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Growth and Maturation of Red tilefish Branchiostegus japonicusin Waters off Yamaguchi Prefecture,
Southwestern Sea of Japan

Mitsuhisa KAWANO - Chie AMANO

Growth and maturation of red tilefish Branchiostegus japonicus caught in waters off Yamaguchi Prefecture,
southwestern Sea of Japan were studied. The age was determined by reading yearly rings of the otolith. The length-at-age
data were fitted to the von Bertalanffy’s equations by non-linear least squares method. The equations were estimated as
follows: Lt=376.8 (1 — exp (-0.337 (¢+ 0.498))) for females and L¢=518.8 (1 — exp (-0.212 (£+ 0.654))) for males, where Lt
is the total length (mm) at #year-old. The growths of the both sexes during younger ages were slightly greater than those of
previous studies conducted in the East China Sea and western Wakasa Bay. Relationships between the total length (4, mm)
and maturity rate (M%) at ¢ mm were estimated by non-linear least squares method as follows:

M0 =1/ exp (exp (11.32 — 0.0373¢)) for females and M2 =1/ exp (exp (14.478 — 0.0428¢ )) for males. The biological
minimum sizes in total length were 244 mm for female and 285 mm for male and total lengths at 50 % maturity rate were
estimated to be 313 mm for female and 347 mm for male. Both the minimum biological sizes and total lengths at 50 %
maturity were larger than those of previous studies conducted in the East China Sea. The faster growth and slower

maturation at younger ages in this area may be caused by the lower fishing pressure than that in the East China Sea.
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Table 1 List of Branchiostegus Jjaponicus samples for the study of growth.

Sampling date

Number of specimens

TL (mm) Fishing gear
Year Month Day Male Female Unsexed Total
2003 Apr. 17 22 8 30  285-455 Long line
Apr. 24 46 47 1 94  247-361 Long line
May 22 44 53 97 233-443 Long line
Jun. 17 39 51 90  255-461 Long line
Jun. 30 2 2 360-373 Long line
Jul. 23 33 55 88  244-402 Long line
Sep. 16 25 29 54 228-385 Long line
Oct. 22 6 0 1 7 182-385 Long line
Nov. 29 3 18 21 210-342 Long line
Dec. 2 6 49 55 205-335 Long line
Dec. 9 0 1 1 210 Long line
Dec. 14 3 3 395-446 Long line
2004 Jan. 7 17 22 39  263-416 Long line
Jan. 15 11 5 16 246-403 Long line
Jan. 28 13 6 19 235-328 Long line
Feb. 9 32 45 1 78  210-423 Long line
Mar. 3 21 57 78  221-459 Long line
Jul. 7 9  348-450 Long line
Jul. 15 17 2 27 299-437 Long line
Aug. 10 20 50 5 75 265-445 Long line
Sep. 13 4 8  253-386 Long line
Sep. 14 9 13 326-423 Long line
Oct, 22 29 21 50 230-447 Long line
Oct. 23 8 13 3 24 234-441 Long line
Nov. 25 7 7 405-420 Long line
Dec 9 60 69 129 305-531 Long line
Dec 15 26 7 33 230-463 Long line
Dec 16 21 66 87  258-355 Long line
2005 Jan. 18 22 38 60  260-457 Long line
Feb. 6 15 34 49 227-451 Long line
2006 Nov. 20 55 54 109 178-272 Offshore trawl
Nov. 28 46 62 108  176-388 Offshore trawl
2007 Mar. 4 6 54 60  209-256 Offshore trawl
2015  Jun. 17 7 7 93-103 Beam trawl
2017  Jul. 12 3 3 99-102 Beam trawl
Jul. 20 2 2 167-174 Beam trawl
2018  Jun. 19 4 4 96-127 Beam trawl
Jul. 18 3 3 95-142 Beam trawl
Total 663 944 32 1639
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Fig.1 Relationships between the age and total length
for femal and male Branchiostegus japonicus.
The line indicates the estimated von Bertalanffy
growth equation. Small circles show the observed
data.
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Table 2 Comparison of growths for Branchiostegus japonicus among studies.

This study Hayashi Yamashita et al. Iseki et al. Ozaki et al.

TL (mm) (1985) TL (mm) (2011) TL (mm) (2017) TL (mm) (2008) TL (mm)

Off Yamaguchi East China Sea East Cina Sea West Wakasa Bay West Wakasa Bay
Age Male Female Male Female Male Female Male Female Male Female
1 153 149 150 142 150 136 128 111 133 130
2 223 215 223 201 216 201 224 200 215 189
3 280 261 277 250 289 248 293 254 272 233
4 325 294 317 284 314 283 344 287 313 267
5 362 318 346 309 350 308 380 308 342 292
6 392 335 368 328 380 326 407 320 363 310
7 416 347 384 347 405 339 426 328 378 324
8 436 355 396 352 425 349 440 332 335
9 452 361 406 360 442 450 335
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MM 6= 1/ exp (exp (11.32 - 0.03739)), n = 436

WM 0= 1/ exp (exp (14.478 - 0.04280)), n = 297
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Fig.2 Relationships between the total length and maturity
rate for femal and male Branchiostegus japonicus.
The line was estimated by Gomperz equation. The
closed circles show the observed data.
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Fig.3 Relationship between the total length and sex ratio
of Branchiostegus japonicus. Dots show the moving

averages (n=3).
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Table 3 Total lengths in each period and the standard deviations of Branchiostegus japonicus by sex.

