S LT, AR TOELBAD
HEER AN Z DEOKRBES L O LED - 72 HHE,
7y AHERT B HRROKE EFEHICHVIREK
REDENIH A EMREINI, FTEFNCHERE
FHEiT A LB L CREBESRE. FHOKR SIPEROR
BIZOVLWTOFHMIEHAENSEOFETH 5,



86 RN

HESR
BEOAMERCEM) X LAOBEEICHMT AHERIZ
BEETRE(ASNEY, 7074 bLEHTANIVR
BEOBERTRASKEL, AREOERI AT
0 1 OIRIPOFR ) X L 3BREERERMTH D,
ZhekoRt:, HERRLE RN TH S, £/ =
HWrolRERUHEETII6~T AETicitbh 3,
COMRE A R RC 0, BB AMMTHS S
o, HEFRERICIKEBLEFBEELTVALSICH
Bbhz, £/2, A OVRBEORLIGHEKB Rz
RATEZ 20T, YARETFEIHINT RS LIRET
HEZF-TWaLIIcEBDbh3, COLILKRECH
AR ISR hORY, REALICXDERED
MoMBICERFEHHT A LB EIh TV . BR
HEBYPED St. 29~ROHRA TIZ. BAKBT TR
SBRETH-THHEZ TICET S AMGEFRTRY
ADT, HEFRICILBASHOBEREOEWDYDH S
LY IcBbh i, REBENELICONWTHEICHZ
ML BB ENFSN. ThoDHED S HERR
ICKBRIEABRLTVWAE D EEZ, st.321EL:
HEREZEZ N E TORAKE L DHIZ 2~ 3°CHLIG~
16°COHEKMICINE T HE | ~2 HRNICIERICHEST
ALLHERNBON, F1
BREICE > TRIBRWI EAHSHhcxh, AHOHE
EHNBEINL,

1. FRORHE
(1) FeREZE(L
1) HEHE
HEE®RD SR MOMAAICIE, 19785 7 A 3 HiC

REBE, o BANE LI FREZHV . HERRE.

ISCHEEBZEMICHEE L2200 2F o - LEHMR
7KH#IZT700~1, 000RBDFERENEL, 7 ol ik
WTTLY, TLTITORMLSGEEKRIEL, T-7
F1z, HEARMOBREICIZI980EN SI198IEEIIMIT, &
fF, 15tkiEick A ERBOMRKRL LTRAH
B CHEIEHERL-HEEEHV .,
fkoBRIIEHME® 5 AEIc, 106 BERE
L. MS222THEB =M TARETIT- 2. 2EBIER,
EFHS52E15mE TREFICL 2L X571 0K
B L1 ETITY, FO®%IEBT<TI0% PR L=Y &~
THEE L EATIT- 7

FHEB O RERM (2 Kendall et al . *, K§79
HEHL L SE D72,

Z DR BEFOER,

2)# B

2) -1 miEZEEfN (pre—flexion larva)
ROMEIcHEWERKES LA ICEiT 2805

%, HMHED SEEFEV B EZHET 5 Z o F

TEAERESRBE Lo, HEROBIZKIE14~16.8

COFTOEHFICESXIERL .

HE0BHE (F25A) : AR 8 RIS L 7o FAid
E¥g2E6. 3mm (B/NERK : 6. 2~6. 5om, LI FEIEE)
ThH b,

HEBOREERZTOREAEN N EH, LBOBEEK
HicHRBEOMELED S5, MIEEO LR, 6on
X LTTFHEIR0 8mTH 5, FROEEHEIIAM
ZROTERGEEIC L > THEDATVL S, HEHI25
~26@TH 5. HEHLOREEEASHEBICELGHRIZ
T~10Md, FEMILEATRIZI~5E X SICHEES
OFEfICECHREL TV, 12, #HERoBERIN
HAEHTI4~23FBOFMEPEK T B
LT3, HEoRSEERIIZEAZEL TV A
BROB#RARO THICE TRHEREREO—HA1BHAT
B0, EECE->TRERFRELNTICEHONS,
LB LY, 7T i TREYDEZFERICEET S,

H4E5HH (K25B) : FH2 K136, 7T~6. 9nn, RBH
EHBOWEREPSE LoREBERBEF LD, &
(ERBOER) I LIEA ->TWA®, BHlliZFHE
TH 5, ARSOERHRIC LEEES—RICEND, FE
AL TWARD, ANKEIRHETH S, HERIC
BRIKOBY Exvdach, BERECFEEIET. &
I, AEESCdEsHREESEREIN TV, TE#EE
DOFEAHRIC R I N TEICIERFEEIERINT
W3, EEEOELIZIE2~ 3 BEomkI AN,
13~23% B O Ei O W TR o R FIcigRREE,I D
TMERTW A,

2) -2 HHxEdhi ( flexion larva)
HHEAORHETIcB LT EAICBdhh OB ZEIES:,
HAEI0HEH (H25C) : 2KI3FH7. 8m (7.6~8.3

m)., MEENEESOEAIC 1 %) FEEEEGRIC3

whs, EF/o8EE, BEiE BEEXzhThEsksh

H-BEOREICZTATNI~I2 5~6EEOH{EN

th¥ 2, REERKG EACEEBLTED, TREEFE

PR ENFOTEICIZ 9 ~108E0 L3 5. Wik

BEaeiiprERTEm AelES HES, REE

AEELcECHE L Tw A, HIESD SEEIE e
“£{T DFEBELTVALIICRSHh, REfE VIR

BMAERLTWS, COLHLIHESORER 7 01

BEICiEEVEEEZZELTWS, MK FEFLALGNS,

FREE (3 2 AENICABIRICE - TV S,




7 o) o OFEEREICIE 2 AR AR 87
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Fig.25. Development of the pre-flexion (A,B), flexion (C) and post-flexion (D, E) larvae and juvenile
(F) of Sebastes schlegeli.
A:newborn larva, §.3mn in mean total length; B:pre-flexion larva, 5 days after birth, 6.8 mm; C:10
days after birth, flexion larva, 7.8mm;
D:15 days after birth, post-flexion larva, 9.3mm. E:20 days after birth, post-flexion larva, 10.5mm.
F:25 days after birth, juvenile 12.7mm.
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Fig.26. Develoment of the juvenile and the yong of Sebastes schlegeli.
A~B:early juvenile, 15-30mm in total length,
C:late juvenile, 43mm, transverse bands appear on the lateral body.

D:50-160mm young fish. The transverse bands become obscure and irregular spots appear.
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Fig.27. Develoment of the young and the immature of Sebastes schlegeli.
A~D:Spots on the body side disappear and gray-brwon pigments appear on the whole trunk,
turning the fish dark as a whole.
A:120 days after birth, 75mm in total length;
B:140 days, 100mm;
C:400 days, 161mm;
D:550 days, 200mm immature fish. The whole trank is covered with blackish pigments.
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Table 20. Morphological and behavioral characteristics in larval and post-larval development of Sebastes schlegeli.

