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Behavioral and Ecological Studies on Release Technigues
of Hatchery-reared Japanese Flounder Paralichihys olivaceus

Shinpei Furuta

Summary

A sea-farming program has been conducted for 18 years in Tottori Prefecture located along the
western part of the Sea of Japan, Ihe number of juvenile flounders released exceeds, however the
number of fish recaptured is lower than we expected. The major factors inhibiting effectiveness are
helieved to be the quality of reared juveniles released, and releasing tactics related to the ecology of
juveniles in nursery areas. Since the former factor has been improved by recent advances in
seedling-production techniques, we have concentrated owr effort on improving the releasing techniques,
particularly to be more precise about timing after the release Owr recent results indicate that
flounder should be released after consideration of seasonal changes in prey and predator distribution
and abundance. In this article I discribe the ecological processes determing the survival of juvenile
flounder, from laboratory experiments and field observations.

1. Mortality of Hatchery-reared Japanese Flounder Juvenile : Field surveys were conducted
to determine the mortality rete of released fish, and the abundance and distribution of wiid juvemile
flounder, their preys and predators.
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1-1 Changes in distribution, growth and abundance of hatchery-reared .Japanese
flounder released in a coastal area of Tottori prefecture : Changes in distribution, growth and
abundance of released juvenile flounder were investigated in the coastal area of Tottori Prefecture from
1989 through 1991 Flounder juveniles were directly counted by divers along transect lines at 6
depths between 0.5m and 13m Beam trawl samples were taken and densities were estimated using
gear efficiencies obtained by comparison between number of fishes collected by the trawl and the
number counted by divers. Released juveniles were found mainly in waters shallower than 10m, and
showed nearly the same distribution pattern as wild juveniles. A significant length increase was not
observed in recaptured flounder. The number of reared juveniles rapidly decreased during the first
week after release and the retention rate after the 1st week ranged from 35 % to 269 % DBased on
changes in distribution and growth after release, the author conciuded that the rapid reduction in the
number of released juveniles was caused by high mortality. Causes of mortarity of released and wild
flounder are discussed in relation to the abundance of prey and predation by piscivorous fishes

1-2. Changes in feeding condition of released hatchery-reared Japanese flounder and
prey mysid density in the coastal area of Tottori prefecture : To investigate factors influencing
mortality of restocked Japanese flounder changes in condition of hatchery—reared and wild Japanese
fleunder juveniles and density of mysids as the main diet of flounder juveniles were studied in the
coastal area of Tottori Prefecture from 1989 to 1991. Food—intake of reared flounder was lower, and
the  incidence of empty—stomachs was evidently higher than in wild flounder. Hatchery—reared
flounder were released in June and July and showed a rapid decrease in condition after release. Mysid
abundunce was highest in April and May, then a marked decrease in abundance eccurred in June
Condition factor of wild flounder also declined markedly in late June and July ‘These findings suggest
that poor condition of reared flounder after release was caused by a combination of poerly developed
feeding ability for wild prey and the seasonal reduction of mysid density It is speculated that poor
condition of flounders enhanced vulnerability to predation.

1-3 Predation by fishes on hatchery-reared Japanese flounder juveniles released in the
coastal area of Totterl Prefecture : Stomach contents of piscivorous fishes were examined to
investigate theit predation pressure en hatchery—reared Japanese flounder released in coastal areas of
Tottori Prefecture (1989—1991). Released flounder were taken frequently by 1--age group Japanese
flounder, bartail flathead and sea bass primarily during early days after release We observed few
incidences of predation on wild flounder juveniles by piscivorous fishes in the same study area. This
suggests that reared juveniles are more vulnerable to predation than wild floundetr due to behavioral
differences Abundance of 1—age group Japanese flounder and flathead in the area was estimated from
May to July by divers counts. Cumulative predation estimated from stomach content amalysis and
abundance of predatory fishes accounted for a substantial part of the estimated mortallity Other
potential sources of mortality, particularly predation by nocturnal predators are discussed

2, Comparison of feeding behavior of wild and hatchery.reared japanese flounder
juveniles by [aboratory experiments : Feeding behavior of hatchery—reared and wild Japanese
flounder juveniles was compared te determine whether behavioral differences might lead to higher
vulnerability of reared flounder to predation. Laboratory experiments using a video observatory
system were conducted to analyze feeding behavior inciuding quantification of time of swimming in the
water column, distance from the initial to settled position. swim—up height from the bottom and the
pattern of swimming course. Swimming courses were classified into 3 types according to the extent
that flounder retarned te their initial position Wild flounder showed rapid feeding behavior and
returned near the initial position, while reared flounder spent significantly longer periods in the water
column and settled on the bottom at a distance from the initial position. These findings suggest that




hatchery— reared flounder are more vulnerable to pretators than wild flounder due to longer exposure
in the water column and frequent change of settling location. Differences in feeding behavior found
between reared and wild founder may explain high mortality of hatchery—reared flounder immediately
after release

3 Effects of starvation on feeding behavior and predation vulnerability of wild Japanese
flounder juvenile : Feeding behavior of wild Japanese flounder juvenile with progress in starvation
was examined to determine whether sfarvation could increase vulnerability of wild flounder to
predation. Eaboratory experiments were conducted using a video observatory system to analyze
feeding behavior of juvenile flounder such as time of swimming to water column. swimming—course
and number of attack in a feeding behavior under starvation up to 7 days Experiments showed that
longer starved juveniles spent longer time in water column and returned farther from the initial
position. ‘The number of attack in a feeding behavior increased in & few days after onset of starvation.