Female Male
Age Total length (mm)s* St?ndérd Total length (mm)* St;.mdérd
(year) deviations deviations
Sep. “Dec.  Jan. —Apr. May-Aug. (mm) Sep. -Dec. Jan. —Apr. May—Aug. (mm)
1 162 185 205 14.0 166 190 213 14.0
2 223 240 254 20. 6 234 253 271 22.2
3 267 279 289 25.6 288 304 318 35.4
4 299 307 314 27.0 332 345 357 41.1
5 321 327 332 27.5 368 378 388 34.9
6 337 341 345 22.8 397 405 413 30.7
7 348 351 354 23.5 420 427 433 24.8
8 357 359 361 23.5 439 444 449 24.8
9 362 364 365 23.5 454 459 463 24.8

* Total lengths were estimated from the von Bertalanffy equations shown in Fig. 1.

The average total length in each period was used.
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Noteworthy Phenomena on the Marine Organisms in the Southwestern Japan Sea
off Yamaguchi Prefecture during 2014-2018

Mitsuhisa KAWANO", Takayuki SONOYAMA®, Shigeo HORI®,
Keisuke OGIMOTO*2, Takuya KUNIMORI* and Yoshitaka UCHIDA*

Noteworthy phenomena on the marine organisms in the southwestern Japan Sea off Yamaguchi Prefecture
during 2014-2018 are described and listed in chronological order, 210 species have been identified during the period.
The number of identified species and reported cases have declined from 2010 and 2018, respectively, which would be
caused mainly by decrease of tropical/subtropical species. Drastic changes in the fisheries resources have occurred:
the catches of Japanese anchovy (Engraulis japonicus) and Japanese common squid (7bdarodes pacificus) , which
had been dominant in warm water regime from 1990s, have remarkably decreased, while that of Japanese sardine
(Sardinops melanostictus) has increased. These phenomena may be prognostic changes from the warm water

regime to the next regime in the ocean ecosystem.

Key words: Southwestern Japan Sea; Noteworthy phenomena; Marine organisms
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VBRI Z & SIS RO A FEE D AT
IV b fil, PsiAizC 18, RERHRC 3 220 L 4 (8 2
L LD, PR Y ORI E L TRY, AL FEES
i,

AFVEEL « FRTYE, 27/12/2014, BIAAH 1Ph[YG A

e

Jiik] o
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FrauRFNA D Abralia (Heterabralia)
andamanica Goodrich, 1896 [RXhK 1-3

ARET A FERA) A v =PRI M
%0,

ZHE TR R AAYE COB#ITEE) T2, 2 H 25
A2k R PETH O BEAYECIHAIROEET 2 ik (36
mm, 41 mm ML) 2MEEH ST,

I G OERIHER S L OMEIENS T EINER D 65
~T75%, 80~85%TdHDZ L, IREKIZSEDIIEERNHD
Z L, il RN 2~3 ORI HD Z LoD, B
HOORHEE L TRBY, AL EESN,

AIFUEER} - KT RIS PETHR H AN, 25/2/2015, JATEFE/A,
1Pr[HH-Mo02781], {RTEFHE/A, 1Ph[YG Ffikl .,

2015 £

FHTIL, 1 A FA~3 A HANCEK TR GBI &
W< HYA Brama japonica (25-43 cm TL) 7355
g, RO ERE Y Gl (IC2VWAT
#75, 000 BAKEHT Shi=, 1 H 6~19 BIZid~A VY%
fa (12~16 cm BL) 23R o & e CWise A
ML, fmeT1H 16 Bl 22348 (Q0ke/4) s,
%72, 3 H 30 BIZiTZ~A UK (20~23 cm TL) A3
TEENETHI 200 46 (R 20 ke/#8) Jfshi, 2 A 13 H
25 3 H 16 BIZiTs kD~ 2T Gadus macrocephalus
DR B EEMER Z3w ChEsR e & 4 fEIfK (56
~69 cm TL) JfEXn7-, 11 A 8 BiidkiiEALhT
HAWETT 17~ XA Branchiostegus japonicus DUEFE.
77 A 681, 369~434 mm TL) 2SHERSHU-, BIE
fEIA A AR U Ot L7 R, AIROPIIR SR 1372 <, b
R EbFER (B, TR 23 LAONIZET Tho
7o F7o, 11 H 4 Bl RRSSERA < A Lish Eli
U7T=HEERIORERIZ L5 &, 10°CLL F OB KDN T
BHEE TRV HL TV, ZRHDZ E0b, asSoiE
RCHEFE LT mTREMRI S, 7KICit R HAvTIZEE LT
ATREMEA S Y,

FZBECIX, 6 A 12 BIZH T N H= Tachypleus
tridentatus 118 (400 mm CW) 2% FEEmEZE A&
K 10m "CEEREIZ L 0 Bl Sz,

ARBECIY, #A A UA B Architeuthis japonica 73
2 H 18 B T RAmT ST A4 Ehifie gk 2~3 Hfki L
T 1EfR (1392 mm ML) fERS72iEAy 2 H 22 BT
P CHTZ2 AR 1T C 1 AR (R9 70 em ML)  ODEAE)E

S,

RSRHETIE, 12 A 10 BISE RS (367 N, 131°
15’ BE) THAA YN Thetys vagina OMESHEAR (K12 m)
D3 20 T8 S A7, AT 10 A AR SBURLAED B A
TREIZRAEL, BIRZER FHUR) DRk R TR,
72 & CEED A L2

BRI CIY, 6 H 5~16 RICIERICH DR I L
=7 T4 R —2FEURE Karenia digitata ? DS RKEIC

(B AR S 27,800 cells/me) HERL, ZmiEH

(2016 ARIZRRT D U7 FEHE TR L1 1 51,000
cells/m0) 73 FRIr~BT BTN LRI SR T ST,
F72, 8 H7~24 BIZIIARTHEERE L TRbANON
TWAHVL=T I%FE N Karenia mikimotoi DR
ORI ~PTEE TR RS S, e B
13,333 ff/ml Tdh -7z, 8 A 8 HITIEREPTIzRIAMEA Ciff
KIMEEE R L, Rt T Stellaster equestris &<
T~ Apostichopus japonicus H 20~30 {EHAS VI
TETEN A>T,

