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Basic Studies on Searching of Prawn Seedlings (Penaeus
Japonicus) after Being Seeded into the Sea

YosHINOBU YasuNaGgaD anNDp YuichHr KosHiisHib

Abstract

Ecological observation on prawn seedlings, Penaeus japonicus, released into the shallow sea area
facing the open sea was conducted at Igarashihama beach in Niigata city, Niigata prefecture. It was
concluded that most of them didn’t move so far from the release place and were caught by predators
in a day after release. Remarkable predation was done by juveniles of plaice, Paralichtys olivaceus
(5-15 cm in total length). In addition survival rate of released seedlings was caluculated on the basis
of changes of captured number after release.

Then seedlings were dyed with neutral red solution to test the tagging method. The effect of
tagging by dyeing was recognized for five days in water tanks and only one day in the sea after
release. Influence of dyeing on behaviour and survival of seedlings was researched in the laboratory
and it was ascertained that the burrowing ability and survival rate of tagged seedlings was inferior

a little as compared with those of non-tagged ones.

AN AN RSB 5 7 < = CRENOINT £ 722 F DR E I I o Tk b, i
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1) T951 FETIKEAT 1 T H5939-22  H AE KK ERF52 AT
(Japan Sea Regional Fisheries Research Laboratory, Suido-cho, Niigata 951, Japan)
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THRE L. BEARCISHOBAV5miE, NRE2mOERMEEFERAL, 1.5~2/ Y b
DEE THEARMNCRM L, FAEBITEIR A O ES 400 m, 4 400 m OKE6m) ¥ TEL
Fo. Fio, FAEEPNCYRERLE SMETTIC O 100 mERE O/ &, R L IRIFEIT T
O\FoKEE 2 m (BEEEFI100m) , 4 m ([ 200 m) , 6 m ([F 400 m) OEFELETTEL T vy
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800 m -
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Fig.1. Release place of prawn seedlings (R. P) and searching area of fish as predator.
The thick line indicates the sampling area of seedlings.
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7 A = R AU RO AR 2 S b 517 10 FIRGAR: (DU BT d) £ TofR
EHMO6 HRITL2T3RTH Ok, 2D 5, BIKEUKEIAL 4, 261 T2 099. 7%
it —HRERKIE S SRRy, B0 A£4100m (D, ERX), KEO0~2m (I
[X) 734,174 BT99. 7% % fiddre. RIZE UD EKEO~2mETH 4,268 & £99.9% %
B, 2~4mTIE3R, 4~6mT2R LML THOI (H1H).

B1F IR ERRAIERD s L ORI e 7 /L= = CEE T OIREFESL
Table 1. Number of seedling captured in each block of the searching area after release.

Time after I. 0~2m II. 2~4m III. 4~6m
release aBlc| D | £ |F|c|u| Totat|a B|c|p|E|F|6lu|5] |a[B|c|p|E|Flo|H[E)

Before release ‘ 0 } r ’ 0| 0
30 min 41 1,353 28 1,422 i 1 1 0
1hr 34 1, 356] 269 1,659 2 2 0
3 5 556 472 5 1. 03¢ 0 0
6 | 3 2 66 94 \ 0 ‘ 0
10 11 25 ‘ 36 | || q 2 2
24 § 1 || 7 | ‘ q 0
4 days 3 % | 6 i ‘ ] 0 0
17 B 6 | 6 || o 0
Total 83 3,307 86710 | | 4,268 IRREREE 2

B OFIIER (XD &R (Y) ORI, IR &5 &, Boi#l0~
24 % 2 5 & LT, Log Y=3.356—0.188 X (Ifif) & Log Y=0.806—0. 0029 X () D 2
DOt AT B ORFEN LA I e (6 2 X).

iy, PRI CEAE S BT 14 958 e Th o, o L A RED Lm0 DN Y
P VADAME, RTEIFIADBLRE, rryv s v aD 1 RTH O (2L
B34, I, UM T HRENA LD L LA, RGCTHUERE, FUEL, WO &
Teots (B4 4).

IhHD S HOHORE G E LTHLENEYHRO 7 v~ = e B OBFRLME L. £
7o, B> TR ITRA COBREIRC OV Th ARSI, o M & IHMEE D
Wy~ = IR S R e o, FERIREORELD 5 B T4 P 7 T E ofiE
Fivc 2 v~ = SR AMER S e, BRERE S RU Lo cogfas (EigzmialTws
BERERED) 2e 5 22021.3% b0 &b, RWT~xED26.7%, 7% 7 7 D14.3
G riEix, AaF, =7 CFOMS AL ROBALRD B DO (F5HR).

WKL 7 A~ = CHE O MBI D% 027 0~ 2 mE TOFELCRD &L DAL 2 f5
PRI L T 2 HU8. 6%, 77 7H0.0%, <=~ T30.8%, THOI.

COYSCHERNB IUHARO SN b 7 A DAEERPEETH O D ELICL T A
DT EORAREE, B NAEWEL A RSN RD, I OBT) - 54k X OMEE & DR %
HERaNy
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Table 2. Species and number of fish captured in the searching area.

Range of total length (cm)

Fish
T.L=5 5>T.L
individuals
Sasaushinoshita Heteromycteris japonicus 419 604
Hirame Paralichthys olivaceus 243 0
Kuroushinoshita Rhinoplagusia japonica 114 43
Megochi Inegocia meerdervoorti 44 193
Mahaze Acanthogobius flavimanus 38 1
Maazi Trachurus japonicus 20
Kusafugu Fugu niphobles 18 6
Kisu Sillago joponica 18 385
Youziuo Syngnathus schlegeli 3 0
Nibe Nibea mitsukurii 1 0
Akakamasu Sphyraena schlegeli 1 52
Magarei Limanda herzensteini 1 0
Nezumigochi Callionymus richardsoni 1. 16
Akaei Dasyatis akajei 1 0
Other fish (6 spscies) 0 33

Individuals
10,000

1,000

100 -

Number of recaptured prawn seedlings

- 1 |

LogY=3.356-0.188X.(X:hrs)

LogY=0.806-0.0029 X(X:days)
.