Fed juvenile flounders were not preyed by 1-otr 2 year—old flounders, while 3 to 7 days starved
flounders were preyed in the laboratery experiment. These findings suggest that wild juvenile
floundexr change feeding behavior toward more vulnerable to predators with progress in starvation
primarily due to longer exposure in water column and frequent changes of landing position. These
changes in feeding hehavior found in the laboratory suggest that high moriality of juveniles would
occur associated with seasonal reduction in prey mysid abundance in their nursery ground

4. Seasonal changes in abundance, length distribution, feeding condition, predation
vulnerability of juvenile Japanese flounder and prey mysid density in the Totfori coastal
area : Seasonal changes in abundance, length distribution, foed intake and condition factor of wild
Japanese flounder juvenite, density of mysid as the main diet and stomach contents of 1 and 2 group
Japanese flounder as the main predator of flounder juveniles were studied in the Tottori coastal area in
1994. While the abundance in larger group of flonnder juvenile decreased from the near shore nursery
in early June, that for smaller group showed a rapid decrease since mid or late June. The equivalent
size distribution to the smaller group was not found in the length frequency of juveniles which
emigrated to the offshore nursery. This finding suggests that heavy mortality occurred in juvenite
flounders in the nearshore nursery. Predation incidence of juveniles by I and 2 group flounders
significantly increased in late June and kept high until late July. Food intake and condition factor of
juveniles decreased after mid June Mysid abundance showed a rapid reduction coupled with
decreases in food intake and condition factor of juveniles. Based on these findings a mechanism of
mortality caused by starvation—induced predation was suggested.

5 Substantiation of the effects by release of reared Japanese flounder juveniles Early in
the Season : Base on starvation—induced predation observed in the wild flounder juveniles
(1989-1991), the tactics for releasing were changed in 1993 by earlier production of hatchery reared
juvenile and a sconer release in May. A significantly increase in the condition factor was showed
during the first 10 days after release when the juveniles were released in mid May at which time
mysid abundance was seasonaly high. The juveniles growth increased more rapidly with a May
release. A sharp increase in the ratio of recaptured fish were showed after a change of release tactics.

These results suggest that releasing fish early in the season helps prevent both starvation and

starvation— indused predation
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Fig.1. Location of the surveyed area for released and wild juvenile flounders

Solid and dashed lines indicate sampling lines by a beam trawl and transect lines by
Scuba-divers, respectively




reteased area —---gill net

Fig.2, Released areas in 1989 through 1991
Gill nets were set outside the released areas to protect released flounders from
predation by piscivorous fishes

Table 1. Details of release for hatchery-reared flounder in a coastal water of Tottori Prefecture (1989
through 1991)

Year Gioup Date of Total length of Number of released Nnmber of marked
name release tlounders (am)* flounder (X 107*) fishes (X 10™%)
A [3-14, June 55.3+6 0 226 22 3
1989 B 23-24, June 51 97 7 262 19.3
4 - 6, July 76 4+7.8 218 20 3
D 13, July 775191 40 40.0
Total 746 101.9
A 15, June 41.6%6. 7 111 111
B 22, June 52.0+5 3 20 20
1950 4 4, July 68.9+7.6 200 31
D 10, July 76.2+7.8 32 32
E 18, July 92.9+9 3 135 31
F 24, July 90.4+11.0 30 30
Total 528 255
A 10, June 63 1*+5.3 168 t]
1991 B 11, June 62 9x4. ¢ 182 (]
C 12, Tune 63 1%£3.7 134 0
D 14, June 60.2x3 b 36 0
Total 520 0

* mean + S.D
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Fig.3. Schematic illustration of a counting method of juvenile flounder by divers along
the transect line with a special equippment

10m
75

Fig.4. Division of the surveyed area to estimate the flounder abundance by quadrat
method
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Fig.5. Changes in distribution and abundance of reared and wild juvenile flounders
estimated by divers after releases in 1990
Days after release are shown in parentheses A,C and E indicate the name of the
release as shown in Table 1
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Table 2, Survival rate and total mortarity coefficient of each released group of flounder in 1989

and 1990
Yeaz Group days after Abundunce Survival Total mortality
telease rate (%) coefficient
226,000 100.0
19889 A 2 135,089 60. 2 0.3b8
T 19,391 8.6
0 262,000 100.0
1989 B 2 39,509 15.1 0 521
6 9,695 3.7
1989 C Q0 218,000 160.0 0 369
4 49, 855 22.9
0 111,000 100. 0
1890 A 2 6,645 6.0 0. 507
3 6,238 5 6
6 3,878 3.6
0 200,000 100. 0
1990 o 1 142,756 71. 4 0 268
3 72,068 36. ¢
3 53,878 26,9
0 135, 000 100.0
£99¢ E 1 113, 643 84,2 0. 419
3 27,022 20.0
5 20, 456 15.2

DEFEREOERMR ISR IR LD o7 (Fig. 7). 861, KRB LASOH A ATHIE
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1L.0%IZBER L, SHI6HEOSHTHIZIEG 0%IcE TP LA Lad, BB, FEHOKE
RLEEOBOHETRELLCATIEROSEOFSMEIZE, WIRIZL5% N FTORBRETYH
ERZIZOSNT, ZoOf, PELZRELIRTZELL, 2RV EL0ERITESEOmELT
TLOWEIOELTH LA

BR &6 P RICERMICI > 219914 T, HARTOHEDSAWADEEMEIILPE
BKAE LAY, ZOMOEREIASADFEY] 63ms SEICEA LEABROSEOFHE L
OBIZER LT OREBRECAELE/SRD LN (Fig.8) LoL, #0BIEHEZRERED
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Fig.10. Changes of survival rate for released flounders at each experimental release in
1989 and 1990.
Solid line represents mean survival curve of release A,B and C in 1989 and A,C and
E in 199¢ (Table 2).
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Fig.11. Changes in feeding rate (stomach content wet
weight/hody wet weight excluding stomach contents) of
reared (released) and wild juvenile flounder with progress
int season in the study area from 1989 through 1991.

Number of fish released is shown by length of the line.
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Fig. 12, Changes in incidence of empiy-stomach reared and
wild flounder with progress in season in the study area
from 1989 through 1991,

Number of fish released is shown by length of the line
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Release were cartied out from 10th to 14th June

Vertical lines indicate the standard deviation from the mean.
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Release was conducted at the points shown by arrows with dashed lines. Length
tepresent relative number of released fish.
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Fig.17. Location of the surveyed area and transect fines by scuba divers counting for the
predatory fishes.
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Fig. 18. Schematic illustration for the method of divers direct counting for predatory fishes,
showing over-view (upper) and side-view (fowet) of the equipment
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Fig. 19, Stratified counting areas by quadrat method for estimating abundance of predators
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ZOWERTIRTEDHINIERfThbh AL 7 A ATEHOMRKO S 5, 1NI107F E#R L
DMAPTDRLEFI OV, RABROBEIREBRBIEEL- YO 7 2/ MADF
WEEEEOEEE LT ALY I T OV TH AL (Fig20). COHEEY, €7 AATESI
TREIZL > THMPEBEIIYE (BESRTWAILWbd»A. B, Thbon{Edrsh, #HE
BEROFHEP) LHRFEOZBEHWQ KKBE 1 ¢¥2)0BREIRO LI IZRES.
v¥F A P=1255d1 57 (r = -077)
wdF P=5815d ! 73 (¢t =-0.79)

Table 3. Piscivorous fishes preyed on released flounder juveniles and incidence of predation
in A zone (1989).