PUFOEMNIES OB 2R Y, 2019 4F 10 A KK
SUCIL N RYIREEFE T 5,

RO XA K  Rossia (Rossia) pacifica Berry, 1911
AR 1-4

AFEIAN—Y o 7YELARE, HAE A ARDKEE 100~600 m
DR VoA L, = Pe~AWffE 7 ORI 5l
AD 0 ZHVE T AR AAECORIM M 57223, 6
A 15 BiCiin B AAYE (35° 20.8” N, 130° 38.5° )
THIEIC L Y LA 65 mm ML) AMEEdiShr-,

Z DB SNBSS AAD B DEGIRT, fETHL A
17, SVERROERZRER L S L QU VW2 &, iiEns
25, flfEiEs 8 FICH D Z L, B OVDiHEE —
LTy, AELFE SN,

AFUERE < LA FAYE (35° 20.8° N, 130° 38.5° E),
15/6/2015, PNHIERE, 1Pr[HH-Mo02782] ; NHIEF4E, 1Ph[YG
Pkl o

Y5 Y H Y Davidijordania poecilimon Jordan and
Fowler, 1902 PR 1-5

AT IARE~ TR ORI, ARE~ 5
R BAHEN e, ARREA R — 7 W  wEREL,
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B2 —JHHE () (it 50, ZhETlniREAR
W COBIBITID 7223, 6 A 15 B LA Ryh BAYE (35
°10.8° N, 130° 43.5” E) THiElZ &L v 9 fEl{A (146. 9 mm,
143.5 mm, 125.8 mm, 109. 8 mm, 128.4 mm, 120.5 mm, 118.7
mm, 131.8 mm, 141.8 mm SL) 25EHH ST,

T HDERIAR TR - TSI S 2 &, 36
FORIZHFROBH 5D Z E b, Fi O Drtifis —
L TRY, AHEFEE I

FFVEERE 1L A AT (357 10.8 N, 130° 43.5° E),
15/6/2015, NI ERE, 9Pr[FAKU138154] ; NHIEFE, 1Ph[YG
ikl o

=R FUHTH Cottiusculus nihonkaiensis Kai &
Nakabo, 2009 Rk 1-6

TR TARE AL - EUIE, B~ TUNIbEO A
WA TP EE, 7= 5 9,

ZAVE T A B A COBHIEIE) > 7273, 6 A 15
AR A AME (357 20.8° N, 130° 38.5° E) THr
MEZE D 4fER (57-71 mm SL) 2SEf I,

IS OERIHARR AL R AR Ak 2 C B fig RiciE
THIE, SROSENEIIETH D Z &, LRI
EEIZW DD DR B D Z LD, O Ot s —
HLTEBY, =KX nohERIESN

FFHVEERE : 11 L HAYE (357 20.8” N, 130° 38.5° E),
15/6/2015, PNEE, 2Pr[FAKU138152, 138153] ; NHE
W&, 1Ph[YG k],

2016 £

FHTIL, 4 HICRMATRAER T~ A U gt (4~5 en
SL) 2865 hréFElFo TSI, 4 AT~V
LN EE SHLUT=DIT 1990 FELCR 26 50 Th %, — 7,
T BT FA T Engraulis japonicus VX, BEIEHD 6~T7
Holm Rapmat s #5e g oK T &% 196~ L
372<, 1965 FFLIERIK CTh>7z, ALFTLLTOLEY
FEOEURAEDHBN BN o7, 5 A 14 BRXOS A
26 BZA Y% Parapristipoma trilineatum, 10 H 27 H
WA =AY Inimicus japonicus, 11 A 1 R\ZHH 7 F
AU, 11 A5 BTV~ N~ A Sphyraena Jjaponica,
11 A 18 BICXH ¥ [fptatretus burgeri DHAVEA
DHER SNz, BLDIFENZOWTHE S 20 13, A%
WZOWTTRISFERIC E Db D, BF 7 TFA VLRIV
Y~ M ATOWTIEEAMZ B L THEEI T ) A

REEB LI LR 2 bDLHEEL TS,

A TR ORIBAIENT H 125 8 ARG T
ALY 1~2CaEmOTHERE L, FR28 A 7 A5 20 AIZ
PNTTIE28CHE &L ARk L7c 2 L DFHEI T o T2,
Z OEAIRIZBHE U7z & i RIS K OviliaEhy
DHBIN RO, HIEETIE, 7~8 AICYTAA
Thysanoteuthis rhombus S (36~52 cm ML) 23U )
DOEERET, 8 H 2 BT 4 2 Oeythoe tuberculata

(212mML) 23 PAEXHET, 8 A EAICATHFHa
Tremoctopus violaceus gracialis (10-15 cm ML) 723
FEMERETEMSN, BB T, #2295
Makaira indica (3~T cm BD) 738 H 9 HIZEPMHaH
Vs CRE (59 200~300 fREIIA) 1TilE L TN D DD
I, # a7 77 OREFAEIZRM MR AYE T
b 8 H 22~23 RITHER Sz, TOMII=FEL 7T
Stomolophus nomurai (K350 cm BD) 738 H 8 HIZEMri
ICHRLE HEC K0 K9 50 B, 8 H 18 BITRIIATE
BN 0 #0950 fEHAHH S U7,

A CIIA 7 M= 18R (237 mn OW) 233 H 7 H
VR =R AP KIZRET 22 m CAMUOESHEIC K
DR SV, KM - AT TR S5 DI 1984
R KT AR Rl S TLKR 32 250 Th 5,