B ° °

| 1 1 /- J
p

ol 3 6 10 hrs
Time

J
I 4 7 17 days

ofter release

E2R RS RARRE S 7 L= EEE OFHRROEGR
Fig. 2. Relation between captured number of seedlings
and time after release. i
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Table 3. Species and number of fish captured in
each depth of the searching area.

Range of depth (m)
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Table 4. Species and number of animals
captured in the searching area
except for seedlings and fish.

Fish
0<~=2 I 2<~=4 ’ 4<~=6 Captured animals Number
individ. .
Sasaushinoshita 289 65 65 Cephalopoda | Sepiolidae 558
Hirame 141 69 33 Loliginidae 5
Kuroushinoshita 89 21 4 Penaeidae 9
Megochi 11 24 9 Sergestidae 5, 588
Maha.ze 31 7 0 Crangonidae 18, 227
Maazi 20 0 0 Crustacea Portunidae 134
Kusafugu 5 10 3 Squillidae 46
Kisu . 17 0 1 Mysidae 36
Yf)uzmo 8 0 0 Other families 242
Nibe 1 0 0
Kamasu 1 0 0 Mollusca Gastropoda 16
Magarei 0 0 1 Pelecypoda 1, 621
Nezumigochi 1 0 0 Echinoder- Clypeasteroida 3,472
Akaei 1 0 0 mata Spinulosa 16
Sasaushinoshita
%
60 ]
N=409
40F
5 Hirame
L * “ Kuroushinoshita
N=230 °
20 20 20 ] N=108
g 0 M ™M
& 6 8 10 6 8 012 4 16 0 12 14 16 18 20 22 24cm
%l [
9, Mahaze Kisu
40 r - 40 -
| N=37 Kusafugu | N-=18
%
N=18
20 20 20
°% 8 10 6 8 o 12 14 16 8 ° 6 8 0 12 14 16cm
Total length
%3 RERE CTRES N EEABEOLRML (5 enll E)
Fig.38. Histograms of total length of main fish species captured in the searching area.

(T. L=5 cm).
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Table 5. Percentage of number of individuals which ate seedlings among total numbor of each
fish species captured in the searching area.

a. Number of cap- Ev'hli\?flm:tir tawn b _x100 %)
Range of o seedlings
total length Fish Range of depth (m)
(cm) 0<]2<]4< 0< [2< [4< 0< [2<]4<
l ‘ 1 [ Total | l [ ! | Total| [ l ! | Total
- =21=4]1=6 1=21=41=6 =2 |=41=6 )
Sasaushinoshita 147 29 38 214 3 1 0 4 2.034 0 1.9
Hirame 72 47 20 139/ 35 3 O 38 48.6 6.4 0 27.3
Kuroushinoshita 52 13 2 677 4 0 O 4 7.7 0 0 6.0
T.L>=5cm Mahaze 13 2 0 15 4 0 0 4 30,8 0 0 26.0
Kusafugu 6 3 14 2 0 0 2l 40.0 0 0 14.3
Kisu 0 1 5 1 0 0 1 25,0 0 0 20.0
Kamasu 0 o0 1 1 0 0 1| 100 0 0 100
Kisu 54 7 5 66 2 0 O 2l 37 0 0 3.7
5cm >T. L Kamasu 25 1 0 260 2 0 O 2 80 O 0 7.7
Matudai 12 0 0 12 1 0 O 1 83 0 0 83
FEOER RERGEIERL s T M AR Brc e 5 A DR

Table 6. Number of juveniles of Paralichtys olivaecus captured in each block at each

time after release of seedlings.

Time after L 0~2m L 2~4m | Il 4~6m
release A|B|c|p|E|F|c|H| Total |a|B|c|p|E |F|G 1| Total |A[B|c|p|E|F|6|H| Total
Before release | 616/ 12 | 6
30 min BREEE 14 3| |
1hr EREEE 12 2| 3 |
3 BEREEE 1 5 7] | |
6 4 4 2 12 5 |11 | 2| |
10 425 1 | 7 ] E!
24 2 32 2 o || 4 | 7
2 days 6 |2 2' 3 2 4‘ o 19 |
C e |
SR PEARSE AN i
17 ENENER |
Total 20 o827727 14 | 159 | ] 63 ] 2

b A REREE KEINCA S &7 v~ CRHOLA LFRIC0~2mETE D E$ %<
HIEXNTI28 K, K\T2~4mD63kE, 4~6mT2RETHO.
4 HH, 170 HIXBERIRD T I8 700 240 I IR E 3

7% REAE L& RIS A 7o,

%7z,

0~2mJgick
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Depth O~2m
" 0~6m

24 4days 17
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Changes in percentage of number of individuals which ate

seedlings among total number of each fish species captured

febon, flixl~5RBofEEATSY
O REVERZALRIEHD (6
%).