Days after Species Size of No of No of Incidence of Total No of Mean No of
Date release of ptedator stomachs stomachs predation flounder in flounder in

(Group :Days) predator (X+SDem) examined with flounder (%) stomachs a stomach
13 June A:0 Pa* 20.0 1 1 100 ¢ 10 10.0
14 TJune Al Pa 21.6x7 1 7 5 71 4 15 2.1
17 June A:d P1*" A0 1x7 7 2 2 160 O 29 14.5
Z4 June B:1 Pa 215+23 2 2 160 0 15 [
27 June B:4 Pa 2557 6 15 8 53 3 15 1.0
P1 45 1+3 3 3 3 600 14 28
6 July C:1 Pa 220 1 1 i00 0 13 130
7 July c:2 Pa 21.5+£3 1 8 4 50 0 8 10
Pl 43 4+5 7 B 7 87 3 98 12 3
1l July C:6 Pl 60 0 1 0 090 0 00
14 July C:9 Pa 26 4+2 2 <) 1 16 7 1 02
Pl 40 8+3 5 8 4 250 4 035
15 July Cc:10 Pa 2B 5+5 7 B 2 25 0 8 10
Pi 39 94 1 11 8 727 33 3.0
20 July C:1% Pa 26 8+2 1 35 3 86 4 o1
Pl 45.1+5 3 3 2 66 7 2 07

*Paralichthys olivaceus  *+Platycephalus indicus




Table 4. Piscivorous fishes preyed on released flounder juveniles and incidence of predation
in A zone (1990).

Days after Species 3Size of No. of No of Incidence of Total No of Mean No of
Date release of predator stomachs stomachs predation flounder in flounder in

(Group:Days) predator (X*SDcm) examined with flounder {%) stomachs a stomach
9 May {before) Pa* 19 4*3 8 15 0 00 0 00
28 May (before) Pa 20.5 1 0 00 0 00
21 June A6 Pa 23.7 1 1 100.0 2 20
25 June A:9 Pa 234411 5 1 20.0 1{1) 04
5 July C:l Pa 27 4%£2 3 g 5 55 6 38(1) 43
7 July C:3 Pa 27 1£3 2 8 5 62 5 20 25
pi** 51 8 1 H 100 0 9 90
9 July C:5 Pa 23.3+86 3 1 333 1 03
11 July C:7 Pa 29 0 1 0 00 ¢} 00
17 July C:13 Pa 29.6%£9. 3 5 0 00 0 0.0
P1 36 728 3 0 00 0 00
19 July E:l Pa 29128 g 5 83113 22 37
21 Fuly E:3 Pa 25 424 4 2 1 500 3 15
24 Tuly E:8 Pa 21 8x7.0 & 1 167 1 0.2
Pl 43 3x12 9 2 1 500 1 0.5
25 July E:7 Pa 192x3 8 7 1 143 1 0.1

*Paralichthys olivaceus  ¥Platycephalus indicus

Table 5. Piscivorous fishes preyed on released flounder juveniles and incidense of predation
in A zone (1991).

Days after Species GSize of No of fo. of Incidence of Total No of Mean No of
Date release of ptedatot stomachs stomachs predation flounder in flounder in
{Group:Days) predator (X+SDem) examined with flounder (%) stomachs a stomach
13 Jure C:1 Pa* 27 0%+3 9 7 7 100 0 27 39
P1** 41 8BX5 7 18 11 48 8 72 45
La™* 37 5+3 8 8 6 75.0 58 73
15 June C:3
Pa 27 9%4.3 8 2 25 ¢ 2 0.3
Pi 41.8+5 3 8 3 375 7 0.9

*Paralichthys olfvaceus  #+Platycephaius indicus  *%*Lateolabrax japonicus
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Fig. 20, Predation on released flounder juveniles by piscivorous fishes,1 or 2 year-group of
flounder and bartail flathead, and it's time-course change after release. Open and closed
circles indicate data obtained in 1987 and 1988, and 1989 through 1991,respectively.
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AEEAH O, FEOKKE, ZhoBREMEML ABITbRAZ LHbd 5 (Fig.21).
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Fig.21. Seasonal changes in abundance of predators, 1 and 2-year class flounder and
bartail flathead in the experimental area (1989 through 1991). Arrow mark shows the
day of release and the length of bar corresponds to nwmber of released juveniles.

EARBTAOLERIIBITS, RAKOTHIAFEL RO L L, 72 (1-21A) T2, 066/
&, v IFIEN0EEE RS, T, RERCBTAMAEOEARTE L WRORKEZD
FEB B ECFOEABREEOBGERS L, SR BTAMAMICL 2 RREOL T AATH
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Fig.22. Changes of estimated number of survived flounder and number of preyed flounder
by piscivorous fishes in the experimental area
7 Cumulative preyed flounder by piscivorous fishes.
@ : Number of survived juveniles estimated by divers direct counting (mean survival
curve caleulated from 6 releases in 1989 and 1990 shown in the previous paperz),
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FbEEES, ¥ BERES, © AN BLUBREOBERREY A Toh, RAKELORICH
BMEELSHLIEAEHENTVWE . 209 L, B AFRACLYITF L EOERIIEETS
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BREPEIOEBEII 2L EEESRL, U FIC, b3 R ATET e RARAOESR
TE % ERWICILE L, HABRCATEG SRR BERLSUAERsZERLL
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WEICEREHBE L ¥ - CHEEESh LI AANTIBE (@EXE . ov Y-}
Woon®, WEFFE | L4618E /1) LEA+E Y & - BEDREDIER CRE S WA KBNS
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IRIZE S THRRSNBRTHL AEONECRBE L E 7 A 2 7 CIOGEHREL . &
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MEE1/AETEEL, EOBEHHS, BEO-OITARIET L HL T 5 R (BE
BEED), JKE % BN THrHFET 5 T COMRER (Fika-A), KEEZELMESLFIK
LB S T (SR ERB) B L UER» S #ERD - AOREE £ TOREEGERSE) F
ME LA (Fig.24). %P, BEFTHO S L, #HEHRT - 28O MEEICE LGS ddTE )t
MEsSNALEL, WEFELLBRI LA BRI -2, BHOLOIZA~-COIRIIHTE
L(Fig.25), #hZNEEHMOMVIRICI~1SOREEZ 527 STHEZONEEE R
AL ANTHEL CHET LD, T TMEOSEILT BT 2 -0 0OFKEZIT, TEUC
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Table 6. Experimental animals to compare feeding
behavior between wild and reared flounder juveniles.