PUF QAR ST 2R Y, 2019 4510 A KRF
SCIL A BRI FE T 5,

Y I IA Y Buprymna berryi Sasaki, 1920 BRR

i1

2-1

AFIAA, TE, B8, 74V, ZAITHMTD
10)

ZNE TN R AAYE COBRITIEN 7228, 9 A 27
FUARRE CHIEIZ L 0 LEfR (27.5 mm ML) 23Efi S 4L
72

AEAIIED 4 BN OWED 5 B < J8FI & bk 5 2
&, AR DN S D\ T~ Ra A TRICH D =
&, HEOIEMN MRS D Z L hh, R VO —
LTy, AHELFE SN,

VSR ALIRRE, 27/9/2016, PNFHEME, 1Ph[YG FEkl,
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ZEH 2 Octopus longispandiceus Sasaki, 1917 X
ki 2-2

AFE PRGN, R, B P REE, EEC
AT B Y,

ZHE TR A COBRMITEED 7225, 10 A 16
Rk R EAEmEH (35° 21.9° N, 130° 36.6° E, /ki%
153 m) THHEIZL Y 1A (77 im ML) 23RS,

AEARITRHRDI RN WEITH D 2 &, 3 1 ihRET
HD L, AR S I HER LR S ThH 2
&, TR GBI RO ASHIREK 100 CTH 5
Zeph, RE YRt E L TRY, A LFEES
77,

AERLE R - i LS AEYE R (35° 2197 N, 130°
36.6" E) , 16/10/2016, PWNH®EE 1Ph[YG Akl ,

2017 £

fETIE 3 A 17T BIC¥ T~ XA Branchiostegus
auratus (46 cm TL) 2K CIERRIZ KV 1 {EIAEHH =
iz, £7o, 7T A 11 BIZXY 2770 ) J1A AL
THRMEIC LD 1 ER (2142 mm TL, RERHE) FHESh
7o BT, 9 A 27 BIZX ST Triso dermopterus
DSETIC/ VRO LB (50 em TL) Fédli SAU7=,
JKPEREFE CIL 7~11 A2 = Epinephelus gruneus ()
30~60 cm TL) OIENRH Y, L0 RIS EETT
Y (grriissy) (2360 2 [FAlod 7 oifii & 3 13, 662 kg T
AIEERIILE 2.7 AL, @FEmEinote, F7- 12
AIZEFTHINF OB/ Y TR~ Euthynnus
affinis DIFfENH Y, FKiiipo 12 H ORI 21.7 &
AZEELT,

FOMOAMTIE, 1A 19 BA7 A=l (22 cm CW)
DML CHSEMIC L v B STz, £z, P ANTERY
RFA AH34 H 27 ISR IR ErE s < 2 81 R
13 em TL) , 5 A FANCRHEALFCIEIEOEHET 2 fEik

(94 mm, 84 mm ML) H£HfSrz,

PUROEMNIER OB 2R Y, 2019 4F 10 A KK
IRCIL N RS CH 5,

INVE L A Gephyroberyx darwinii (Jonson, 1866) [X]
hk 2-3

AFEIHERINT, KR~ B OICHERLF, Kk
VAL SR oD SRR ~ b L, T~ 3

T AR BB, REMHLIIHAT 5 9,

ZE TN R AARNE COBRITE 7228, 7 A 20
BNSHKTT LEALI T B Wi PSR 2 0 1 AR (325 mm
SL) 2Bl S A7z,

AEAIFATFIAEIEOE RN 5 D = &, JEH MRITH
RN L WRERAD D Z &, R S fhoofig
D OTICKRENZ END, hE Ot s —B L TRV,
AFd & [RlE S AU,

ARV « AT RLEAE T -, 20/7/2017, NHE
P, 1Pr[FAKU145437] ; NHERE, 1Ph[YG Fiikl.,

2018 &£

L, 3 A 8 BickkitkD =2 Clupea pallasii

(30 em TL) AMKTTAHZEHISED FEENE Thdd <4172, 10
A 26 BIZIIRMANEMEOFEEN TA AL Kyphosus
vaigiensis (20~25 cm TL) 75 60kg /K0T &7z, A A
AIDVFENLTSIVTKBT ENHDITHDTHDZ L ThH
5o 11 BlZiZa~Yx Scomber australasicus (K + H1F
2, 35~45 em TL) H3HRUE EHEIZ L 0 LIRS 8, 187
kg AKEF Sz, 12 A 26 BIZIEANT AT
Cantherhines dumerilii (226 mm TL) 2MEFAMEIRENT
DOFEHE TR L B Sz,

ZORMOETIE, 1~3 FIZIL AR RAE RO 2L A
A F Todarodes pacificus D38 L\ VRIET, TEEfHUTH
SETEAR FGORIOKEI S &I 216 b T, 1988 4F
DIRdR & 72 o7z,

2 E

FHCAEMDR SRS &L SRR

FrRoiAEmOWERESIT 2010 LRV AMERIZH Y,
TS 2018 IZRE B LTe, Fiz, HBLBNTE S
2014~2018 F 1L 73 FET, 2005~2009 4FD 222 F&, 2010
~2013 £ 123 flZ k& < FEY, IHFERAAMERICSH 5,
ZNHORDERIZOWTIE, 1997 ELREREKIBAICA
V) fikioE L QU B - VAR A )0 & DI D
FEDBD LTe Z DT oD, 727210, SERlEhEa D
INE BT R A Heniochus acuminatus, F=a JF a4
¥ Chaetodon spp. 72 & XA ™—Z L > TIBRITEB I
TS LW, SN R T fiRe, ~ XA
Conomurex lubuanus, % J1/~< Tectus pyramis 73 E
2O T TRFRCH) & AR SHUTUWTens, BRIl -
BIH LA LCNDT720, IEE7: EERE DS S
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72 Ipot ML D, TOMOER L LT, SEEERED
EMFRAEOT L, fTEREOTESEMK T, DX
ATV a vy T OBELL, FEHYSE ORI L DA
FEOK N E LB L QD EEXLND, ZOX I8N
2B 72 B3R 2 FTREZRRR D bR U E BRI 723l 21T 2 729
(I3, AUEES Rk A e =2 U VN TE D L 93
FTRFEZ BT 20 ED DA D,