LT AD 7<= EEARKIIRES
DEIC5.9% L ERA LIZ LD, 18H
HD52. 9% MKk ETe b, DARE10MEH]
#% ¥ TI26. 1~84. 4% DHFEFI R B2
7o 4BFRIBIC D E\VWDE XK 0%
Ly, DBEEARYFIC 7 v ~=¥
TR bhin feofe (H4K,
BE5X, #6K). KENTIILMME
HRLO~2mBH48. 6% LbDoL D
B, 2~4AmETIL6.4%, 4~6
mBTIX 0% LRI DI ONEHE
A LTt 7 ey 2 BlCikik
WEAEALI00mD D, ERNAEDED
L, RTCRERDT W (35
%).
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Time after release
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Fig. 4.
at eachtime after release of seedlings.
50°/.
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S
20
o1
o 1 1 1 | I &
0 30min  Ihr 6 10 24 2days
Time after release ‘
FEOR FURBRERREE 7~ EEE R E AL
Twdt 7 2 ORERKITHT 5RO
Fig.5. Changes in percentage of number of individu-

als which ate seedlings among total number of

juveniles of Paralichtys olivaceus which ateonly .

seedlings.
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Stomach contents weight per body weight

1 1
30 min | hr 3 6 10 24

Time after release

%6 A RSRRRI & 7 L~ EfE 2 BT L
Twd b7 AOREY D FHEMERORR

Fig.6. Changesin stomach contents weight per body
weight (wet) of juveniles of Paralichtys oliva-
ceus which ate only seedlings.
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Stomach content weight/Body weight

Az LS, &R 8 ~17nd
fEfk CHEY Y BNRHEEOMEILT
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TR ARE L &b BT AERA
CHBHH, ZOBAESHEBEMECZL
{45 7.8~183en TR U< FOEILF
B3.1% ThHho1 (BE8XN). KL,
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== AL S 2Tt 4
~6%IE—=FBBHHLDIEHL, 7V
~=EStoERED A Lice 7
ATIE0~2%CE—FbhD, &35
AMZ A== CREYMOER X VL
CEETHHAIRIh T (B9
X).

b, I 2DpMEEKED LI
BRI RD B &, 100 m B H D
B & LTHRIRHNZ 0 ~ 6 mE T\
hd 3R THOR. WIK300E, 18
Migo 2 ~4mETIZL. 58, 1.3
FREDHA LT B2Y, TO#HIT0
~2mE2~4m@, LHbREDK
xR, RAEMNHEEZBEC0~2mE
1390% (S HERIPH ©2. 71£0. 538, 2~

4+ °
. Y=6.4051-0.2262X
° ° .

o
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FTH e7202RIGEYLY)BNENERD Bk 71~=CEEZHRALT

Wi WA DEERHEWIZ oW T

Fig.7. Weight of contents in the stomach of a juvenile of Paralichtys olivaceus
which ate food animals except for seedlings.
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Fig.8. Weight of seedlings in the stomach of a juvenile of Paralichtys
olivaceus which ate only seedlings.

4 mBI2.38+0. 59 & 7o ot 4~ 6 mBIO\WTIERBIDE D T E & D Hffi 7o g
ETERCD, BRBIOEREITE 5 B &V 5 & EE R Lo d A FE 2. 92+1. 53
LD EIEFVEELLDOTWES (BTH).

WL 5 2D 7 v~ CREECHT A EY B ABWHBIR LA L. £iH%2E U
5 ET NS5 0L EL, RWT =L van20.1%, HFAaDI4.3% &1
D, 7o~z 314.0% Thote. 2L, BRIC 7 <= €0 bitiis S10B R
RoTihiug, BB T7 $5857.5%, =€ v =17.2%, #FHa85%, s r==v30.7% &
th, ZA==ER7 IHCRWCTHERLRE oo Twis (8K, #10K).

BTHR URERERES] 3 KO KRR 72 100 m RS D & 5 2 RERK
Table 7. Number per 100 m haule of juveniles of Paralichtys olivaceus cap-
tured in each depth after release of seedlings.

Range of depth (m)
Time after release |
0 ~=2 2] ~=4 | 4<~=6

0 3.0 3.0 3.0
30 min 3.5 1.5 -

1 hr 3.0 1.3 -

3 2.8 3.0 -

6 3.0 4.0 1.0
10 3.5 3.5 5.5
24 2.3 2.0 1.8

2 days 2.4 1.5 -

4 1.6 2.5 3.3

7 0.8 1.5 -

17 3.9 - -

Range 2.71+0.53 2.38+0.59 2.92+1.53




— 138 —

B

50

30

Frequency

20+

50

30

Frequency

20

1 .

2 4 6 8 10 %

Stomach contents weight per body weight

FEIH

Fig.9.

bZAOKEY D HFREND
EED A~V b BISHE
E® s~
BLTWRWEHED
EPRHAEIZ DV T
7<= EEHICD
W T

Histograms of weight of
stomach contents per body
weight of juveniles of Pa-
ralichtys olivaceus.  The
upper graph indicates con-
tents weight in the stomach
of juveniles which ate food
animals except for seedl-
ings and the lower of juve-
niles which ate only seedl-
ings.
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RIS, Z OB S REITTROMAN Lol
X2 (BE10%K).

e P RREIC DT SIREE

R EH  REEPREREICGE DTSR

REEA  ROFFREIRFECHEEOTW IR

&
Bt —  PIEER D B VLB 78 1 AN R I G
FOTWBIRGE

Z OHEIEEC Lich S & e@Edn HBL $5 01
5 ppm LA 8B RILIRE 2> BT K T HED T2HETI1L 5
ppm Ll BT 73. 1~85. 7% ts27=. 1 ppm TIX72HFfH]
TOROEH FTLOYE Bichof. Fi, 2ffEN
P+ DRI b D48 TH O, T, Bfa
WEE L pEEORTREBERES VRO TS
BT 1 ppm XY 5 ppm L B #FEE ORI TOER
i LD b ot (115K, #11K).
(i) #HEEGEEORR

#RF10~30mn F TIZ 4 BefE % b 5 1) 20 ppm T 485
et LB OYQeta 2 L L. R olbRTH S
EMER D10~15mm 7358, 7% & b2 & b Ja B E
<, 16mmp) 1Tt 84.5~36.4% &% R bRt
(512%).
(iv) YtpE LTI OB

20 ppm T 48] Yt LIc R B~ + % TOEEk &

=



— 139 —

FEEK MMARAERISIC Lo e 7 A B NEH ORPEHE N ORER BT 33 2 HMBUHEE

Table 8. Appearence frequency of each species of food animals in stomachs of juveniles of
Paralichtys olivaceus captured in the searching area. Frequency is indicated with
percentage of number of individuals which ate each species among total number
of juveniles captured at each time after release of seedlings.