Fish sources ¥ild Reared™

Fish size{mm TL) 60. 74 3 66 2%4 6
Number of fish 10 10

*reared at a density of 1,461/m® in the

mass-production tank before the experiment
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Acryl water tank
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Fig. 23, Experimental apparatus for observation of feeding behavior of flounder juveniles
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Fig.25. Types of swimming courses observed
Fig.24. Components measured in the analysis of during feeding by flounder juveniles.
feeding behavior of flounder juveniles, Tvypes A, B and C were scored 3, 2 and 1

points, respectively
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Fig.26, Comparison of time of swimming up Fig 27. Comparison of swim-up time for

feeding between wild and hatchery-reared
flounders. Values in the figures indicate
average seconds of swimming for each half
of the experimental period.

in water column for feeding of wild and
hatchery-reared juvenile flounder in
laboratory experiments. Open bar indicates
the frequency of swimming times of over
24 seconds.

BHERE WENRE 22 EEATHEIRBMATIIN, ATHECIMERESLL: Zh
OHOBERBOTEHEEIAIETL 168, BETL 0L, KABAIEK<TAIEECE(,
FNEROTEEICIHEEESEO LI (t-test, p<0.05) (Fig. 26} . FRAHEA OBEEMRIC
34 082 LEATBIER S Wk d oDl L, AW CRUIENR L4 - EBETHD
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(86 &1 728 {45[1), ATREH T3 08%(93E) &5 04F (81 &, HFF IR THBIZEC
LHERPWEBEESIIRSN, R ERLOPHBIIEIEE L ABRENED SN (-
test, p<0.05) (Fig.27).
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Fig.28. Comparison of swimming-courses (classfied into the 3 types shown in Fig. 3} of
wild and hatchery-reared juvenile flounders
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Fig.29. Comparison of distance from initial to resettled position during feeding activity
of wild and hatchery-reared juvenile flounders.
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Fig.30. Comparison of swim-up height during feeding of wild and hatchery-reared juvenile
flounders.
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THEORART (D TIOM, J08, SO, THEBLET)2T -/ (Table 7) #0%, Kiff
PUIIG A O 28RSO 7 2 8 (Neomysis japonica® ER B200EEE iAo & & b2 LA,
IN Lo THRSNEANHL T L F, JEIEICRE L Y745 2 T TI05 Mk
B BEBROESET—FEITLEO, REoRH(EFTBEG) IZ1994F0H 26,5681
B3I COTHEIL, 1HBSIZ4ETy, BETHOEBREORIHIZIT LD TIT- A BERE

BELLETIBRELHCT, AR E0BEEITEH, S, RN, #ika-29 B
L7 IHIHT L RO R(T S » s EBOEHE L. TD5 b, #EikT - RAITowT
ik, KIERNT MR ER 278 % DR L, REEMORCIEICIKS LI-aEoRE (A,




Table 7. Sea-caught flounder juveniles used in experiments on effects of starvation period.

length of
starvation folal length Condition factor*®' Conditien factor*®
(day) {meanx SD.um) before starvation starvation
1 54 24 1 0 89t 0. 04 0.154%x0.013
3 52 B+ 3.2 ¢ B4+ 0.04 0 138+ 0. 006
5 54 7+ 3.0 0.99+0.10 0. 1390 007
7 52.3+x3 1 0.91£0.08 0.133+£0 008

¥1 Body wet weight (mg}/Tl (mm)? X 100
¥2 Body dry weight (mg)/TL (mm)? X 100

Table 8. Sea-caught flounder juventles used
in starvation experiments on effects of size
on the feeding behavior

Size Total length Number of
group {meanx SD mm) fish
S5cm 50.1£1.9 10
fcm 60 4+2.1 10
Tcm 69 02 0O 10
8cm 79 82 0 5
Ocm 88 7+2.1 5

B, C)icimz, #AFAIIEHS0ANNEREL 5 A7 RRICHCARAGREERGE
AFEN) CERLBERTNEL, I, BEETHOHSEAEREFFTRTRICEETO
HEE HL%OWRIL ) CREL, Z0#%, 2RIERERE(FAFYERR) THllEL T
FEEE & R 1z,

2| ABROBENAGFY I XILLZ3EY FhFRERORLLMOL 7 AMEMATOH
AT L%, BRI LALFETERENSOBEELTY, AR/ D2 2HMOR
OENFOBEVERE LA 194F6A8H ICRELHEE L HIafBEICER Sond S%en X
COSEI ST (B FoenBE, 6emdE, TeudBE, ScnfE, 9 em@F&FlT), FRENERI EEHULYT
2 VA TSR OB ARG %17 - 72 (Table 8). EERICHW-Hed n&ELE, AEORE
2L 2 EAEHER~OBEDEVEFZER L (om# 57 £ TR EAETNI0ERT 2, 8
cnBE L OenBE TRGEE T2 L ERICHVW A IEETSHOMBERIETEERI &
RUEFETEEL, #oRIaEEAELL. 4, BELIAEBEORTESHEET L



Table 9. Sea-caught flounder juveniles used
in experiments on effects of starvation
peried on predation vulnerability to 1 year
old flounder