RENRIEDOEIL

2014~2018 4ED 5 4E1% 1980 A4 F LIS DOIERE L~
— A THIM U ANV AL TR I OI Z 7 TA T Ol
ENFEEEITED L, 3En L O — AT A~ A UV
DEEM LT Z EDRE RSB E L THT HivD, E3IEN
2 IRTAEHERIEZEE) (PDO) 73 2014/2015 AR ZHAND
IE~ZHEL, 1976/197T 4RIZAE UL D 72 L o—A3 7 b
DR LTEFREMERS D Z LD, 20X 9 Znfafdsshn
HEZLEZ TS, 2018 4Ei121T PDO DB i<
(2o TR, LRI AT LR ST e 2,
RIZELHACA S TORNNC LRI 5T, Wb LD AR
BRI E DD Z LIZHOWTIE, A% 1980 4R X
N~ A TR U AERER AR E <& 5
FIREMED B D728, ZDIFIRIRADM -2 & & bloht
OEWENA 2T 20 ER DD, —T5, ANV AAL TID
MBI LTI, EOBKIBOHEFOARRK T 25 [ i
ZLTCOWDAREEE 2 5 Cnd 2,

AILOASECTIZ AN A A F1 X0 S HEEDOFENT
A A OISR BBEE I L, 2014 F221E 1980 4ELL
WeRdR DI R & Tp o 7o, AFEDZE LV VNI A AR P
~FUNAEPE FHEEA 2N T CIAFIPRI i &, BEfRI 2 KEERF
BN ILE CE DRRTEHAAT > 7273, Ki7Ze EOYst
BRBED I Lo EIERE 20 E ORI B ST T, 1
5 o N 1 Rl < 81/ ) s 133 R Rl e e Y S YA /oY el

ZTOMIZIER ESNHDIE, 2018 4E 10 H 26 BITA AR
IAEM @ISO EEMIC LY 60kg KT EN-Z &
THhD, AREIANERCTIE 2012 FFICHER SN TURE, &
EHE7 & TR AR S AL ORI CTh o723, AR
WD TE L Fo TSN, A AXJHEITAMAEMRIE L
L TN RO OFERICKE < BIE L TW 5D
12oTHD ¥, AUPRCITEESEOFRIIBES L W50
FEICT=HHEEZ LN TODN, S5BIFA AR R L
OEFEMAEOB IR T A LT H A I,

B350 FUREORE

AUPROIRIFE L, W PES O T AR R
FHEORBZ L0 1990 R LTV P L i
SRRADIC 1996 AELIFEHENN L TV 2, 2O T 2014 4R35
FON2015 R ZITARIANED N EN 8 s LUV 12 4
L%, UTFTOEBEFEIETT 7 b v OIRBERA
RN CIRRICRA ST ODRHER T -T2, 2014 4F 10
HIZiZ= v 7 a7 ¢ =0 AOFREIEERA R i~ T
INFITRS S, —SER CIRfREE A LT, $7,
2015476 RITIZN V=T T ¢ ¥ —ZFHLIFEOZ R

(2016 AEIZRRAE SV HUECITESRFY) 23 MR~
RETBFREOREFICRE S S, S5, 2016 4 8 ATl
FMfi~FRBTRRCH L =T 2 M OFREER)N
FA AU, [FHE8 A 8 HICKRMTARIRISN O K) e,
ZEL, A b v anEmfihrE CGEV B -
TWBIBNE, AREOFREI IR CRL & 72 FTREMA R,
1990 4FARE TP PNHEEI b ~AYE B U 2 E T
T2 U N OF=E ) U TEEMA SIS TN,
ZDOEDTIHFEART T 7 M AT K DAREEE A
BINL, 2> ORADREIRI e o CE T2 E D, Al
BB T b E ARG 1L 3 5\ NI 5 720 DE
=2V T OEBENHE LD,

AWFFEZAED DI T2V 2 < DI 2R T 1%
WldWe, IRIFA AL, OB ZERT 2,
FEORAEMONER, A, FHESZBIEROV-EAL
FOEUR (FA-5FE, A5, LLRRED

AR e ERRA S, PR, KRR,
L BESE IR A KR SIS, [RIELRSE, RIS,
[FHEHRESOE, [ FBIOONE SIS, FEZESIE, Rk
JrENGeT, ELRHG E5E T, (LR B FEKPERILR),
[ SRR K PE ST K PER

A B Al FeREEE, DR, OREBA, KAk
e, JINEREDS, WIESL, HH SF SO, 1R,
Wil g, -2 0ECHA, B E OhE B
ArEEE VH)IERE, Mk B, BHPsE fEE 5, R
AT, FARE—, Rah, TESEIER, LARER, 1IAOES,
ERx g

RO L7 ORIE R 178 B N Z OFFREEROFL
ZTANZ %

INRBEZ, W% (RHEIKTF T —/v RRKFEENIE
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o2 —EREOKPESERRTT) |, AR (A)IRELT)
HAZ  (BhER A AR

BFEED AR HER 1) L CTAVW = i &

TRITRZL SO E KT  AGEAREOE, FAEEE A
KEERE, LD EAPERSE 2 — PR, KT,
FEXR AR, IRV, MREEEE], NE B, ek 1 KR
BT, AN VSRS, oo FBITZL oo &K
RAE A—HRE

AT O RKEEMS T 2 —, FETNLL o
KBTS JLORKIEEE D 3 1T K D ILEIZE [P R E A
WERZH\T DUFEAD DRSO | DR
D E LT DTHD, AWFEDOIRY £ &I
PYRA RS, ABEZ K> THEW FEIMZ L H o &K
IR B R 72 © ONCRRIEAAE A2 R R
T2,

X
D /RN - 8 RIS - T - TP (2006)
L B FASHIE R 790 S 30U DU RN B D ey

Hig: |LOIEKEERFSE Y o 2 — e, (4), 19-56.
2) {IEFMA - YR RS - HEST (2011) @ 2005~2009

FEDIL 1 B AYEN 0 330 A C B2
ROROBIER. (LN EKRERFT R v 2 —RgERA,  9),
1-27.