Developmental Days after| Total length (mm) Pigmentation Fin formation Foods Behaviour
period birth Mean  |Min.-Max|
Pre-flexion 0 6.3 6.4-6.5 | Melanophores develop densely on the head, neck, Rudiment of fin rays appear on the Brachionus plicatilis(230)- Active swimming on the
visceral sac, ventral and abdominal margins in urostyle 260y m), Arternia nauplii(450- surface positive phototaxis,
caudal trunk. 00 z2m) active feeding.
A oil drop of 0.4-0.5m in diameter appears in the
posterior part of heart,
5 6.8 6.7-6.9 Rudiment of fin rays devclop on the
b b lventralanddorsalfinfolds. | &
Flexion 10 7.8 7.6-8.1 | The head, neck and visceral parts appear darkish. | Rudiment of a spine develop on the po- | A. salina nauplii(500 £ m>) Active swimming on the
Melanophores in the caudal trunk develop densely. | sterior part of head pre and supraocular] surface,
________________________________________________ The oil drop is 0.2-0Am in diameter. _________|and coronal spinesdevelop. | |
Pos-flexion 15 9.3 9.0-9.8 | Melanophores develop more densely in the caudal | Three spines of the posterior margin | A. salina nauplii(500 £ m>) From the surface to the
trunk. Disappearance of the oildrop. develop on the preopercular. The bases middle layer waters,
Fin folds evolve as similar to round fans. of dorsal and anal lins become clear | A. salira nauplii(0.8-1.0 T.L.)
2 10.5 9.1-11.6 and fin rays develop.
Juvenile % 12.7 11.6-13.0 Melu.nophor& developed on the anterior part of the | Total number of fin rays complte, A. salina nauplii(0.8-1.0m) Swimming in the middle layer waters.
dorsal lin dorsal X lll-12, analll-7,pectral 18,and Juviniles respond to the slightest sound
pelvic | -5, V preopercular spines and moving
complate. shadows at feeding.
5 148 12.8-16.3 Tigriopus japonicus (1.0-1.1m) _ eggs of | Juviniles swarm to corners and shadow
Theragra chalcogramma. portions, swimming actively in groups
at Teeding.
0 18.5 17.0-19.7 | Striped dark brown bands appear from about Minced meat(juice) of
150 T.L.. Neomysis sp.,
Five cross bands complete at 25m T.L. Minced meat(0.8-2pa) of
Ammodyles personalus
Cannibalism occurs at about
2mm T.L.
Differences of total length
become conspicuous.
0 30.0 27.8-38.9 | The whole body is colored bright brown at 30m T.L. Juveniles swarm to the bottom,
Cannibalism occurs frequently among
30-50mm juveniles.
8 43.0 40.747.0 | The striped bands change gradually to irregular
patches.
Dark brown melanophores develope on the abdomen.
100 53.0 49.0-628 |Gray speckle appear on the trunk of dorsal and Patches of juveniles swarm in corners
ventral sides. and shadowed parts.
Several dark grey stripes develop on the ventral side.
Young 120 7.0 72.280.0 | The whole body is colored dark gre
Irregularly devcloped speckles oolcr the whole body
dark grey.
140 100 80.0-115 | The speckles become to lose their contour and the
whole body appears dark grey.
400 161.0 110-170 | The speckels almost disappear.Individual difference
in T.L. is not distinct.
Immature 200 180-250 | The body appears to be blakish grey as like adult

6
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Table 21. A review of the total length of newborn larvae of Sebastes schlegeli reported previously.

T.1.. S.D. Min. Max. Worker
mm

______________ I 6.1  Sasaki(l974)
b ShmatoriQem)
e BB M e Hoshiai(1977)
......8% oM Akita pref. Fish Expe. Sta.(1978)
______________________ 64 67  Iwamoto(1982)
O e 7.1 Fukushima Pref. Marriculture Society(1983)
______________________________ 65 67 Nakamuraand Saito(1984)
R Sl 64 70 Hirokawa and Hoshizawa(1984)

668 019  Isetani(l985)
&M 02 Y
B 2
&1 02 .
.69 08 ] Fukushima Pref. Marriculture Society(1985)
.15 02 Fukushima Pref. Marriculture Society(1985)
... .86 83 67 ] Nakamura(1886)
. . .. | I 69 ¢ Shimizu(1987) . Y

7.2 6.8 7.5 ) Fukue-sl-lni;na Pref. Marriculture Society (1987)

Mean 6.79 6.3 6.8

T.L.:total length, S.D:Standard deviation.

Table 22. Relationship between the total lengths of newborn larvae and of gravid females of

Sebastes schlegeli.

T.L. of T.L. of larvae Year

Gravid mm examined

female mm Mean Min. Max.
360 6.00 5.7 6.3 1978
370 5.90 5.6 6.2 1977
380 5.90 5.6 6.0 1977
396 6.10 5.8 6.3 1978
400 5.90 5.7 6.3 1979
413 6.20 5.8 6.3 1980
413 6.00 5.7 6.3 1979
435 6.10 5.9 6.4 1979
447 6.60 6.3 6.8 1980
464 5.90 5.6 6.0 1977
471 6.30 6.1 6.6 1981
480 6.00 5.7 6.3 1979
483 6.40 6.3 6.8 1981
485 6.10 5.9 6.3 1980
486 6.10 5.9 6.5 1980
488 6.40 5.8 6.5 1978
504 6.60 5.9 6.7 1980
506 6.60 6.3 6.9 1981
520 6.40 6.1 6.7 1976

Mean 447 .4 6.2 5.9 6.4
S.D. 48.8 0.2 0.2 0.3

T.L.:Total length
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O:fasting, @:chlorella, A:rotifer, A:brine shrimp
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Table 23. Total lipids and fatty acid compositions of lipids in Brachionus plicatilis and Tigriopus

Japonicus.

Brachionus plicatilis

Trigriopus japinicus

Fatty acid B-Yeast S-Yeast Chlorella B-Yeast+ S-Yeast+ B-Yeast S-Yeast B-Yeast+ S-Yeast+
% Chlorella Chlorella Chlorella Chlorella
T-lipid 0.6 1.25 0.62 0.78 1.28 0.48 1.54 1.16 2.32
C14:0 1.8 1.9 4.7 3.9 3.1 1 1.7 = 1.5
15:0 1.0 1.3 = = — 1.5 - - -
16:0 6.0 11.2 12.9 12.3 12.2 7.8 11.6 5.7 9.6
16:1w 7 28.2 18.6 16.6 24.3 14.5 18.9 10.2 20.9 7.9
18:0 3.6 1.5 1.6 1.8 1.4 4.4 4.6 4.8 3.6
18:1w9 45.1 28.6 18.6 24.1 20.7 26.6 24,1 29.6 24.0
18:2w6 1.6 3.3 5.2 2.8 4.1 1.6 1.3 1.5
18:3w3 6.5 9.2 6.1 2.7 9.7 2.0 8.0 2.6 10.4
20:5w3 2.0 7.1 214 21.7 16.3 7.8 7.7 6.6 10.0
22:5w3 1.0 23 4.9 1.6 3.6 = 0.6 = 1.1
22:6w3 == 6.6 24 — 5.3 24.0 19.2 18.4 17.8
Zwil 3.0 16.0 28.7 23.3 25.2 31.8 27.5 25.0 28.9

B-Yeast:cultured with baker’s yeast,

S-Yeast:cultured with baker’s yeast supplemented with cuttlefish liver oil,
B-Yeast+Chlorella:cultured with baker's yeast and secondarily with marine Chlorella for 24h,
S-Yeast+Chlorella:cultured with SY yeast and secondarily with Chlorella for 24h.
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Table 24. Fatty acid composition of lipids in Artemia salina of different brands each contained larvae
hatched out by 24 an by 24 and 48 hour incubations.