’N Prawn seedlings Mysidae Crangonidae  Fish larvae Others
release
0 0 % 66.7 1.1 0 11.1
30 min 5.9 52.9 23.5 5.9 0
1 hr 52.9 47.1 11.8 5.9 0
3 30.4 65.2 8.7 8.7 8.7
6 30.0 53.3 20.0 0 3.3
10 34.4 68. 8 21.9 21.9 0
24 0 45.5 20.0 40.0 0
2 days 0 60.0 20.0 8.0 11.1
4 0 44.4 36.1 33.3 13.9
7 0 66. 6 41.7 8.3 8.3
17 0 83.9 6.5 25.8 9.7
Range 0~52.9 45.5~83.9 6.5~23.5 0~40.0 0~13.9
Av. 14.0 59.5 20.1 14.3 6.0
% e Prawn seedlings A————a Fish larvae
100 o———o Mysidae L ® Other food
A—.—A (Crangonidae Deeecenend 0 Vacant stomach

80

o
o

Frequency

0 30min I hr 3 6 10 24

Time after release

B0 Huitiaarf & e 7 2 BNR T OSEIRE O SREREITH§
% B EE D BATR

Fig.10. Appearence frequency of each species of food animals in the stomach
of juveniles of Paralichtys olivaceut at each sampling time after
release of seedlings. Frequency is indicated with rate of numbe of
juveniles which ate each species of food animals to tal number of
juveniles captured at each time.
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Table 9. Relation detween concentration of neu-
tral red solution and survival rate of
seedlings after 24 hours from begin-
ning of dyeing.

Dilution of N. R Survivity
0 ppm 100%
20 95
40 95
60 100
80 100
100 100

FNR 71 <=CEHORAE (f~—) SREIRE

Table 10. Explanation of degree of dyeing of seedlings.

Degree of dyeing

Degree of marking of the seedling by dyeing

HE The whole body is dyed deep red.
- Tho whole body is dyed light red.
+ The trunk alone is dyed light red.

— The viscera or a little part of the body is dyed light red.

#E1FE G, PEEREYNCAT 2 L= CRR QY EZE(L
Table 11. Changes in degree of dyeing of seedlings according to time for dyeing in
each concentration of neutral red solution.

Time for dyeing Degree of Dﬂ“tiﬂ"f N;R B e
(hrs) | dyeing 1 ppm 5 10 20 30 50

it 0% 0 0 0 0 0

o4 +H 0 25 25 35 35 35
-+ 20 20 35 25 25 30
— 80 55 40 40 40 35
H 0 65 75 65 65 75

18 + 25 15 15 25 25 25
+ 75 20 10 10 10 0
— 0 0 0 0 0 0
- 0 73.1 82.8 79.3 85.7 77.3

79 ++ 15.4 23.1 13.8 20.7 14.3 22.7
+ 69.2 3.8 3.4 0 0 0
— 15. 4 0 0 0 0 0

)
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Fig.11. Changes in percentage of number of seedlings dyed degree {}} in each

concentration of neutral reb solution. Time is indicated with hours
from beginning of dyeing.

BI2R HENCHI7 V<= CREEOYEE. GeERIZ20 ppm, B RFRHIIE24R5H
Table 12. Degree of dyeing in each size of seedlings dyed with 20 ppm neutral red
solution for 24 hours.

Range of body length Degree of dyeing
(mm) i+ H+ + _
10=~<15 58.7% 19.0 22.3 0
156=~<20 36.4 9.1 49.1 5.4
20=~<25 34.5 14.5 51.0
25=~<30 35.0 45.0 20.0 0

Deburrowing rate

20

0 1 1 L 1 1 1 Il Ly 1 1 1 1 1

0 2 4 6 8 24 26 28 30 32 34hrs

Time after release
FI12B JEEE (i~ —) BN B e IR b SRR 2 b
Fig.12. Changes in deburrowing rate of seedlings dyed degree
Ht~ —after release into the water tank.
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Fig.13. Changes in degree of dyeing of seedlings
dyed degree -+~ after release into the
water tank.
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UL eEEREEE - Lisoh (813
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20 ppm T 48FF It U7 Jeta i +
~H oMk & IEGafE %420 % Tt K
12 L7c60 ¢ DKIECEEA, 3 HHRAE
LT, “PHAMESRE (1 BoEHER
JRE  BER) RO THOOESH
THENC B LIETHELTN. ok,
RN T S A v e v ) v DORER
v, EER, REE-REE T
Kdfe, Thic kB LEHETVTR
DOEETH60~T70% DAz L, Fea
L DBARIEAR LD Bhieaole (13
*).

fib sy, BeafEHoME & IEG ek
£50F2 & FFRIC K INE, FLé et
Ka bz CI0AHAE, ERELHE
HOp#ERERE) ¥R, G
DA « EREADFEEL I, 45K
RKIZOWTIINAES S B CRIERaR
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F1%3R REENCHA 7 Lz EFEEOERTEY D R
LI
Table 13. Diurnal food consumption per body weight
of seedlings dyed degree +~1{4, and non-
dyed seedlings.