3) TEPIA « THREAT - Yi B - WILEZ - PRATES
- B (2015)  : 2010~2013 ARO[ B H AR
SIS DR BT D REDAYBISE. LUK
PERIGEE o 2 —gEERGE, (12), 1-21.

4) HHEA (1998) BT EANGEGE. RS, HU
1222pp.

5) =i +D. Lindsay (2013) : &by T 7 X8, Wk
SCREATEH, B, 127pp.

6) Wik (fW)  (2013) : HAPEMREMRREFEORIE
[, O, O Z{3/R HERSEGES, #0, 2428pp.

7)WL (2014) : AAEMEFIXIEESS AR 1. R
KRR, B0, xxvii.

8) PR =HR () (1995) : JREakask AAMEREMIX
1. BB KB, xxxv+425pp., pls., 1-72.

9) PURTZER (BRE)  (1995) : JREMRER AATER X
BN, B, KPR, xii+663pp., pls., 73-144.
10) SEE () (2005) : A AR, Rl Lk

T, AU, 253pp.

1]

1) BARET fWg)  Q017) : BASIEE HFEXE. H
WERFHIRSS, WO, 1382pp.

12) VeEBAiERE - AR — - 2L 55 (2002) : B |
K727, TBS 7V X=7, Ha{, 135pp.

13) Rl « FEME— (1963) - JEUfa H AT AR TE HE]
B RER, HE, 214pp.

14) =EEFE (1983) A A AR FEEREE (1) .
7B, PR, vii+26lpp., 56pls.

15) ==Hff (1983) : JRfA B ARSI g (1) .
EH, BB, viit277pp., 64pls.

16) TIEOGHE « FHEFIERE (1997) : BAMES T 7 R
FREREARN.  HOERAHIRES, B0, 1574pp.

17) [l 2 NEEZB) - NH = (2004)  : BEZIRHT
AAEERE. ARERE, H0, 763pp.

18) Kk fE— (2009) : AAPETEIEO/PAEARET. R
ity (7 v~=v bR -7 7o BB . PR
£, L, 300pp.

19) FHIEST (2003) = HAEG RO 7 €4 =1 Octopus
longispadiceus (Sasaki, 1917) OFCHE LU
FIIRES. VENUS, 62, 29-38.

20) FEOEM - WERE: 2017) : AP SO AARET
OHHEL ARV —F & MY 7 A, (20), 5-7.
21) JEPA - Bl - TS (2017) - IIRRAAR
MHR I T ST A Y5, WX 7 TATBIY
Y~ N~ AOFEER () . (LH ROKERTEE

AR, (14), 59-61.

22) PEBTHE -« SRHEDLE - RSk RS - PR R (2017)
BN A T AAERIEROMSEGIR. A TG,
49, 331-335.

23) REGJTHERBRET « MRS (2019) - ACHEHPE-IHR
&) (POD) FEERZH.

(ttps://www. data. jma. go. jp/gmd/kaiyou/data/db/

THA

7

climate/knowledge/pac/pacific_decadal. html)

24) IPRIOFE - EIRAFRE - AT — (2018) < FK30 (2018)
EEPE AV A A TIFKIRFE AR OB, PR3 04F
JERRANEEL AR OIS IR AT (Fafe! SR A R
R - TACKR) . ZKEEFTHIREHEERT - [ERZHFFERR%E
TENOKPERITE - 2EHEAE, 698-745.

25) JRKPERITSE - BB PENTSEET (2019) : oro
XA RS E. TR 7 > 7 KEERSRT

FEBRFEHEME SRR - VR ERBEE S 3 A
Tz, 1-92.
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26) A 37 (2019) : FJEIC X D RsE O 2
Hig L C~ B M AR I ORBEHRBT~D
P~ TEEE L, (25), 2
27) WA PN VR R CE R F S T WS N O AR
(http://www. jfa. maff. go. jp/setouti/akasio/nenk
a
n/index. html 2019 4F6 H 4 HZ:HH)
28) FEERETS (2007) : LORSNEER CRAT HIRE T T
Y7 R O, L EKEENIEE L 2 — AN
ZE5k, 8.
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Karenia digitata (?)
Karenia mikimotoi
Cochlodinium polvkrikoides

Sargassum crispifolium

Thetys vagina
Salpa fusiformis
Pyrosoma spinosum

Stomolophus nomurai
Netrostoma setouchiana
Halcurias levis?
Boloceroides memurrichi
Hormiphora palmate
Makaira indica

Virgularia sp.