Fatty acid Utah USA Brazil San Francisco USA
% 24 48 48 24 48

T.Lipids 2.98 1.56 3.10 1.56 3.02 1.40
C14:0 2.5 2.0 3.8 1.6
16:0 14.2 13.1 12.8 12.2 15.3 14.0
16:1w7 18.6 17X 10.3 9.9 14.7 13.5
18:0 3.6 4.5 33 4.1 5.0
18:1w9 30.9 31.2 30.5 31.8 33.3 34.2
18:2w6 6.6 7.9 8.2 7.6 9.5 8.9
18:3w3 1.4 1.9 25.7 25.2 3.9 3.8
20:5w3 8.0 B.4 2.1 2.8 9.2 10.5

T.Lipids:Total lipids

Table 25. Total lipids and fatty acid compositions of lipids of pollack Theragra chalcogramma eggs and

mysid shrimp Neomysis sp.

Fatty acid Pollack *Mysid shrimps
% eggs Miyagi Akita

T.lipid 1.78 1.14 2.52
C14:0 2.2 2.9 3.0
15:0 - - 0.2
16:0 18.3 21.7 22.1
16:1w7 5.6 2.1 7.0
18:0 2.2 2.3
18:1w9 16.4 13.2 13.9
18:2w6 3.6 1.2
18:3w3 3.2 1.3 1%
20:5w3 221 29.3 30.7
22:5w3 2.9 1.1 0.5
22:6w3 22.2 18.8 11.6
w3l 47.0 49.2 42.8

«:Mysid shrimps caught in Miyagi show wine color against to white of those in Akita.
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Table 26. Survival rates and growth from newborn larvae to 25mm juveniles of Sebastes schlegeli in every
five day period under different feeding schedules.

Days afterNumber of Number of fish/KL Survival rate % Total length am
birth replicates Mean Minimun Maximum Mean Minimum Maximum Mean Minimum Maximum
Brachionus plicatilis
0 6 14,862 4,967 41,667 100.0 100.0 100.0 6.4 6.1 6.6
5 6 11,176 4,133 31,221 75.7 61.7 84.6 Tl 6.7 7.4
10 6 9,651 3,347 23,869 60.8 47.8 79.0 8.2 7.9 8.7
15 2 9,133 4,501 13,764 37.7 33.0 42.4 9.8 9.4 10.1
20 1 3,513 8.4 10.0 8.7 11.1
A.salina * Tigriopus japonicus
25 3,533 1,141 6,211 37.9 16.3 61.0 12.1 10.5 13.7
30 6 3,184 1,058 5,738 31.4 5.1 60.4 13.7 11.3 16.9
35 6 2,806 2,089 3,524 19.0 5.0 33.1
Theragra chalcogramma eggs
35 4 2,562 1.017 3,573 31.5 14.7 57.0
40 5 2,451 947 3,462 28.6 13.7 50.6 15.6 12.4 18.8
45 6 2,035 730 3,166 22.2 29 48.2
50 6 1,763 618 3,130 17.8 2.5 31.0 20.7 16.4 23.6

Table 27. Survival and growth from newborn larvae to 25mm juveniles of Sebastes schlegeli in every 5 day
period raised with Artemia salina.

Days afterNumber of Number of fish/KL Survival rate % Total length mm

birth replicates Mean Minimun Maximum Mean Minimum Maximum Mean Minimum Maximum
0 2 15,809 6,106 25,512 100.0 100.0 100.0 6.1 6.1 6.1
5 2 11,072 4,731 17,413 72.9 68.3 7.6 6.5 6.4 6.5
10 2 3,193 2,882 3,504 36.7 14.1 59.2 6.9 6.9 6.9
15 2 3,193 2,882 3,504 30.5 13.7 47.2 8.1 78 8.7
20 2 3,092 2,786 3,397 29.5 13.3 45.6 8.9 8.5 9.2
25 2 3,024 2,732 3,316 28.9 13.0 44.8 10.2 9.6 10.8
30 2 2,912 2,630 3,194 27.8 12.5 43.1 13.7 13.4 14.0
40 2 1,600 1,457 1,742 17:1 5.7 28.5 16.0 15.9 16.1
50 2 275 140 409 2.0 1.6 2.3 19.4 17.8 21.0

Table 28. Survival and growth from newborn larvae to 25mm juveniles of Sebastes schlegeli in every five

day period under different feeding schedules.

Days afterNumber of Number of fish/KL Survival rate % Total length mm
birth replicates Mean Minimun Maximum Mean Minimum Maximum Mean Minimum Maximum
Brachionus plicatilis * Artemia salina
0 2 16,068 14,307 17,828 100.0 6.3 6.1 6.4
5 2 64,602 115,566 13,637 78.7 76.5 80.8 7.3 7.2 74
10 2 11,704 11,349 12,058 73.5 67.6 79.3 9.3 9.3 9.3
15 2 11,170 11,137 11,203 70.3 62.8 77.8 10.8 9.7 11.5
20 2 10,924 10,886 10,961 68.8 61.4 76.1 12.0 11.6 12.3
Artemia salina * Tigriopus japonicus
25 2 8,878 7,275 10,480 54.8 50.8 58.8 12.9 12.7 13.0
30 2 6,005 4,972 7,037 38.6 21.9 49.2 13.7 13.1 14.6
Theragra chalcogramma eggs
30
35 2 5,333 4,107 6,558 27.9 23.0 45.8
40 2 4,215 2,861 5,568 21.5 16.0 38.9 15.4 14,2 16.6
45 2 3,615 1,799 5,430 24.1 38.0 10.1
50 2 2,386 1,548 3,223 15.7 8.9 22.5 23.0 21.4 24.6
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Fig.31. Comparison of different feeding schedules for survivorship in raising newborn larvae of Sebastes

schlegeli to 23mm juveniles.
A:Rotifer « Brine shrimp « walleye pollock eggs,
B:Brine shrimp + minced meat of Ammodytes personatus,

C:Rotifer and brine shrimp « walleye pollock eggs.
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Fig.32. Effects of different feeding schedules on the growth of newborn larvae of S. schlegeli up to 23mm
juveniles.
A:Rotifer - brine shrimp + eggs of walleye pollock,
B:Rrine shrimp « minced meat of Ammodytes personatus,

C:Raotifer and brine shrimp + eggs of Walleye pollock.
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Table 29. Comparison of daily growth of larvae up to juveniles of Sebastes schlegeli reared by various

feeding schedules.

Days Number of
Feeding schedule ity smeli cuplieates Daily growth amount (mm)
feeding Mean Min.—Max.
Brachionus plicatilis 0-15 6 0.17 0.12-0.21
Artemia salina 10—40 6 0.27 0.22-0.35
Theragra chalcogramma eggs 35-50 6 0.54 0.38—0.62
- Angnia st 0 T R U 0.11-0.21
Artemia salina~ (T, faponicus) 20—40 2 0.39 0.30-0.55
Neomysis sp. * (A. salina) 35-50 2 0.34 0.3170.4? ------
A saling axnd B. plicatiis ¢ -0 2 087 0.22-0.32
Artemia salina * (T. japonicus) 11-40 2 0.18 0.17-0.23
Theragra chalcogramma eggs 35—30 2 0.93 0.74-1.03

Species in parenthes is supplementary food.
T. japonicus:Tigriopus japonicus
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Table 30. Natural decrease during a period of 23-100mm T.L. fish of Sebastes schlegeli reared without

size-selection.

Date Number *Diseased Gas disease Cannibalism Total decrease
examined of fish Number Mortality Number Mortality Number Mortality Number Mortality
% % % %
24 July 1,308
26 Sep. 701 137 10.5 0 0.0 421 32.2 568 42.7
26 Oct. 261 158 12.1 64 4.9 268 20.5 490 37.5
22 Nov. 176 85 6.5 0 0.0 10 0.8 95 7.3
z 380 29.1 64 4.9 699 53.4 1,143 87.4

Main symptons of the diseased fish are abdominal inflation and melanosis on the body.