Diurnal consumption of food

Degree of dyeing per body weight

o 60.19%
H 66. 8
+ 62.3

Control 61.8

MR L, 10 #E Tk Fh93. 3%, 53. 3% & s b Yeta FED A 2R T LT 7.

i, WERICOGTIL S ABOIRGATIL 48, Yetaffl. 30 & & T IRQ it Ems D - fR
THOOIK L, 10HBTIEEREFNIST, 18.3&7 b, WMCRETO IR E EEZRL
Tuvtz (14%).

B4R R/l EfE GEEH SRE 2 Lo VRSO O/ & ME R
Table 14. Survival rate and increasing rate of body weight of seedlings dyed degree
#t and of non-dyed seedlings (C).

Body weight

Days of rearing Degree of dyeing Survivity Tnitial body weight
0 1 1009 1.0
Control 100 1.0
5 T 93.3 1.30
C. 100 1.48
i 53.3 1.83
10

o

93.3 1.57

15k JKMER ) B35 2wz RO LEEk s JELEEED b5 A
(&F 5 ~12em) X HHREKOIL®R

Table 15. Predation of seedlings by a juveniles of Paralichtys olivaceus for 24 hours
in the water tank where sand is put in.

Order of experiment
Prawn seedlings
1 ‘ s | 3 e ‘ 5 ‘ Av.
individ.
a. Dyed seedlings 82 45 22 24 25 39.6
b. Non-dyed seedlings 95 35 25 14 20 37.8
—Ef 0. 86 1.29 0. 88 1.71 1.25 1. 20
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(vil) Hf7 v~ = EEHOHERR

2 ~ 3 emDJE X Ry A B oo A ALK REEIZ 20 ppm T48M; 5 L2 EAR100E &,
[+ 1 X OIEG MK 100 ROt 200 B2 HA L, 1MHE LTEmW LTV AREEE L. B
HRKERC e 7 2 gk 1 BOERC 1 B THMNCIEL, SN DMARK (BA
BB —HAERE) %EE L, Pk LIERaEEOm A IhcBROREKR LY RO 1. LK
HIEEAK & L, ORI TIchieh 2.

Wiz, WRERE LTRAM, FAERToL Z 22 ARRWBEOREE OEBR Y RD I
Gt fitk, FEREMGE L b AERKEKIL 100 % Th otk

BA BRI 5 BT/ o7, Jufafith LIER O BRI O 3KIX0. 86~1. T1 £ 0K
OV TS L1208 7D, 20% 0 EREBEHROFT PR INLBEDE L SR
i ot (5153).

(vill) Heft 7 v~ = EFEH OFERADR EBR

EHH 1 OiElRERETI0GTRED > bI0FRIC==—- 541y FO 5 ppm KT 20
Fefige et Lichs, BORs o FHE G COREME O RS FN, BE#HRE DO Bit% T
foo Tok, PR OYIEC B U T REE — IOV T RO —HanG e LT

FIER FHEET S IO e 7 A BHEWH O 7 L~ = EEl OYaff ko R
Table 16. Percentage of dyed seedlings amog total number of seedlings seen in stoma-
chs of juveniles of Paralichtys olivaceus.

a. Number of non-dyed b. Number of dyed b %100
a+b

seedlings seedlings
Recaptured number of NP
seedlings 202 individ. 86 29. 9%
Number of seedlings in 512 190 7.1

the stomach of plaice

W5 E R DT ER & LT

Yo ~ -

so 7o, BEERERIE305 RP10T R o %
$°T33.3% & L7

or KCFH L7 A~ = Cfifiks L O

Initial rate of dyeing (33.3 %)
""""""""""""""" LS AFHABYF D7 V== EEE T

DOEEHA A & IR R D R, R
20k ML, FHERFN SREENEP AR
AT s L, EHEEEC OV TRRER
o RO RIf 7 288 BaFANDY, 5 HiE
AR & HE S h R 1386F T29. 9
% somn w3 6 o 24 ;doys #n %, A e 7 2 BREYHOMEEIC
Time after release DWT HIRIFERBEFHNIH27.1% T

#1451 ﬁkiﬁ%%i@ﬂffﬂﬁ L 7 L~ = EthO Y ik Hol (H16%).
Fig. 14. Oj(ifa:r;;fiﬁﬁrate of number of dyed seedlings TR EC D\ CREROIC FRARE
WEROBLE R D LRtk 3 Rl & C

among total number ofseedlings captured at |
each time after release into the sea. 1%30~33% T, (FIFhIk o B =X

Percentage of dyed seedlings
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(A) Histograms of body length of released
seedlings. (B) of captured seedlings.
(C) of seedlings in stomachs of fish as
predator.
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33. 3% I\ Ml E R L. 6 B LARR L
30% LAF & 7s b 245 [ T15.5% 2 A&
TR 0% &gt (B14X).

ks, IEEEERAEAR &R DR RAM
Bk TG, e 7 2 BAR HFOME
%, WFhl E— F2314~16mmT—3 L
Tk b E#REGEOFRMCE LThREO L
TOMR D IXFRD B2 7 (515K).

m. # 7

1. ZLYIEEEBAEHAE

7 v~ = EEE O BB R A R
WE YR % B0 fT7sb i JREED %
f&, FRIBRC X5 BIROME, Fie—
FEORMITENT S, HAEG =Y
7B\ TS BT TR A, FF
EKEWEFFERE, FCRAKRHEE
T T 5 23 O FIEIE NI
W32 L& ThHh, K7rY 7T
BRI OLE D FIe oW TRIEHE LS
WA BAITIXED TR,