Length of
starvation Total length Number of
{day) (mean* SD mm) fish

0 65.4%4.0 I3
3 66.4+3.0 L6
a 68 4+ 4 7 16
7 68 7£5.1 20

¥, RERICEHEELEEEEHN 843 1cn, 75 0£2 9em, 94 .8L3 SemDIFEOHAF 2
hZEhS1EE, 62fE4E L C20K, ERICAVWLHELRCAECEEL, T0BICAKY
el

EERI LI THOLNAETHEROMEMESRAN L SELBIZ L > TEREFNDOTHE
DEFRELAZ, 2ZL, BERBE 7S 2 7 AROMBEIEIOEVIEMBSHERLEO
T{Figs.31,33,35 37V EEA M EEIR L, FHESH AN LABIIBEET -7

EERN AR EMBORR BABROBL LI T ARAOEEREI LI A 1 EAEHEE
ELTHKAEERIZ L - T L7, FEERICIZEIZHIED 2 80 - FRPEL O AGE (230 X 90 X 60cm,
BAFH0% ) EH, AEEREY)F L RO (HEm) C2XEICA 72, 209
LOIKEIZE T A 1IFEA L IEECEYEE263E38m) AL, TEMORERAEET-7 &
HIRBEIZid e 7 ARASEEE IR B E3ECAT THREEL, £0#3H, 5EBLUTHRE®
MEME (LD TIHEE, SHEE, THELET)41T-7/:(Table 9). 3612, MEAMFMKIB®R
IEEOREMNEE LA-DBEEODE) 2ENL, 20EBICAIHELZHEL 1Mt fah
F—RKBPNIGR TR E Lz T, AERICELOH 28RN0 T 2 8 (Neonysis
japonica® EF) T H1000EAEK L, HACRETHEFRLL. HUBOHEL T I EOI
R 7 AOBEMAFMEY 2 BB L CH/A6KPLITHRI TOM) & L 4@t RE
L7z A (9F ~ 10BE) IZRIEMISO L 7 AMA L IFB S TR BT, 3% #EAO/K
BELBCIFBOBATHER &8, BACHRRACEEIRI S eaHl0R% 2
Sy A SRR L A

fis R

E R | CERCHWEEOREREISE, REEROZEOCEICHRZENRD LMk H
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Fig.31. Changes in time of off-bottom swimming
for ecach feeding behavior of sea-caught
juvenile flounder with progress in starvation.
Open bars represent frequency of off-bottom
swimming time, solid bars indicate that
beyond 24 seconds, and solid circles average

value.
D:35.7%
.
g 3| Imz 7
£ 4
< |
% 3 X=106 { X=108 | X=t22
g 2|
; 1 Fig.32, Changes in swimming-course for
[ , ) ) feeding (4 types,A to D) of sea-caught

1 3 5 7 juvenile flounder with progress in starvation
Swimming courses from A to D represent
from natural (wild) to unnatural

DAYS STARVED

Fig.33. Changes in average number of attack to
prey mysid in each feeding behavior of
sea-caught juvenile flounder with progress in
starvation

S DL, BEFNTROBEETIE, TORBOMMIZE % o THELETERIZED 5
#{Table 7), BEOFHEOMIITEEKIE) 1% TEFED LR, JHELEROME R
P TOBEMI D EERE) 1%P 51 0% TEMFEO SN 0FROEFTIRENS/FLA
Pl b 4 BIEAITEY (kT — AASREOBEICE LT EE SR ABE R O
i3, 1B 85, JABCISE, sHBECISE, THE CRTMTH 7. M4 OJ|ETH,O
MELITHEZO S, SEREOFTSMEIE, 1ABT2.67%, 3HETS 348, SHHT
7178, THEETI0.88%0 &, 1OBCH LCIEE, SHEB X UTHE T, 3MEBLUY

_45 —
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Fig.34. Effect of 5 days starvation on condition
factor at each size class of sea-caught
juvenile flounder Condition factor was
calculated by dry weight (mg)/TL(mm)’*x 100.

Vertical lines indicate standard deviation
from the mean
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Fig. 35. The relationship between frequancy composition of Fig.36. Comparison of swimming-course

time for feeding behavior and fish size of sea-caught juvenile composition (between sizes) of
flounder starved for 5 days Solid circles represent mean sea-caught juvenile flounder starved
time of swimming, open bars indicate the % frequency of for 5 days.

swimming time, and solid bars that beyond 24 seconds.

fEeibh, HEHHKOWEME LLIIERICE 22ERFEZS LN (Fig 31). 4B, £FO
ZHEORT A EKE) 1% TESZDH N, TRFADOEBEITIIIARLSAROBTHY
THBEKED 1% 51 0% TENBOLRA, Bk~ AT, 4GS DROLENE
BLIHBICHNTSHECREBO TRE, THETH S SIBALA(Fig32). ThizxL,
CHOXFIMEIEICE b LVWRA L, AB:BROLELIAESIMICHCCERET
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Fig.37. Average number of attack in a feeding behavior of sea-caught juvenile flounder
starved for 5 days at 5 size classes Number of attack is presented by a par one off
bottom feeding behavior

AL, TERTCRELITRA L, EROBERT - AOREHE L ZOREREZIBET
1.58+0 89, 3HEFTI 58+0.79, SHEETL 26+0.79, THEET1 1240.10%, MASHEIZIE,
SHWICETL, SEOFHEORIZBIAEBRKESS TENFED LN, ZATHOREICEIAR
LTHE, SHELTHRLOMIZFNZFREEKES CEMED LN 75 v 7 BT,
BEHKOBNE LS ICIEOBETH TN D75 v 7 2T STEHHINL, THETIES
MDY &y 7 bEESN-(Fig.33). 74 227 B#OTFHEICE, 10Tl 060, 3ARET
1.08H, SHETI 20, 7THHTI 9L, BARLKE & ICHMT 2EEINT SN, FHO
EHEOBICIIEBEAE) 1% TEFZO LN, TNEAOFHICEIRRFoHE, 3HFLT
HEOEIIEEARE) 1% T, TASAELTOBOBICAERE % TENRD G,

EEBR I BAFERTROSHFONBEOTHMEL FERZIZ0 148120 011~0 179+
0 QI3DEEBTEEL L b 2L, Senff & 0enBEOFHME 2120 031OEHFR SN2 (Fig.34).
BEEZRICETE L/EORAOREE L0 14820 011017920 030HHETERE L B I2H
mEmE R LA, REAEROREY A oMb icl~<s &, 33 L SEHEEELD 010~
0 015DHETEWEEZ AL, SHEODEAERT I L-> TEHFc L, RITERIIEHEFETL
It hHEE SR