+diseased:fish except gas disease

Table 31. Growth of Sebastes schlegeli from the period of juvenile to young reared without size-selection.

Days in  |Number Total length (mm) Max./Min. Body weight(g) Max./Min.

rearing |examined Mean S.D. Mean 5.D.
0 50 22.5 1.7 1.41 0.16 0.03 2.8
11 40 23.9 2.7 1.55 0.17 0.03 4.7
42 61 44.7 5.4 1.71 1.35 0.50 5.2
72 9 66.7 7.9 1.40 5.20 1.90 3.6
100 64 85.4 18.3 2.24 12.40 9.70 15.3
130 161 96.6 17.8 2.70 17.30 12.00 24.8
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Fig.33. Changes in distribution of total length of juveniles with a progress of rearing of S. schlegeli with

out size-selection.
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108 EOUEEY

2) — 4 EHEBHER

HOTHEAIh 270V 1 bEfL AL, COREO
HAERE R ER R R R 12(R32). BAHEEEe
E23mmH 5 66mmEDRHI(7/24~9/26) TA. 0TR bE{, h
P EOKEZITIRIL6E1LO0THY, 1=, EEHCRE
TIRTNTN24 6%, 8.6%.9. 1% T. BREICHEVERHE
MET L. CThid, EFEYPNB ICTH~7okiBABA
BRR LI Ik AREOET LBEFRL TV R0 THS
J. Ffo, HEEERSERED S B LS 70 1 Bk
OEEFEHEIZIARIRINC, 1.84%., 2. 2%, 0.5% & HEE 3N,
4 % %
fFaiofE FRE & EHHEEH

FRaMOBEE(L~OREP, £RICRITEE &
Hoy A I oSBT AR RIIERATRESAS
A, BHERED A IVBIZ2WTRBEELTLWEHIZED
3, KAROEREN S, HEHEEROFROBESILD
PG Ta 5L, ABRMEBEEY S KBEELA
LNTWAN, FEAEo L2 TORMIIHERE
R (15°C) @ THicLT+5%C (20°C) E¢2H, -
5C (10°C) KT8HT, MBRIZEERIENC &R
ANt £ HEBELD = 2 COEXHT TRFAIC
L5 CTRONLHIURETHIASNT, 5HE
FTOHEKIRITCRTIRISCR E1IBCRLD L LAH
Mot COTEDCEFOERIZE -T2 CORE
ZAL I EH TN EAGH - T,

Wiz, BEOREEHRS L, 15CICHIF 28X T
3, #EREXicod L TuwFhbEuWERSESG SN TV S
ENS, HEEBROFROERICE - THEEN R
HTHEIEHMOMNMTEINII5TC, 20CTHERERLLT

BEXTAONIZZEHSATDH, HEHICHA~N(E
(EEIEE I EHVEBRAOVWAREE VA S, Lizhis
T, HEEEZ AR HEKEICNE T 5L 2123,
FHORELTEL 2LV EREEHE LTHEETH 3,
EFOISCRBLUITCETR, 74VRETIATE
TETHEENBRIRBETH - 1245 13CRTRTAT
THEOAHU LAGVERNRER L. 13CRICA
SHAEZDXHIUBHEBRRILLETLAT I THEDED
KRBT 20Hm0EVIZEE LD EBbNh 5, F
BRFERICEXTAETIT I THEEBET AH 23C
THERBINTVWATLAVIRERBEDAEICLDEN
AV, KEESICEZZOTHRRBIETELNVW LD
EBbn, 13, 15, ITCROMBER TOAKRBRI
WEFNb10B8T, ZoKE#EETREFOEKRRERKRT
Hote LL, TLVK, TITITRTOERIZE
12, BCE>1TCE>13CRDIE S -l EmD, {F
AT IEE R b HEROKB MR T 2HENEE L
WV, (FRAE COMBELTRZ0LSTRERLE
BARafiEBEO S /E @O T LY, TIT 3
THE BICERMBENFG N &0 S, BERIOZOLS
kA RERBBIEELEIONS,
il %71

15 t O HEERTFHEAETE K LR ATIERH
B L EoEfEENREE L, —EORERNICLS
A - RRICOVLTRET Lc. AR TIRHHAEF#S. 3
mm7 S RIS F TORFOHERI L LT, HER
Po2EImETRILLETAT I 7TOREHKEE, 10
~15mmE TRTILT I TEEEIC, ®BEIcF 7Y 43
A%, 15mLl E TRy b7i%E, ZO®%, 1HHT I,

Table 32. Food conversion efficiency and food conversion factor during the period of juvenile to young of

Sebastes schlegeli.

Term of rearing

Item i i i
Food conversion efficiency(FCE)% 24.6 8.6 9.1
Food conversion factor(FCF) 4.0 11.6 11.0
" Initial 1,308 701 261
Number of fish Final T TTTTTTRor T T T T e T T T T
iti 2 9
Total body weight of fish(g) e — a2 s
Ag)
Number of dead fish 176 178 82
B(g) 321.4 1,200.2 452.0
Number of cannibalism 421 268 10
C(g) 1,130.3 2,358.4 148.5
D(kg) 15.0 9.2 2.9

[:July 24 to September 25,
Il :October 26 to November 2.

II :September 26 to October 25.

Food conversion efficiency(FCE) is calculated by the following formular:

FCE=(A+B)/(D+C)*100, FCF=(D+C)/(A+B)
A:Total amount of body weight increased,
B:Total amount of weight of dead fish,

C:Estimated total amount of weight consumed consumed by cannibalism,

D:Total amount of feeding.
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1. Treaments of wild gestating females from fishing grounds Lo culture farms. and

processes for raising the gestating females,
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I. Treatments of gestaling females unlil delivery

Wild gestaling fermles
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Feeding tanks larvas
M. Feeding schedule and growth of larvae and juveniles.
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Feeding sche-
dule

Fig.35. Folw chart showing

t— Brachionus pli
calilis (0-10days)

(0-30 days)

Sebastes schlegeli.

—— Nauplius of Artenia salina

— Tigriopus japonicus

Nauplius of A. salina
reared up Lo lmm in size
(25-50 days)

(20-35 days)

———— Eggs of Theragra
chalcogramma(30-50 days)

Neomysis sp. (over 50days-)

manufacturing processes to raise 23mm juveniles from newborn larvae of




IV. Treatments for nass production of live food organisms for larvae and juviniles.
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Fig.36. Diagrams of a tank specially designed for the delivery and rearing of larvae of Sebastes schlegeli.
Maximum depth at both ends is 125em. The bottom is gradually elevated toward the center (75cm

deep) to facilitate removal of debris.

When used for rearing larvae, the partition is removed and two screened boards are inserted.

A:Upper view used as a delivery tank. B:Upper veiw used as a rearing tank. C:Side view equipped
with a partition board. D:Side view equipped with two screen boards. E:Partition board.

F:Screen board. G:Side view along the short axis.
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Table 33. Culture condition for mass production of live food organisms to feed larvae and juveniles of

Sebastes schlegeli.