EERRCETAAR T vy 7 TOHRE
W (AR, 1979) TIMAE 1 ~
2 HROWFEN K& <, 10HBRICITAERE
DIERNREC 7% & EXW BT h
T %, & ORGRFII O IFER & BARH)
¥l & UTHUE T 5 & & AV REE I OR
OHEMTSEOKIE L 0. & ICEEE
Tt & FhE LT\ B HIRIC O TR Z D
MRt DEREZETH L TOEE S Lk
55,

IR VX TE BRI R oD TR O R IEITIE
WCEREZ R CTHER Lich, TR SRIK
DVIRIR CTH 5 7o FEIC R B H
D L5 IeTEEM OB CERETENER T
¥, S0k 5/ oRMc L 5 Y
B a0t —iRic, BEMIT IS
Bh, ARBRBEORECIHERICRE
MNEUSL, Fie, A LB T T
PR R ARD D 2 LIC b4 RN H
5.
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L7chio T, RMAE TR—KIBATOEREL & BARES TIH ) OBMREE & LA
T35 &S EIRICIL D, BIEEROEBERIX & 1 REH ) O THERY BRAY=F
(X) b LW TFoIEF TABRYRD .

(1) HIERE No a3 2 Big LowiHMER Yo % Yo=FO) i Lo TRD 5.

(2) BRI X IR T 2 R REY Y/Y, AEEREEZ Nox(Y/Yy) & LTKRD 5.
AFAETHLX EYDBBRR F2X) whifofiEx#EM+5 &, Log Y=3.356—0.188
X205 Ye=2,2600.9 B&fen. Fio, EBRITMFI0RRET Y/ Ye=29.9/2,969.9=1.3
% &t b, FFFRITOAEBRBRIT 300,000%0.013=3,9%1. TR L BH IS,

Pt L, ABEZREATACY > TTIUTOREE TOWMNLE L5,

a. FREMRIFOBEEDRIT—E
b. BB E30D THIKRELS DEBRRRBCAS. DBAHERTI—E
c. BIHEOME O N AMLREKRNCE SN
anHEAEBEICHERT A SEETH ), BEDRAKOUT ALY D5 KOG %
SHELE L 52, REEMCERALINS, FEXKBNCB W TOmRENRIE i LS
ALY ORERRIGE L LTHATHHENEL RS,

Bz g, =2y kR 7 o~ = EEEIC S, Kl coXcxt T 28T E L L
Tw% (16K, H1TK). MAEMMZE U0 ~ 2 mEBoRKEORER (100 m HiEH 1
D) 13153. 0~347. 9B Tk X /e kit 7o (BE173).

ZDIEhy, AP OERA IR TH O AR ET L L7 A~ EREBOH
WRICA —F—DMhiE & LT ET 513 L DREGROLEINL /erDtc b O LHEI X iz,

b O EIC DT b b0 HRIC I o TEBEREEAHEE L, B3040 #o bR Lbllh L
oo L L, FHEREUIEI30,#0s 1,422 2, 10 1,659 B & 1 R0 HF Ak & A
E1e 2 TE D, 00 TIHEKIREECARM Lis WOV SR fERIS B/,
=, BEBEOARCIESTHREORMLSORBROEEHZ LN THRING. S0k
Ft g & UIcihR30mn £ TORBB YL KB L 2 en i ¥ TTH O EIVEE ) D R

FITR  GARBRER 3 X OUKIRHIC e = € 24 20 100 m WY 0 IRER K
Table 17. Number of Crangon affinis per 100 m haul in each depth at each time after
release of seedlings in the searching area.

Range of depth (m)
Time after releaee |— e —
0~=2 2 ~=A4 4<~<6
0 200.0 184.0 261.0
30 min 331.3 101.0 —-
1 hr 243.3 127.0 —
3 224.3 99.5 —
6 178.3 100. 5 91.0
10 224.5 153.0 372.0
24 303.3 190.0 162.5
2 days 347.9 103.0 —
4 235.4 243.0 149.8
7 153.0 126.3 —
17 399.3 — —
Range 240.05+37.16 142. 73+ 30. 00 207.26+98. 45
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Fig. 16. Histograms of body length of Cramgon affinis captured in
the searching area.
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Fig. 17. Changes in deburrowing rate of seedlings (white circlee) and

of Crangon affinis (black circle) according to brightness or

darkness in the water tank.

WWIDTAMENAKELEFT LicsizEZELEL . L, B ONBKED L, dkik
DEELELFHINLDOTINLDECDWTIEABOTHEDO B CEER A2 THa
THDENRDS 5.

¢ DWFHED H AR DO T TFHBORERIC IO THER L TR 2 EMNEE L2y, AH
AT AARBREDTIR COFAEN CRIIER, 1979) 22% & LITHBYERC UTRRE
DIEA 400 m, FHEKE6 mF THHRENGIIEE Lie. FHER B1H) 2 EPFKEHNC
HZ5HE2MUETOERMERN SR TH ORI E2 BWPAHTE~DILEIIED TN W EE %
bh%. ,

CHIZHELTKEO~2mTCIRREDELAD 7 vy 7 THBD, EXRHOLICKFEHB~D
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BBHOH LN THSD. 05 HLUREADOHHENAF TX0~58, CTX3I~4RBLR>T
F DA L D D~ADFHANDILEE R DG\ E S 23z fe. S ORERN D L THRENSR
KIRIZC X B, AETIEKRTHRETHhOLELLNRS.

L ED a~cpiEsoizse dFHEKRHNTORR ? v~ = CHFOEARYK, LEENY
My, FHEHEDLE LK LENRD D, AREKE CIIHED & S HiRAAC S \WTR
REFIFREINTE LT ZORR—IGER LES LELbRD. ¥, MOHAEVWLEHO
P4 X EDETHE N SEEORTH 2 B AHET 5 LN D 5 2 R IHE R O RERK &
FHHEAOKRREHBICIZ LA EEDRPDOIENLEANIN LS.