Cyathelia axillaris

Eunice aphroditois

Argonauta argo

Ommastrephes bartramii

Ocvthoe tuberculata

Alectrion glans

Octovus longispadiceus
Uroteuthis (Photololigo) edulis
Cranchia scabra

Todarodes pacificus
Thysanoteuthis rhombus
Architeuthis japonica
Sthenoteuthis oualaniensis
Abralia (Heterabralia) andamanica
Euprymna berryi

Mauritia mauriliana
Hapalochlaena fasciata

Rossia pacifica

Octopus (Enteroctopus) dofleini
Tremoctopus violaceus gracialis
Pneumodema atlanticum pacificum
Melibe iaponica

Faughnia hannai

Pagurs constans

Ibacus ciliatus

Pagurus ochotensis
Lauridromia dehaani
Tachvpleus tridentatus
Erimacrus isenbeckii
Gaillardiellus orientalis
Solenocera alticarinata
Paradorippe granulata
Atergatis floridus
Trigonoplax unguiformis
Piodius areolatus

Sevlla paramamosain
Odontodactylus japonicus
Actaeodes tomentosus
Charvbdis (Charybdis) acuta
Pagurus trigonocheirus

Asthenosoma ijimai
Distolasterias nipon
Prionocidaris baculosa
Hemicentrotus pulcherrimus
Stellaster equestris
Apostichopus Japonicus
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Siganus filscescens
Seriolina nigrofasciata
Isurus oxvrinchus
Xenocephalus elongatus
Branchiostegus japonicus
Caprodon schiegelii
Hemitrygon akajer
Pseudanthias rubrizonatus
Epinephelus fasciatus
Squalus sucklevi
Canthidermis maculata
Niphon spinosus
Hemitrygon sp.
Parapristipoma trilineatum
Oplegnathus sp.
Oblegnathus punctatus
Kyphosus vaigiensis
Hemitrygon izuensis
Brotula multibarbata
Alectis ciliaris
Carangichthys dinema
Lethrinus genivittatus
Epinephelus poecilonotus
Mola alexandrini
Sebastiscus tertius
Ostichthvs japonicus
Sphyraena putnamae
Scomberoides commersonianus
Stereolepis doederleini
Epinephelus latifasciatus
Uraspis helvola
Cirrhitichthys aureus
Inimicus iaponicus
Sphyraena barracula

Naso brachycentron
Zenopsis nebulosa
Engraulis japonicua
Sardinella lemuru
Acanthocybium salandri
Takifugu chinensis
Dasvyatis violacea

Seriola dumerili
Branchiostegus auratus
Diploprion bifasciatum
Thamnaconus modestoides
Caranx sexfasciatus
Chaetodontoplus septentrionalis
Epinephelus eruneus
Liparis tanakae
Lagocephalus lagocephalus
Carcharhinus brachyurus
Thunnus orientalis

Girella leonina
Hemitripterus villosus
Chaetodon modestus
Semicossyphus reticulatus
Scomber australasicus
Epinephelus epistictus
Diagramma pictum
Lactoria cornuta
Eumicrotremus birulai
Oncorhynchus masou masou
Trachipterus ishikawae
Davidijordania poecilimon
Scomberomorus niphonius
Brama japonica

Ateleopus japonicus
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Makaira indica

Sphyrna zvgaena A FHA
Rhincodon typus AR A
Rachycentron canadum AV TY
Ostorhinchus cookii Y~ b~ A (FAAE )

FEuthynnus affinis hel=7a

Dactvloptena orientalis YU~ ARy
Lagocephalus sceleratus Ly EF BT )N
Aluterus scriptus aXTVITF A
Sebastes zonatus EYLAZN
Chaetodon auripes ENE WSS
Gymnura japonica Vay 7w )4
Platax teira Vo 7'v JeA
Pempheris japonica Tes s

FElagatis bipinnulata TATIITTA
Taractes rubescens .8

Evistias acutirostris H~ANT)
Triakis scvllium INFEURY
Myliobatis tobijel N v

Triso dermopterus
BI‘E‘EHZ&L’E‘I‘OS nectanus
Takifugu sp.

Naso lobezi

Assurger anzac

Aetobatus flagellum
Carangoides orthogrammus
Prionurus scalprum
Clupea pallasii
Cottiusculus nihonkaiensis
Eptatretus burgeri
Cantherhines dumerilii
Gephyroberyx darwinii
Heniochus acuminatus
Arctoscopus iaponicus
Ervthrocles schlegelii
Apogon unicolor

Histrio histrio

Psenes pellucidus
Hapalogenys sennin
Aulopus japonicus
Seriola lalandi
Paralichthys olivaceus
Taractichthys steindachneri
Lethrinus haematopterus
Calotomus japonicus
Saqualus mitsukurii
Seriola quinqueradiata
Seriola sp.

Naucrates ducter
Rhabdosargus sarba
Antennarius nummifer
Cubiceps squamiceps
Epinephelus chlorostigma
Daicocus peterseni
Arothron firmamentum
Aptocyclus ventricosus
Conger myriaster
Sardinops melanostictus
Gadus macrocephalus
Lobotes surinamensis
Pampus punctatissimus
Epinephelus septemfasciatus
Mola mola

Lubricogobius exiguus
Decapterus muroadsi
Selar crumenophthalmus

[XIfif1

_‘] 9_

Cyclichthys orbicularis
Gymnocranius griseus
Uranoscopus bicinctus
Arothron stellatus
Sphyraena japonica
Caelorinchus multispinulosus
Masturus lanceolatus
Goniistius quadricornis
Zu cristatus
Gvmnothorax prionodon
Prionace glauca
Regalecus russellii
Pterycombus petersii

Chelonia mydas
Lagenorhvnchus obliquidens

Grampus griseus
Balaenoptera acutorostrata



1 £ P& FT Y Carangichthys dinema (Bleeker, 1851)
212 mm SL, FKMTE/LRHSE 20144512 B 10 A, {FEHE

VS A

3 FvavURFNVA N Abralia (Heterabralia)
adamanica Goodrich, 1896 36 mm ML, #krfi REVEH, 2015
F2H 25 H, MEDUASRY, HEAHH-Mo02781.