Brachionus

Food organisms Chlorella plicatilis

Cultured naupli
of A. salina

Nauplii of
Artemia salina

Tigriopus
Jjaponicus

Culture system

Incubation for Culture for

Culbure fystem: =~ Batcileomigio  Belchtamigus Thinmisgleiane 3 dave __57days

Place of facility | Outdoor _ Indoor | Indoor Indoor _ Imdoor

Size and number of tank 1KLx10tanks 1KL*B8tanks  1KLX8tanks __ 0.5KLX5 tanks 1KLX10tanks
12KLx5tanks __ : 25KLx8%anks

6KL x8 tanks

Equipment

_Heater Absent  1Kw heater 1Kw heater 1Kw heater ___ Unnecessary

_Aeration Present Necessary | Necessary Necessary ____ Necessary

Lighting Absent 80W/24L fluo. B0W/16L-8D Unnecessary Unnecessary

e Night fluolight

Filtration | Absent Necessary .
Ammonium sulphate Marine Chlorella Marine Chlorella Unnecessary Phaeodactylum trico-

Culture medium Calcium superphos-

a sort of Yeasts

a sort of Yeasts natum, Marinmail

phate, Urea,
Grewat-32
Temperature C _18~22 L-type:24~26 %~28 0 17~22 ] 17~20
S-type:27~30
Sea water dilution 100% 75% 100% 100% 100% Seawater

Density of planting 150~200cells/mf

100~120+indi/mé

100~500+indi/L  460~500+indi/m{ 10sindi/m{

Density of harveste

2~3%107 cells/m! 350~400+indi/mf

500~1,000+indi/1 320~350+indi/mf 5e«indi/mé

Volume of production 2::13 *10° cells/mf 2:5“-‘3.0 x10% 20~30+indi/L 3.2x10 6+indi/L 5 X10° sindi/KL
ay «indi/KL

Period of culture 7~10 days 4 days 20~30 days 2 days 5 days

Cultivable months May~duly May~dJune April~dJuly May~dJuly May~dJune

Maximum density 4107 cells/mf  500~550+indi/m{ 1,400~1,600+indi/L

Method of measurement  Spectrocolorimeter microscope microscope microscope microscope

Reference

Hatching rate:70%
Collection rate
of nauplii:50%

sindi:individuals
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A
Aseptic culture system Open culture system
Preservation of | — | Extended culture = Extended culture —> Mass culture
original seeds of seeds of seeds
%est tube or 2 to 10L flask 0.5~10 Kl tank larger than 10 KL tank
lat disk
200<10"%e!ls/ml— 200 10°cel ls/ml— 200> 10%ells/m]l—
2,000 10%cel ls/ml 2,000%10%el Is/ml 2,000x10%cells/ml
In thermostatic chamber at 20 °C in outdoor vynyl house
about 7-10 days about 10-14 days
B
Preparation for Filtrated sea water Sterilization
equipement parts — | added to the culture | — | at 90 °C — | Cooling | —
and culture medium med ium
|
Planting — Culture at 20 °C = Harvest
Chlorella sp.
G
No.1 tank 0 days
¥
No.2 tank 1 days
v
Seeds for
the next No.3 tank 2 days

batch production

|

No.4 tank 3 days

v

Harvest 4 days

---------------------

No.5 tank for secon-
dary culture

|
Feeding 5 days
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D
Planting
Washing a tank and [ — | Fill the tank with 3/4 — | Regulation of the culture
equipment parts marine Chlorella sea water water at 23-25C
dilluted with tap water
i
|
Seeding rotifer —= | Aeration
Management
Control of — | Inspection of aeration| — | Sampling of rotifers|— Counting
temperature at 9:00 and 16:00 rotifers
|
r
Feeding
Harvest
Stop aeration — | Installation of a net | — | Drainage culture - | Washing rotifers
and heating for collection seawater into the net with fresh heat-
ed seawater
]
A part of rotifers:
for use as seeds for the
Culture with Chlo-| — Counting next cultivation
rella seawater
Remaining rotifers:for second-
ary cultivation with Chlorella
seawater for feeding
Collection

Counting
Individuals/ml.
Chlorella seawater

Drainage a required
volume of Chlorella sea-
water

Installation of a
net

|
v

Washing rotifers
with fresh heat-
ed seawater

Feeding

Fig.37. Folw chart illustrating technical skills on the mass productions of a marine Chlorella sp. and

the rotifer, Brachionus plicatilis.

A:Mass production of marine Chlorella sp.

B:Closed culture system of the marine Chlorella sp.

C:Batch production of the rotifer in four days and the secondary culture with the marine Chlo-

rella sp.

D:Progress of the batch production and the secondary culture of the rotifer.
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Table 34. Trial calculation of the number of gravid females, larvae and tanks to produce 500,000 23mm

juveniles of Sebastes schlegeli.

Division Item Basis of estimate
Target Total length (mm) 23
Number of juveniles 500,000
assumed a 50% survival rate of larvae duing the
Survival rate(%) 35 whole period of feeding live food.
Gravid Total length (cm) 40-45
female Mean fecundity 130,000
Number of gravid 16 assumed the perfect partuition rate.
females required
Estimated number of 1,790,000
larvae delivered
Newborn Mortality in 20
larvae larval stage(%)
Initial number 1,430,000
Density/ton 5,000

Total volume of

19 15 ton tanks

tanks(tons)required 285
Period of raising(days) 40
Rearing temperature (C) 15-20
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Table 35. Trial calculations of daily amounts of food organisms required to produce 500,000 23mm

juveniles of Sebastes schlegeli.

Period Daily a- Total weight

Food organisms of mount of of feed / Basis of estimate
feeding feed day

(  g/individual in wet) day Hm kg
Brachionus plicatilis 5 57.0 17.1  { (5/mf x4 times/day) X15 KL} %19 tanks
G T 0 85 8.6 [(5/nx2times/day) X15KL) X19tanks
Nauplii of Artermia salina 3 11.4 14.0 [ (2/mf*X2 times/day) X15 KL) %19 tanks

(12.3) 10 17.1 21.0 { (5/mf*3 times/day) %X 15 KL} X19 tanks
Nauplii(0.8-1.0sm) of A. Salina 15 43 14.5

(34) { (0.5/mf >3 times/day) *150 KL) %19 tanks
Tigriopus japonicus 15 4.3 30.0

(70) { (0.5/mf %3 times/day) %150 KL) X 19 tanks

Hm:Hundred million individuals
Table 36. Trial calculations for culture of food organisms to produce 500,000 23mm juveniles of Sebastes

schlegeli.
Food organism Periods of Item Unit Yield of Basis of estimate
Feeding(days) culture
Brachinus plicatilis 5  Amountoffeed/day ~~~ Hm ¢ - e —————— s e\
Magnitude of culture | KL 88 (d.4tonxd4)Xbsets
Filter tank | KL 8 Odonx20
Secondary culture _RIKL 2 Q___4_I._o_:3_><__" ________________________________
________________________________________ RsKL 20 4onxb5 .
10 Amount of feed/day ~~ Hm L
Magnitudeof cultrs ] 3 N L L
Filtertank ] KL S DHonXB e
Secondary culture _RFKL 12 4onx3
Rs KL 12 4tonx 3
Nauplius of Artemia 10 Amount of feed/day ~~ Hm w4
salina just after Dryegg/daykse 4 (4Hm)/33xT¢
hatch Total amount of tank | KL 2 17gofdryeggs/L
Secondary culture _RIKL 38 _Initial density is about 30 larvae/m{
________________________________________ LY T
30  Amountoffeed/day ~ Hm 171
Dryegg/daykge 7 (114Hm)/88xT¢
Total amount of ta.nk KL 4 170gofdryeggs/L e
Secondary culture ~ RIKL 57__ Initial density is about 30 larvae/ml __
Rs KL 57
Late larvae of 15 Amountof feed/day ~~ Hm S ——
Artemia salina Dryegg/dayke 4 _ {(4.28HMx100/50) X100/70} /3.3 Tt __
raised Hatching tank Kl 2 1%0gofdryeggs/L
Magnitude of culture Kl 143 14.3ton/day X 10
________________________________________________ The culture needs for 10days
Secondary culture _RIKL 86 5larvae/mlindensity
Rs KL 86
Tigriopus japonicus 20 Amountof feed/dayrequired __ Hm O (= .
Magnitude of culture | 7 - 1,12 _ ((428Hm)/5 larvae/wf] /SK(thinning rale)
Period of culture Day/once 20
5  Amountoffeed/dayrequired = KI 185 TFeedingscheduleA =
Mognitudoof culture = < - 1,850 18Ston/a tankX10days
Chiorella oo Pericdofculture  Day/fonce 710 .
50 Amount of feed/day required ~ KI 229 Feeding schedule B
Magnitudeof culture Kl 1850 18ton/atankx10days
Period of culture Day/once 7-10