05 HE O E 7+ igh 585 5 R JIEN R E & 2 BAfTENE0cnT¥ T148[0], Genff T169M,
TemlE 71210, ScnfE T155/, JemBE 7RI TH -7z, B4 OBRETHL-OHE LTHERE
D3 b, BEREEOTEEIX5cndE T4 318, 6enBE T3 868, TenBE T3 638>, 8cnf T4 7745,
OenBE T3 71H L, RADESELOMIHEL BRI R (, SHOPHEOMICIIHERLEIE
HHRNAdoziFig.35). EkT-Z0MEHOREIZE, REICELEIEELELEED
LT, FOREREISBE, S 0enBE T TERFRLT2E1 .04, 14320 91, 1434076,
1 3820 95, 1.65+0.847% 572 (Fig.36).

F ooy MBAOFEMEE, SenBfATL 196, fenBEAT] 11E, 7onBEAS1. 000, ScmBEAL 12,
GemBEAT] 05E &, £RICE LR SHEEFLEMEMIE L (, SHOFHEOMIZLHE TG




B O i1 {Fig.37).

ER N EARERTHRICAUE*ARLA-EROKERNTE, L7 3ol T
FARBOERLERNTSFEEENLY, IRECIAHBECHE s AR o1 L L,
BH, KEMCERL TWRAIZOR RN IEE, SHESUEER, SHEF MK, TR
1AL, 0ARLTEBVTEET2HLL TV TLMEROIERD I LHEDBHEY
PLIEE, SHEBIUTHRIERFN2EETORESH, #HEL (i viAIHaEsh
Rio 20 L, BAFELAHEILZFEEE CHESRAERER o7

Z -4

AR BRTEBOME ERIOERE»S, 2EHSaoREHEAOBRTEIZEHB(3~7
BR)OMEI L - THELE(TAZ AL ER oA, F/h, BRIZELAZIZNED
REEATEIOELIE, 2FEH5cn S 9en® HH O RAMD \IFIZRARIICHER S 2 L BERT O
MRALEESNL MEREDE, #AOERECIEELRTHRSED LI Ehh,
IO RBETHOEENBEOETICEL R BENOERICEREL TwatEr1nh
2 _

CHET, EEFHIE, BRECENEESNSY Y A ATEE TIIRRMERII A THERIER
PHELMCEL, FOTFHEIZL 008 ~6 24H0HBTHD2 I L2 HE LA H® L,
FUGETCREMEOEATE 2 E L-KBT Tk, BAHMISHL L oMERO M KRR
OFIGEDNT 1TE~10 88Fb &, MO ATHEHOME RE (LML Zhs, RBEHATY
MgoETICL ), BEOATHEEL LIZEETESRBIC L2 MHEELRLERE LTE
Behad L, FELOLIFAMAOB|ETHOHRETIE, BkT - AdKkE { 3HA (A,
B, Clizg#ish, ALEH CERBMA I TRES L& 4biwiEil (CH) o g
B EEERLA Y ThioE L, SEROMESRE R To A ATHEEIC, AENEA
FLHECEMCKENSD, HROIEHOWTRICDETRESLCTHNFEL 245 2 4
BTz PVERIIZBCTS ThEFAMBZERTH(DE)FBEDRCL 2o T
L, @ﬁt?&y&@ﬁ%@MLTm%’aﬁ%,:miﬁ&Dﬂ@ﬁ%:—xﬁﬁMLt
BE —EOBEAFEHTY IFCH LT 2ALLO T ¥ v 7 2179, EEEETEHOBNM
ﬁ&étﬁzén%"7:@:%15_@¢7&§ﬁw%®%w I, wFhLIBEEED
o TWwEIENHEESNE,

B, ERIDOSHELERI OB CHREEAFZERABTHI L L2 E T, OH
DBEATHOREE IR BRI A E 2 EMRENLS HEORBEILEAIZEN I L
b, SURORBELAC S BEFEONEEBETBLIET BRI S 20 EBIER RS,
MEREENENIFE6HZA LGH28R T - THB Y, BARRLZ EOBELBIIRL BV
HofzlEPFEFEALNRE, IO ORBEFEFNEFNOERRIIBOTEFAN—-THas
5, EHOMEEOLEIZEAMBER 2V, SERHOLELT I vt IhbllEEcE




B P TBEEGFIOVTHLPCITALENS S,

B WBOBRR HASKAe I AATEHOTELREERL LT 7 AREAX v
Fh PELESROEEII L ZWEMRESATYA, P39 3/, ATHEEIRAEAIZL
N, THSOAFIHESAPT VRS A LEI LR TS, B8 $bs, ATH
BIERAEACESTEEFSHO-ONBEREFRE, BREENE(, £, EkI-2A
i FEEER S ¢, ERIEEAERECIEND, 0L IABRVEREL WD NiERT HE
BRI EOHELIEL(EOLbDLEEI LN, — K, RFREECREHETT 7
Epl 60 ik KAMAOBEREAHE FEE LGB EAE Pl od b, HE

DAY EFBRTALOOEGE LT, REBAOHRAROMKNEICGRATHTFETL L
FiHNE, DROOERE, B9 AMSICE > CRABICERBBREENLD, ROl
kT 22 L REORBERIEMT A AEERAT A L aRT e bIT, REREAOHR
BETENCHEEORR T MBT ABECIMEETIHrHL 2 2 R7EL TS

LA L, RERTTIE, RARAILBVTY, bTPI0BOHEASHEII O LR
AEEN, $i, EBRI TRENFOBEICE b2 RARLOBETB O, wihd
TR ORI L A MEOEEEED A HMCERERTL EEALNRL. ThODHK
g, B ELEHAESHIC VBT R ARBEAC BV THHIBOETIZ L - TERMIC
O THESARTVWIREBICERTE Z e RBELTWA.

EIAT, BEgEoe 7 X ANTEBICE W, EHM0H MEE) O AL X 4 A
EEOFECERE AV WEZILNA TV, P XAHA T BWTHEREZEALLOND
A, RO THEICL 2R 2T VI LA RLARERERE LY, REHAOREERL
LTSRS THBROEER LI BRET L LOTH L.