Dbk X 5 sk Eokst o EcHEMEE & OB O BIfR2s bR D Ao fR A B3R TR
BT B BP0~ 2 A A & LT 50 mBEERCEIT LTW5. §iEoD
2 AR OWFE MBI RRETIH O AEC X 5 KERFRI A ED L, #EOBIROMEERIL
MO REL RN IEE I EERBCA D DOODHL EHRTEILEZDNS.

WFEEOERC OV T BEEREA & & S ICHBREDKIECHE D7 BRI i R E S
Nichot=b DD, BIREEDOFEEEFEL4. 8 217 B O KK EEK O FIGHE 2T, 3nnhs &
S H EE R0 78 L E I N e, AN OIS KR26~2TCIe T 54AREE L LT
VEFKER T oK T EBRER0.85mn / H X W HAENMEL IO T35 (BE18X).

A REE IO O ), BEALFAERE, SRBREYRRT S LEL2 bR LD TS
OFECRBCTHEELIER LA 5.

sk, SEBIABRRIIRR 7 V= EHFIHER IR X S ikt b M DAERIC &
DT HARICARFI M B B &E 2 bR B KIBC—HERIE LBETORRTHY, 0
ERAMOKIB CORBCHEMCH TULD L X TER. L, FeskEdBARE T
"y 2N CEBERT T M T 5 L THREERC TR O AEC X B R
—THHMRBEADETH D, FTOREUETHIEBTHREOHMA L LV CABRIEES
bDEEZBRD. BIRHRORED b b EERIC X 2 RIEHEL EOBRETH 2 03Bk
RBE, BHEE B2 cRAEEOOMIT A BEE L LS.

BEROBEIC OV TIIKREERIC X2 TR LcfE (Zk, 1979) LdiEdb@iLTuwi

30

Y=14.72+0.74 X

Body length

0 1 L 1 L I ! 1 I L L 1 1 1 ! 1 ]
0 5 10 15 days

Time after release

S8R itk RER & Fl 7 L~ = €O R OBIR

Fig. 18. Growth of seedlings after release in the sea.
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Lo, KEERTHEEHERDOS O 27 AERLE LTERED b2 i Tt
Dfs. AEHRE LUTERDLNEAED S BT AR, SMED ST e s 25l CEEKE
10.09) Mbo&bFEELEZ bl FiRKEEBROKERIC LIERY 1 XD e F 2 5L
P T O BB KIS T 526~27TC T 1 HH - W IREDLT. 0% O 2lRT5. =0
WHERAYSEHE Lo CRISAE2T. ong) (CRET2% L6l 8BNS T 5. ZofEir
EWAFAETCOO~2mBECREL T 7 2001l Hb Y EHAEEXHE TS LLUTD
WhEich.

© 0~2mBEDL I 2 DHMEELELBOUEE (2m) £ 100 mEMBIh 7 A FERK

2. T (BETE) MoRD B &, 2 TR+ 20047 = 0. 01368 1K, »f.

@ 0~2mlEOWE AR I719800m, MG E100m 226 KD D &, 800m x100m =

80, 000 p.
@ 0~2mpoe I 2 0MhimdHMEE LINE»HRDB L, 0.0136{F#f % 80, 0005
=1, 0881k .

@ 0~2mBEO I A LA 1IHIALVAEZEREY 1 ARSI VENHARELSE MR
MHRDBH &, 618 AN x 1, 08814 =67, 238. 4FE.

L2 Ule s & fii i O RE ke ] & A FRR D PR & G LT OFHAERI Havc i & &3
2 bhb, UCRENRED 7 A LB LD THo & THEM NG Sh Tl R
LiRO s WTHMIC LS e 5 2 DEMNRE 1.0 L LTHDLd, I 2 DEHRBENFER
I h3smc P ia{ HH IR HD EFELBND.

SHh—EHENTRHEREY T2 /oD E AN L FED /1 &2 BEB R £ oo Hiko
W XTI R T 5 BB A 5.

—7J7, b7 2 OfHHRE, AR OMEY EE, FMEOLLHAE LTS EHMDLAEN
W SO 1 ERRIRICI R s 4RI 0 & Te DT v (54, 5, 6X). Zofn
LRAEDO LD E LWL O L IFHTTERTH D, T, BORPIHOKE D AFIL10~24K
M Zdic A e mic i b L bh s,

v 5 A DNATIREE R O3 A & OBIFR TH SR, FIKEHCIL0 ~2 mBoFERK
M2 100 mAEY O ORI CIHAKEDHICHEEZEIAR LD L. iz, 0~2mE
TORMRELWIEAGEND EX T RSBl T 7 ey 7K H LW ET ALD BRI
[N

PR e BRI O\ T A 1 R D 0 ~ 2 mE E K TEm2 7o & & R\ T kil %
EBODAENPRELSED LW HHHNEIRD Bivigh.

INBDOENLATE T A O EEE O A ORI 7e BLEME LR by, Bk
WK, BRI Te 5 A0 lE TS LV 9 BLGRiER I el

Ple s adhic BRFEOHBIC OV TN Z M2 O RER & LTSRS I H 7o
R TIRE IR VCEROFERES THER S, o, SEEFEENR & LT At
Nod:ty, Py =8, =Y aBclAELEBOLENSS .

—J, BEINLEED 5L THUENRIME EHEN S M, =72, vyr¥FR, 7
GT S, T hR A, BIERE v I ENE il AREENERE L DS HB S e
THEME S B 5. SHROFE CRRBULR TOLERBTFHINS IS U RE Rx LEL
DA 5 — B 7 — 2 —DIUERHNETHA 5.