Hm:Hundred million individuals, Tt:Ten thousands individuals
R f:Raising tank for the first day, Rs:Raising tank for the second day.
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Table 37. Trial calcutaion of daily amount of marine Chlorella required to produce 500,000 23mm juveniles

of Sebastes schlegeli.
Food organisms Period Amount Amount Amount
of to feed for S.C. for add- Total/day
feeding ing to tank
(day) KL/(day) (KL) (KL) (KL)

Brachionus plicatilis 5 88 40 57 185

10 53 24 0 77
Nauplii of Artemia salina » 10 76 57 133

15 114 a7 171
Late nauplii of A. Salina » »

15 29 86 115
Adult Tigriopus japonicus

15 86 143 229
Total 255.5 483.0 171.0 909.5

»: (1.5KL 19 tanks) X 2
+ + : 3,000 individuals/L
S.C : Secondary culture

Table 38. Trial calculation of feed conversion efficiency
and food conversion factor to raise 500,000 23mm

juveniles of Sebastes schlegeli.

3) — 4 EHERGEONE
BERTARUBICH ik eichE L1

AERERE LR EFEBICRE L. £,

Wy EFEO 70 4 DOKEX(32K]18m, &

Item Feeding schedule

HT0mg & L, AH$E50% (715, 000R) &{KGE

S — & - 1?3 — FhE RMMTRERIR LA
umber of fis nitia 4 2 i s = e
104 individuals T = e D T6 1k, Kic, ZOMOLELH
Body weight Imitial 25 25 BOAINIGERYIA TSk, BTIBkeTH
g Final 70.0 0.0 3%, 7ov4OFHERMOETIZRKIzLS
?;"’::}1 g . 00 00 g EHO-BEHKHETIOT, COBAK
ntative . e _
Total weight of ke =0 o BEROFVIC0%CHEEINILBEL THAT S
dead fish ) - &, EHEERYEL JUEARFRRIET TS
Increased weight kg 76.1 76.1  BEFAM.2%BLU6.6, BA13. T%HB L
Total amount of ke 839 oma UT3TLMof LEAST, FHEMOER
food EREEED S HICIIEEHOXRME S
Food conversion % 9.1 8.2 WAL EEEMAEEICHOARESRE
el . EHBIEHWENERLND, BIILYO
Food conversion 11.0 12.2 & i B P
f&CtOI‘(FCF) ig‘uﬁ‘/ﬁ‘tbéy = I/'?a), r)!—\/‘uiﬁ”’%

FCE=(Increased weight/Total amount of food ) * 100
FCF=Total amount of food/Increased weight

fiEHEE R AW T 5 2 & 35 ROIMENS
fAARERED LTHERERRBEEL oN S,
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Production of alginate oligosaccharides from a unused seaweed by
ensilage fermentation at low temperature.

Kohji EBITANI*2 Tadashi OHORI*2, Haruo TAKAHASHI*?,
and Yoshio EZURA*3

Changes in bacterial flora and chemical composition of Costaria costata during storage at 5 'C were
examined to establish an efficient condition which could produce alginate oligosaccharides by ensilage
fermentation at low temperature.

Also a purification of alginate oligosaccharides which were extracted from C . costata stored at 5°C
for 14 days was investigated by membrane separation processes.

1. The number of viable bacteria under aerobic and anaerobic conditions in C. costata stored at low
temperature reached a maximum value after 3 days storage, and then maintained a constant level

(10'~10°CFU/g).

2. Flavobacterium, Cytophaga, and Altromonas dominated in the initial sample, and were 26, 7%, 20. 0
%, and 26.7 %, respectively. After 3 days of storage, Vibrio which had alginate - degrading enzyme
replaced them.

3. Alginate oligosaccharides were detected at the 7 days storage, and those amount increased for 14 days.

4. By diafiltration using both ultrafiltration and low pressure reverse osmosis membranes, a purification
rate of alginate oligosaccharides was increased from 17.3% in ultrafiltration to 75.6% in the 4 th
concentration.

5. In this study, 42. 5 g of powder containing alginate oligosaccharides was obtained from 3 kg of C. costata

by membrane separation processes.
F=T—=F KBV L—UFBE, TAF A Y T8 Costaria costata, AP A, BESBEE Vibrio®

FAINZE WhWw2HilEsTh b AT A (Costaria costata)
TARXIA A (Alaria praelonga) 15 ENEH L { B

EHRIGER BRI 7THB+4 3 2 7 (Laminaria L, av 78258358, 30 7OEENRELL
angustata var. Longissima) O KRB TH 5 H, R L TWB, ZOfd, BEXIGICKAED Ly THRIB

&S A254 (1095%E9 A11HSHE)

* 1 AMEOKRERTR 6 EEHAKELRILEELHMMES TOERRE L2,

* 2 AbigEI RS KEREEHE (Hokkaido Kushiro Fisheries Experimental Station, Hama - cho, Kushiro, Hokkaido 085,
Japan)

3 dt@E RFKEFHMENFME(Laboratory of Microbiolegy, Faculty of Fisheries, Hokkaido University, Hakodate,
Hokkaido 041, Japan)
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M EFEFRTLS,

FICEESV IR, ChoRNBBERICEITILF BN
20~30%EFENBEEbIC, BEEERMOT FEBKE
(5°C) 54, ToOBUKMBKICES TFTOTILF 8
Sy (TLF UBRA ) T PERTAEIEEREL
Too B0, TOTIIFUBA ) IEICET A N
BAITDN, BEERY PIELBDHERY L&
BHEHIHEIh TV 3,

ARRTIE, RABABEISEBY A L —IURBICL
DT IIF AEEA Y IR RN ET AEHERET
Arzdiz, 5 CTRIBEE L2 2 A RHhOME
HoOZE(LE TILF VB E ORSZ(E & O EM: 47~
1zo F7o, BIRRICHIER L7 2 2 4 O#okifbiEh S5
RELICE BT LF LBA ) TREOHRIERT L.