AHEMAORZIERCH>VT BHEORRRENTE, KECMA, FELAL T AHA
FeE AR ARITRETAEEAONTRY, 2N ZOEERE LT 7 XREER
POEEEEEICLABEOTREMEE STV, ¥ UL, e 7 ARKEAIZEAT
BEICESTHES R WITESEA S L EER R TWAZ Eh b, ¥ ZThITRRE
HOTELHEERCEEE RO AREATTFTH- 7 Lo L, FEROHR, R
BRI BVTY, JURREICL » TRATER LIRSS TVITHERT L% 5
SEFEHL IR o7 BREIREOL FAREBRTHICBWTE, @FCH LU S TR
LI ARACTECEREY THL T IFOFHEFBRIIBLTH I L, B E, 3EF
Bk 7 ARBAEL I T2 EOHRADOTHEFEINT 22 6¥ 2o, EHEFOEL
CRET MM T A RRBEOHEIC L 2RETASE TV 2R EEENL.

ALBERRRMCOVWT 7 AATHEETIE, 4 AMNOBEC L > THATEI FBR
2RtV ERICEMTAIEARESATVWE . T HEL ERERALVBES LT
FEEEOHLATHE T, SIBOETIII~THEOEREIZOIIKERLEERD
HA, Lkdts T, ADBHEORRIZHz o T, ik m#%ﬁﬂﬁﬂmhw%né%%%
BETLILMNMEINBEBL 2L T4, LIABENELZEDID, ﬁr&#%hi't‘@?
IEEERPLAEREAEERL, FRIZE DL o TBERORFS, OEFH~LESREEAT
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FAE RUAMAOEFERRE

ARODER LB

N AN ERERIE, ABIEETAL I AYBHOEELR, REHLLTWD I &40
LRTWA, P9 Lpl, MECMATZIRANROEREISSAE I TED Tk
WEHEFEER, U0 FREROBETRS TRAEALKII L A UBHOSH ISR
KA TLIEFMESNTD, "% bR, SESORANIIREDHENEEL Ty
AAREUETEL TS, *9 o) 2HEBBIT L5 AHEORERR, L1 b,
EDXSHHENRETZOPTIBBTAZ L, IXREIORIFEHTEREIATVAEAT
EHHROMELIFEOL L CHERIERELZZ O ARTIE, ENMBHEEERIIBIT2
by ALEMOSA, KR, LG, BHRESIUCBEEREBEOSYNEILEAETL, KB
WEOBHELEE L

M ERE

198%4E A H19914E 2T T 7 XA ATHH OB ER Y T TE - BIUEBEc B 28
TS ORFEERAEEIC R U EER(Fig. 38) 28w T, 1994EiCidms e by, 15
POBHIZE I ABFAELTLHRL LASHE, ERMAK, BHRE(SHEY, BEX),
BLUREBEOSHMELEHELL T4, TIHOOHEL LI AL-2ZBROFNEY D
e TR RN OARREDD S 13nD FHERBIZH - TRITA S RORETRIIBVTYE —
HAPO—NI(E-A%m BATm ATk I ALUKEOREL T, ABLEERSG
PSTHIE L/-RAWEEREIC & o THMERES - ) o ARBEERE ko T4, BEiCEd 20
AEEBETSORMIBH LA 7 A YREBOLEMAREFAL DY ~L O — 1
(¥~ A4&l0m, ZWES10m) zHWTRETT o7 BELL 7 AYRAIFOHTIO%
HREN<) CHEEL, FbhFo TERm), AE(BRNFWRERODEER(p, LBREER
(@ BLIUBNFYES(BER () 2 e L. FEHBESI2E, K, Snd L 057,50
ERICE - ER 400m, Bln0#EIC By CEAGHEEY tHY - 7 ALBAOSHEE
TS, FOERANBULESE CRELEY LA O— L LIZ AL AEAKE LT 5
A BN D YFEEORESELHE L

T IFEOFAEE, FHEBHROKESD, 1008 L FIMIETHEHICBCTY Y Ry P ED
2 0X0.4m, BA0 7om) 24000 5620nRET A Z LI L 04772 RBLET7 IHOBEE ()
Tl L CREERZ2-VOABESEL RO, $, I3 ASBEORAREL BT
O, AEERL 20O 0K, HEBLURHENTHVWTES A, 2805EEL, §
WEBERAELL FTh, ABEORAZEHETRELHADLSEBIUVREABOELZ LS
DREEDTHEOEDBRET TSN ESERE, TARRECL T
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Fig.38. Location of the surveyed area for wild juvenile flounder. Solid and dashed lines
indicate sampling lines by beam trawl for juvenile flounder and by sledge net for
mysids, respectively
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S B I94F4H2Z2HLHTHIBRE COMICE -2 O — L [ICLB@ELTHITY,
AR 27 516300y & 7 A M58 24, 623EAERE L7 1M OFA TR L AERIZS, 600m
2510,710 Th b, RELL I A YEEIEF4EE, D, 329BETH - 72, RMETESZY
DABEEES SHE LA ST 2 5F/EE T LONMEER, 4A28Eb T
0 001EH, wt T o725, 5H 23H (130 08, o & 2B HML, 6A6H I RAMD
0 147/ iz E L7z, 20, 65168 00 116MEE./n’, 6H23H @0 045 E6H i Ll
W b i R AE A BN 7z (Fig.39). THIABE, 1LA®O 0264/ m’, ISA®
0 OL7{ER, m' & WAMER LR 2 E - /2.