2. VLIICEBHEOLBEELXTAb

7 = = EREE O OV ORI o Ui £ B, b V=Y Il X Bk, SR
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BT E IR, RARZOMOECIHEIBE IR TS, 7 A~ EFERICE S
TKEEEY D SHEF I 2 A Te D TEEB L DR RS ER TR b, BRFEWFAL, KEDHEH
BrREREIEDL ETERINICREKOHMHME L OGRS Clkensd 5

AKRE TR 7 v~= CEEOMFE RGO —2 & LTAEKRESY L ) BT FOEHAE
et Ui, 3 b R AERG (RS, 1971 ; Wiz as, 19725 AH, 1968) 2345 % 4%
fEE ek B oS L LT — F 5 ALY VT L 5B mTha a2 7.

Yt TR 98 2 T BE T BOPER B B3 2405 32 B 5B £100 ppm F TERD Hh . &
KBRS & G BT B R 0 JCLRIF 2 A e H~HHC 70 550 ppm o 48558, % 721220
~30 ppm D72FHIH —IED BRI LA 5 (BEIE, F1E). T, HEOY A XE{ag
DR TR R10~15mn D /N EA DL DY F b B X 5 Th % L RINCIT Y 1 X [E T
e A Bhuioho.

RICFAFEEH OGN D EHTH DD, FetR24bRIA DB B o\ TR R A OB L 5
EIIHREDBRT, PO IO UERHOEHNINET T2 &V oA bR, i
B & R R OBIRCIRIVER A 5 ~ 7 K bRAEHOTE OB IR IBRF B EH~— D
BEOBRTHLMET LTE D, GO @A T o BB ] 520 Sk 2k 7
LT ARetEnd 5.

R ORI I THIZ W EB I B ST 2 M - B BEn A4 Ule & THUEEEOZE LW E
iz ERE, MG OBRAEELBRANS S, MEEBRCS O TRAEH OFEKDERERA
gk < BRNTEL, BMEEAWICED D1 SIREBWEE I OB D @kr e X e
RicEHR L EZ BhS.

L 7 A ShEE Vel AERICR TR AaFAKOHRREDIEG O L < B0 RIES
D07 B b BIC R BRI AT O TH A 5 & 5 BT Cidds S Rt BRI RE 1038
T2 ELRRER DT L AREMEDL D 5.

TR IR I D EERME R E TS S S IR A T O MBS L L
THEA 9.

WGt g & RO R R O BIFR TSR 7en HYEE DO F5\ AT SO0 % B HHIA TR
HOHRD. RO O FRMEO S TP EH CHIEREHE 3 AR EMEC S TEH O
R TH D, RARIOHMREOLRENRD D, Paffh~+ TrRtats 1 A CHtD

DT EINEGRD20~40ZFHHE L Tx b, RAHEAKL 2~6 H EHL.

CRBDENGEHE LTOEDED B0 fodi it it e il s T onEE L
V. L, SEORB TGO AT EOHER THED TS, RAEEOFHGEEKT
HEDOREE B E S\ SHEROAIZIICFERC L2 HETEOHBA R Sl L, B s
LCOFMMELEDLUERDS 5.

—75, HRIRHEEC N 2R L b ppm C24RERS et L7 IS T B0t o D e th 1T
MOl OO, TR INIHE O 5 Lo R (ROERMAG &HE SR
BRE P OEE#ERS3. SH TV EI U R I T W 5. BEARIC ESR R AR ERE DL T ThH
D, BOREE24KHIN TiLd 2 234 00 Fg HAR BRI A 2T 5.

T, AFLOMEPOREIC KT 5 R AR R 30755 LEERRCE <, RAffo
BRRPIROMAC < HNTEGEE D A DA,

7ok, 24WFHLIRE Do BEIISEC O W T ENTEHER A Lic bR S itk o
7o S OERPFEOFIDIKIEIETH D 7o ny, T LR O M A A R LI & EREs e
FTHMARH O Fhe, A< VEELCESC LFERBE L b T s EHE A S
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D, LI DO TAER S EOBEHHERZ NS EPHCHERE YT HHELDS.
DEDXdic=a—tF 0y FIC XDREFEZHRCIICONDEE»H 5 b ODFEMAMNT
WHRSTH D, KELESTRTH D\ b EOEMAERL DB, L, E#o
Fith & 9 S ba % ERIRHE TS HEARETH D, Bl oB8HEA & o’
ENRFERHHTICESCTOLABHAOHRL S D EEL LD,

V. # B

HAYEZ » Y 2128F % 7 v~ = BRI P BB R O LB 2 E 8 Lleos
5 KEG OHIR TIIKIR & UTHERO KT Dh T2, HERGROSA, EC kel
DT LHWEE, WhODEEMRERE L ARRERE (BM, 1973) 4R Tl Ll big
V. SHEBC R T BB OmD TAE W EAFHR I L.

EE OB, Z ORBIAEEEE VoSBT A 0 RN o [ i MR B iR L 7
L. BRIAMFERE SRRSO LVCRETCE SN D OMHORND 2\ IETEON
REWCERRTLHD0THA 5. Lichi>C, BHFEZEILTE S EHEOREBIEM OOk
B A BRI EE L, PO KRERFEOMIEEZA 504 2oL iesd 5. BHOFH
THhHEBERLIMETHELTHA S L, Lo FHEL L Zlis /b 5 (BEIHKR
1980).

b5, HAMGZ v 7 OMIBRISMACHE Licfiidad L, (K2 A F DS AIE Il b
ESBPETROSRCHELRETHS 5. BRI YRPRIE R 2Tl o & DR
TeB 0y, BIEEERRGORENONAEE, LEER LOEREE R G 5 Rl O/ % L
LLERBH S5 FHEKRA, 1980).
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5 9.
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