MHERBRA &

1. ERFERY X (CHETSHMBERVEEES ORI
1. 1 fimsEs X O

199445 B, #IBETHEEZR TR L 72 2 & 4 (Costaria
costata) RKELTHW, RI A ZEFINEDE S
F150g 2 H ) =F L o8 (17X 24em) IZANEEHL,
5CThrE L 7o, e Z—EfiE (0, 3, 7,10,
UHE) IZZhEThBOH L TR L7,

1. 2 WEOYE - EEk

REMICEE - HENICER L TEE%, 10EBOTS
%ME ATk (ATL#gk#lrk : NaCl 30g, KC10, 7g,
MgS0, - TH,05, 3g, MgCl, * 6H,0 10, 3g, CaSO, *
9H,0 1,3g, REKL 000m) ZMATA b= v H—
(Colworth®) TIHE+ES 4 X Ltz, ZORHK
A% HEALBKCHEBEIVEFRRL, 0.5%T7IL¥F v
B+ b U7 LGN L 7otk E Zobell 2216 E K54t (£ 1)
X7 b2 5g BETF20.5g, BXI15g, 5% AL
7K1, 000mf, pH7.5) T L0 Imdd>REEKL,
FSBIRETFTIRIBTC, TEE, HARy 7Y AT A
(BBL#) ZHWHEIANEHFTIFISC. 10D
EBRET- . SEBREHTICBVWTE U RERELT
WUARMBAERH Lic, o, ARMHER FaEs
Lrciith it U0 SIMEAICI0EE 2898 L
ERERTHEMS A 2 O VE L, HEEEkRES. 2

B IIE L VIS0 75 LGk, EEE, HEERE

BOHE (MOF ), A+ 4 —F, A45—+,
BHESE, TAF UERSE ORI oFk) BEEH
~fz, ChooREMHRICL D SEELER S 0Kk

ICHECTHBEE L.

1. 3 ARk of|EE

AR & EECHE ALY, pH ., VB - NE#IEL
fzo F7z, HAEHCI0fEBOBEKENMA TIC, 305/
ORI E 2 BT - THHRZ 87, Mk o.E7
/BB FY 'Y, BRI} Somogyi -
Nelson i£&'", TIA¥ v BOWMBETHE Y0 VBE
(277 b3 — LR E D Galambos k'Y, T ¥
YEOSTRAMIR, BRHEEARTS'Y ofkicHEmL
foEdgtk s o< 7374 — (LI'F HPLC) 2k
B4 LB THEE L7co 158, pHIZH 5 A 8BiGpH A —
7 — (WM -8), VB - Nid4 %BERRmNGE D
v oA OWMBEITEFEICLDAE Lz, £/, HPLC
HERUATREERISR L,

EE EEA 7 HIE55A —12(L —5000 LC
Controller), RIGA > 7 : HII655A — 13, FEMH
%% BHYF - 1100, ¥—% —QFEE : 37D — 2000
S EE 15 4 BALEK Asahipak GS—220HQ
(7.6mm T DX300mmL,), 715 LMEEE : 60°C, Ak : 50
mM ) R (pHT.5), BUGHE : 0. IMF hFH D
B )L, 20mMy a7y, |mMASBIY
FEEF b UL (pH10.5), EHHEE @ 0. 25mf/min,
BGHgHo#E : 0, T0ml/min , RUSEREE : 150°C, BUE 3 A
o AT v b ARF 2a—7(0.5mIDX 5mL, BiliEE :
Fhd# F320n m, HIYEH 450 n m

2. EaEECLEZITNEVES) JBROBEY

2. 1 RSSO TR

HREZ D A (19935 6 B, SIRETHHEAIRED 3ke%h
oA ) nF LB AN, 5 CTI4E R L7k
HilsC & [EIERIC10fE RO 7KE/K TI0C, 3053 DB kilH
Z 2 [EfTUV it 2182 COMBiEE T LSy 7 —
E R (UT 28980 BEoEEEELZR VT, RAR
#@ (NTU-3250C 1R : S3EISF& 2, BIERRE
0.4nf, HHEEL) 27\, 1§ 5N/ &8k % R/ E8
7 Rl O (o

2. 2 (BE¥EEEOW

AR O RAL AR 2 FREA SR EEAEE (TN
7H—EAHBRO - 38 ZHWT 2 O EEYR
ERE ( NTR — 7410 : &35FHIEH10%, NTR7450 : i
PHIF#50%, & bICHHEET) Ickbi@%, FRICT
A7 —F —[aliEE], 000rpm, #RIEHE F110ke/cof D4
FTTii-otz. tidb, Mt PRALEEIR N O EE
& Bi i > W THIEE® HPLC (2 L 24 Lk T
ESHOZEBAHIE L1,
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2. 3 BES2-IMILATLFUEA) THEOES
BEasEicLs7 ¥ o EA) TEOHE 7o0—%2K
VizR Uiz, Bl oA EHHE THE ( RUW
- 5%) MAEEAERHVT, AEHEIER50%OEF¥E
BEME Y 2—JL (NTR-T7450 : HXhiEm#E 1.8nf, H
HEBT) ik, 4RF—YD¥1 Y740 Lb—¥3
YE'WICK AR EIT o1 ThbL, 1 AT —
U OMREREAS. T~A 5SS A2 E TRBEZTL, Z
DA L OFFKEBRBFML, ROAT— TV 8BE
ETHIETTAF A BA ) THEOENER -1, BE
ORI RITI05°CTORER RE, K53 13550°CTOR
{biE, 4, =v=b—), BT/ 8 Yo UEO
ERRUTLF  BOSTFRAGOME T hEHAES
DHEIZLDIT-1. ik, TLFUEEAY) TEIIY o
VEEERO S, TAFUEA ) TEOHUEY S IRERD
DERFBOGEF M SETNTRER L.

= R

1. ERFEDPICE T IMEERVILERSDOE(L
1. 1 HEHEKRUHEEEOZEL

(KBEEER Y A DEBEHOZLER 2 IR Lz, B
FRtEFF D AREIE. HREEET2. 5% 10°CFU/g. BX
HERT2L4X10°CFU/g LtRIBETH - 1208 KFE3H
BizizxHh£H9.3x10'CFU/g, 1. 1 X10°CFU/g (1%
mL, A&7z, LAL, TEHICROERE bE
HEN L L, TORBFTIEETIOCFU/g LN,
WTIERTIO°CFU/g LNLEZ#EL. F/1 R
M ZE L THRUER ICHRESEECOLRERE L
==Ll @iz R L1

EREE R Y A OMBZELEZR 3 1ok Lz, ks
BficB\W T3, Flavobacterium J&, Cytophaga &,
Alteromonas BN EFNEN26.7%, 20.0%, 26.7%%
GHTWZA, @3 HH 7THHIEEERED
Vibrio B%%60. 0% LI L& SHESEE L -1, Lol
10HBi2iE Vibrio RO &1346. 6% 12@/L L. Pseu-
domonas &*° Alteromonas BAEMER %R L 7.
F7:, MBBIZHBWTIZ, Cytophaga B Acinetobacter
B S oMENBUEmL 7.

SBERFOTLF CEABREOHERBIEER 4 1R
Ltce TILF B RER IR RIARGRYA46. T% T, O
9 HD66. 6%H Cytophaga & & Alteromonas BT ik

BTV L L, i 3 B EICIZOREEH96.T% & 150,

LD EDE9. 0% % Vibrio J&, 17. 3% % Aeromonas
BT, Cytophaga IR Alteromonas BMOK|E (2

YLz, W THBLBOT LF L EAREOHIS I,

63.4%. 50.0%, 40.0% L XBIc@WD LI, TALF
B HAREIC 59 B Vibrio BOBIE BIERICE L, &
7THEH9. 7%, FEI0EEA80.0%, FEI4EHETRH
58.3% TH 70

1. 2 {eFERHOZE(

BEEE AT A1I2BF 5 pH LU VB-N &Lk
Ui sk 7 2 / BEoZ(LER S5 ISR L. pH,
VB-N i3& bick@ s HEETRE (L, pH 3
6.5M55 22/ L, VB-N (3#1(25 8ng / 100g 5
T.lmg/100gicigmML7z. LAL, 3HEEBEZE bIC
KERE(LZRONLEDh -7, MMHHOEEET 3 / Nl
(2. 108 B FTEPHIEMEREZR LA, 4BEIC
iBEb Lz, iiEoBEsoZE({L2Ee6icxLiz, 7o
CRERIZ, BPREBLLEE25. 2ng / 100md TH - 127, B
kD 3EENS THHICAITARZ (ML, £heE
170, 1mg / 100mf, 108.2mg / 100mTH ~7=. L L.
FFE#E¥o108H, MHBIZBWTIR, ThThi2l]
mg / 100mf, 125. 8mg / 100mf & f§(F VIREETHERS L 720
BRI 3AEET I/ 100lIEETH 1248, %
NLERHAICHEM L, 148 Bi21333. 3ng / 100ml & 7135
h, vosiEROZELE IR SEEHET L.