£EBEE REAFROLRMEOER, 1H220 10X ERI Inns G 43nm (FH £ HEHERFZE
38 03 8lm) DEAILEEREENLOZTH o742, H1H BEHOSAH ISR 2m
587om(34. 3+ 12 9mn) DEEREHOHEL D L HE UAHA T CRLVERER MG AR
A L7z E5IT6A6HICIRERI2m 5 109mm (43, 8215 Omnm), 6416 iZIEE T 5
140mm {60 321 dmm) OF A FRES A, 2REKGSABBAEOMIZIIEA LB L 2 - 72 (Fig.
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Fig.39. Seasonal changes in density of O-group
wild flounder estimated by a beam trawl.
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Fig.40. Seasonai shift in size-distribution and change in abundance of 0-group wild
flounder in 1994.
Open bars indicate fish collected in the surveyed area shallower than 13m taking the
density into consideration, and clesed bars for fish collected in offshore nursery area of
20-50m in depth, not taking the density into consideration.
40). 6523 H BT XIS 0 MUK (£ B15mELT) DARA R C &Y, 208, R/ME
B A AHKE L2 &h5, SATHBE~ORERTAOMARER BOE TSR
TLALEESA: SABALROLEARIIER L - O0E — F (KRR, A OF
AENEESI R E2EHELIS, Z0o0E - FEERGME LTHRESOHEY THIFL



Table.10. Seasonal changes in number of 2 size group of juvenile flounder estimated from
size distribution in surveyed area in 1994 using by Akamine's method™.

Size

Group Item May 23 Jun & Jun 16 Jun 23 Jul 11 TJul 18
Area (%) 26.3 6.6 80.9 7.1 _— 73.8

targe Number/10000m 226 97 930 293 200 118
Mean (TL. mm) 48. 82 74.15 65 01 71. 89 92. 71 93 59
S D. (1L.mm) 5.75 8 b4 18. 26 17.95 8. 64 13 9
Area (%) 73.7 93.4 18.1 22.9 E— 26.2

Small Number/10000m 634 1367 220 87 —_— 42
Mean (TL. mm) 27.13 40. 88 34.57 43 96 ——— 63 70
S.D (1L ma) 6.62 12.7 8 54 7.63 —— 7.24

* Computation did not work due to insufficient data.
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Fig.41. Average total length of 0-group flounder at each sampling depth collected by a
beam trawl in 1994 Total lengths are shown by mean (solid circles) with + standard
deviation.

PEER, SMEBEOCSHEIZ6H6 B ICRAME (L, 367EE10,000n") AR L, WABRANCOT
FAEE T ALBFHENN%LL LD, FO%, 6HBHIZRKEN6%, TAI8HIZIE3%
R, B AYOREFERI0MICET A 2 E i S BT ES LA (Table 10).

—7, KEBEOSHEIZ6H 1602 R AME (9304,10,000m") %75 L A47%, 6H23AICE®RA
fED23% L ST L, SSHITTAISHICILEY% & & o 70, AREC R THAER 5
BTh o7 FRAFROEESAORAB L BEEAZK,LROASEHORERE 523
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Fig.42, Seasonal changes in food intake index Fig.43. Seasonal changes in condition factor (dry
expressed by percentage of stomach-content weight(mg) x 100/TL{mm)") of flounder juveniles.
weight to the body weight (wet) of juvenile wild Solid circles dots and vertical lines indicate the
flounder in 1994. Closed, open and vertical mean and standard deviation
striped bars indicate mysid, fishes and theother
preys.

H2H6H6H F TOMTIEAREFTL. 80mm/ B, /NEIFF T0.98mn,/ H & ¥HE 2 ERD LR
A%, 6A6HPS5THI8H £ COMREE T BREUGTAT LR, KT 64om/H, /NE
BT063m AEMBLDCELNETERERLE

7H21H A 5280 £ COMICRERBEFS OKE, S0l BTE—A bu -V & H
WTRE L2180 O v 7 A LA OSRIZ8TmnA 5 173nm (8 +EHF 4 ¢ 133.6£20.8
m) &, ZOFERIEE00mIEOBECHD, 68 POLRICHEESE» S BRIIES L
EFR00mELFOMEFEORREKE IRE (E2 o2 (Fig.40) T/, YFEEBRICBWT
I ANBREOGHENBL LIBOTHBANLTABAECOWAMIIY-AbT -V T &
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Fig.44. Seasonal changes in predation rate on O-group wild
flounder by 1-2 group flounder in 1994.
Mean predator size was 2875228 1mm1IL and mean prey
size was 66617 4mmTL.
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Fig.45. Seasonal changes in mysid biomass at 3 depths dm,
10m and 13m in the surveyed area in 1994
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Fig.46. Mortality model of starvation-related predation on juvenile flounder, based on
seasonal changes in ctitical elements related to mortality.
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Fig.47. Map showing four release areas (Yodoe, Aoya, Karo and Uradome) for Japanese
flounder juveniles conducted in 1994 (10 to 20 May).

Table 11, Details of release for hatchery-reared flounder in a coastal water of
Tottori Prefecture (1994)

Date of Released size Number of released Area of released
release (TL . em) flounder (thousand) flounder
May 10 45 . 7+ 7.8 212 Yodoe
13 4.2+ 9.5 230 Uradome
17 56. 9+ 9.6 229 Kaxo
20 59. 1+ 10.5 328 Aoya
Total 999
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Fig.48. Total length distributions of released Fig.49. Total length distributions of released
{10 days after) and wild Japanese flounder (14 days ofter) and wild Japanese flounder
juveniles in Uradome area Closed circle juveniles in Karo area Closed circle
represents mean total length with = represents mean ftotal length with =
standard deviations of released fish. standard deviations of released fish.
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on 24th May 1994 in Uradome area.
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Fig.51. Condition factors of released and wild juveniles collected in Uradome area on
24th May 1994, Solid and open circles for reared flounder represent juveniles at just
release and 10 days after refease, respectively
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Table 12. Catching data for released flounder (1994-year class) by beam trawl net fished at
offshore area of the central part of Tottort prefectural

Survey Sampled Released fish Released fish Recaptureed fish

period fish in the sample retio (%) size (Il nm)
1994 Jul 233 12 5.2 147+ 17
Aug 202 11 5.4 179% 36
Sep 18 1 b. 6 213+ 4
Oct 173 19 11 0 208 38
Noev 346 31 90 208+ 38
Dec 48 H 2.1 225+ 35
Total 1,020 75 7 4
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Fig.52. Percent recapture of Japanese flounder released in Iottori coastal area during
1990 to 1995, showing significant increases of % recapture since 1993 at which earlier
release started
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Fig.53. Contrasting length increase between 1991 and 1994 groups in released Japanese
flounder with length distribution shift of 1994 wild juveniles Black length distribution
indicates that for juveniles which have moved to offshore nurseries.
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