HPLC 7 0= b7/ 5 LIck BT ILF L BOSFES
HER 7 ISR LA, BE 3 BB TOMMED S (3FRHF
BT~ 18D &S F7 ¥ L8k & (RS8035 D=
Y= bh=LD2 E—2hRIHE A, THEISERS
D2E—7OMIcEHFIcdH>DE—7hHEh &
E—2&bl4EEHZTHEMLA, CO4E=271, Yo
RS ErHEROBSEHSHAEN S ~13DTILF
BiA ) S EZ SN

2. BAMEICLETIFEUES Y RO

2. 1 (BE¥RBREOW

i e, PR AL i R O ¥ R 0 T i
HPLC 7 o= + 75 LM 8 1TmR L1z, flithilh S
TILF o EAY TBEOMICESFTILF BiEw=
F=OE—7 b aniod, RARERICIIES T
TAL¥  BOE—7 3R hiih -1, £ RIE
PHIEE10% DB %3 :EE (NTR - 7410) ok 5.8
B3 7TILF oEA)ITEEz = bP—LD22D
E—2aRixh/zhy, AEREIEER50% OEESRER
(NTR-T7450) Ic Xk 2:BBiici3, TLF AT
LI NT, v b=l F—77E0MBHEN
fro COZEMD, TAFUBAY TEEEST A2,
A PH 1350 % OEE i BMHAWE L TV 5 T EAHS
MERY, WIZHEEY 2 —ic kAT ET- 7
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2. 2 MEV2—IITEBTAF A THOH

ZEBRFETORBHERICH T 58EHD HPLC 7o
b7 LERITR L., RRGROT LY V84 T
BOE—7ICE (L3RS ED -, =0 = b—1D
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I BBEHRTIESEEZ TED L,

SRBEROT LF LB+ ) TEOEUHEEFI0ITR
Liz. BEGoERIEE %7 /8 < =1
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LiChrEI O, 4 BEETIF20.3%, 3.3%. 0.9%F
TED L1z, Chickb, 7IFUEA Y TEOERE
GirmEL, BARBRETIT.3% TH-1-00, FH18
R, W2REE WIMBET ThTh3 0%
51.4%, 66.3%, MEZXTF—OF 4 BEKTIIT5. 6%
Thote, £z, ZOH 4 BEROBETRICE D LR
AT A kg BA2.5g DT UF U BiA ) THERH AL
BEZEMNTER,

% 3

KRR B 2 MEHER O LFER S DAL
Bitho'” BAEMD L 7OX0CHRICEWT, BEE
micH b« BEOBEEP D L TRtk 3RIEEES T
BOMMARH SN - EERELTVWS, £l
29 A% 5 COREBEEL-AXROERTIR, HED
BROFLEPAREZED OIS, FEDICEEFICESE
NA7TLFUoBONERIZLY, ZEBOTLF U EA YT
EhAERIh, Fhoo®REBREL-TWLW, 2O
CERFEEEICLVEB LU IHBEHENRIE S
EHEXNS, +1ibb, 5 COEERBICLY TILF
CEEA ) TEXEREINZ0R, FEREECEEED R
KEBBEELIS, TDH)BDR%LLE% Vibrio BP
Aeromonas B EDTIILF L ERIZEEE T 4 2E %18
S[HEXEHE LD S, INSTAF U EIBEOK
BHEBICLEZLOEZI OGNS, £, TLFUEAY S
BoEREHE T HHUBICEE D MAEZ TEMT 5
e, Sk EEBY AL — ORBRC LA EMBEN
LOTLF B4 TEOSEEXEZBE, 5 ChHE
TRUBMIEEOEBXLETHEEEL N5,
BEEOMIMESED | DTHATLF L HETLY
VEEA ) TREICHRET A AL LTI TF LR
EEFR A OSSRk P mES Y oM B HEEZ RT3
HEAHED 'O ' ZhTWE, ChoOMEICH~
AR 4 WA A KR 1 L — U RRBIC XD T
FUOMMhOTIF VA ) THEEET S G, R

KB TELRNF - SETHELBbh b,
fofl, AETRERLZEEOMFHFHHEcTILF
B REHUEES B 725, IRHUBATPIRHEHN, = 5
WEOWEL X2, TAF  EMOREOREE'"Y 'Y
PTINF U BOSRBICLERFEAHNRIES Z L05E
Aohad, £2T 4% TAF¥ U EBOYHENLFRRIC
25 —5—¢ LTCEEOTLF  BEAEEOENE,
HioARBTHONLTLF U MAREHOE Vibrio
BHABEOENFIHEZRAT 2LEND B,
fEyMEEIc L A7 LF VA ) TR

PR/ B AR & (SR AR O IC & 2RSS EEEIC>
WTIRY YTRHORE Y Ph 7 78R+ 20
HlE " LE~ORANREIh TV, AARICE
15, BaMECL3EEMHENSOT LY U BA Y
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BIENBHOMENR T, 51T, JOMRAMBIEER
HEPH IR 50 % OIEEWEERIC L A2 BRMIc kD, <
Y= =N HFEOBG TR ERELLEN ST LF A
) A BEERTE A LIS R 1, Sk,
BEOBEEIC L D I SICHERIGO/VWT LF LAY I
BEBaroHicid. BBIENOMRNERENSLETH
5, LirL, AABTHO(EESRERIHBETH
D, BATFRBORTH 4 ZITMABEIC L - T HER
SExh, EOHIERNFTOREICKFET AL EDH
HE*V 2L TWAZLEEET AL, ZEMRMICK
HEEHOMBROALBREICE. | AT -VBBOEERE
EIERTHTS & PHAHBO pH W/ 15 L%
AW ALBH DB,

| #

APFFEICY2 D, EHERL STICEBS Wi nwidt
E R KE B EEWF R U FEEE K
LveBilBE L EiF3,

E 3 #
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A1) TREESEANCEET ARUERET B9, 5°C
TIEREE L 72 2 2 A AP OMEHO LB R U T V¥
VEER EORSELE O Uiz, 2, BBk
L0 5 CTURKIE LR Y A DMHE»S 7 ILF
B4 U THEORRIEZ R L
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UL R S b 3 HEICRRRE TS - ey,
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1 otfs
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AbskaERmrE 47, 139—142(1995)
Sci. Rep. Hokkaido Fish. Exp. Stn.

INGHEDBIFICHIFT BRI IT7THIED

EIE DS H (EHR)

RIEEF", BAE—

Distribution of pink shrimp, Pandalus eous around Otaru Bank

in the spawning season

Keiji MAEDA*and Shuichi NISHIUCHI*

FLoIc
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