g SR 65 5 o

IH\|I\\?ll\\I|H\I|\HI{HII%HH‘IIH‘II\\1IIH|IHI|H\II\!II\\II\‘IIU\IHH‘I[H|IHI|IHI|HII

5 VSV 4 Davidijordania poecilimon Jordan and
Fowler, 1902 146.9 mm SL, |1 O U3 B AHE (35°

10.8” N, 130° 43.5° E) , 20154£6 A 15 H, NH=M
R, MEA FAKITIRR154

_20_

2 R A M= Charybdis (Charybdis) acuta (Brandt,
1848) 7~9 cm CW, Fkfifh, 2014 4E12 A 27 B, H&h
HiRE.

4 ;R XA J Rossia (Rossia) pacifica Berry, 1911
65 mm ML, ILIFRAAWEH (357 20.8° N, 130°

38.5" E) , 2015 £ 6 A 15 H, WH=EKIREY, EA
HH-Mo02782.

lu\m!\uwmm\uuUm\muml'l'nllul||l||n||||||||||\m\|u|||nu|||||p|||‘|m||m

=R F VDA Cottiusculus nikonkaiensis Kai &
Nakabo, 2009 71.3 mm SL, LB HAWE (35°
20.8" N, 130° 38.5° E) , 20154F6 A 15 A, WA=
i, 1A FAKU138152.

k2



=9V 3 3 Euprymna berryi Sasaki, 1920 2 JEX 2 Octopus Ilongispandiceus Sasaki, 1917

97,5 mn ML, ALIGVE, 2016 459 H 27 A, PNV 77 m ML, SLEAEREFR (35° 21.97 N, 130° 36.6" B) ,
2016 4710 H 17 H, PHEPEiRY.

3 NIF U A Gephyroberyx darwinii (Jonson, 1866)
325 mm SL, #krfi RLEACHTEAE 2017457 H 20 H, N
HEVERGY, A2A FAKU145437.
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Oceanographic Condition and Creatures in Waters off Yamaguchi Prefecture,
Southwestern Sea of Japan (Review)

Mitsuhisa KAWANO

This paper reviewed available knowledges on the oceanographic condition and creatures in waters off
Yamaguchi Prefecture, southwestern Sea of Japan. The author targeted the taxonomic groups to which
fisheries important species and their preys or predators belong. The oceanographic condition was characterized
by the Tsushima Warm Current flowing above the wide continental shelf and the cold waters in the offshore
deeper waters. This would be a cause of the most abundant fish fauna in the Sea of Japan. However other
creatures, such as crabs, hermit crabs, star fishes, brittle stars and sea cucumber, were not always abundant
because of their scarce surveys. Tropical / subtropical species had increased from 1997/1998 and decreased in
recent years. These phenomena may be related to the annual variations in water temperatures, but the
detailed cause is not clear. From now on, field surveys from ecological view point and quantitative studies using

computers and mathematical models will be needed to contribute the sustainable development of Yamaguchi

prefecture’s fisheries.

Key words: Oceanographic condition ; Marine creatures; Flora and fauna; Southwestern Sea of Japan
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Bull. Yamaguchi Pref. Fish. Res. Ctr. 17, 49-60 (2020)

KA W=7 REREAEICRBITS =37 41— RO
WINZhER & RBUBEEE DI

FERAIEAR « FIPERE L - A EOCH2

Effect of Ecofeed Addition and Inhibition of Macroalge in Mass Seed Production of Asari
Clam Ruditapes philippinarum Using Sea Water Pond
Masanobu Kismaioka, Akihito Wanisar™ and Daichi Muragamr ™2

In order to improve the nutritional condition of asari clam, Ruditapes philippinarum in the culture pond
(1.5 ha), utilization of ecofeed, produced from food residues discharged from food processing industry and
out-of-date food from supermarkets and convenience stores, was examined in addition to fermented
chicken feces. Total amounts of 34,800 kg and 31,800 kg of fermented chicken feces, 2,790 kg and 4,100 kg
of ecofeed were spread over the pond in 2016 and 2017 respectively. There was no significant difference in
growths of asari clam between 2015 and 2016, but degree of condition factor and population maturity
rate were improved in 2017 compared with 2015.

There were no significant changes in the contents of acid volatile sulfides (AVS), total nitrogen (TN), and
total phosphorus (TP) in the bottom sediment during the period of the experiment. It was inferred that the
accumulation of organic matters in the bottom sediment hardly progressed because ecofeed may be used
directly or indirectly through wide variety of organisms in the pond.

In previous studies, rapid increase of macroalgae such as genus Ulva and family Cladophoraceae often
caused serious damage to asari clam by covering the bottom surface in the sea water pond. In order to
solve this problem, the macro algae were killed by periodical dry-up around the shallow bottom of the pond

and stirring the bottom using a trawling net.

Key words: Asari clam, Ruditapes philippinarum, Mass production of seedling, Ecofeed , Fermented

chicken feces
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3H, 12H12H~19 H® 3], 201744X1 H 9 A~
14 H, 2 A 23 H~3 A 3 HO 28], TIRHIKPI%ER
LT~ BRIHOT A 52 72,

F 7=, MOILFE OB I T N HIRHE K DIE
SHIEIRH Y, ZD X D RGN B E U K
FT L EFTORESITHSE L2V, £Z2T20164E1 H
12 AL 2017461 H 13 BICT L BT CIET 2749
BT F YR OBSEE FEETIRELT-OL, JEEN
T AV BOSEE R ETRAEIZE R L T D ERTIC IR
WS NV 7 NRIR (RS, A2 ESRIRE 12%)
Z AR LTl L=

S BTN OFRSECH A BIRT 5 BT, 2016 42
2A24H, 5A9H, KU201741 A 13 HIZTFLE
1, PR AZRTFE - T2k F 0 ITRIEESERET b
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U o KRR % 20 ke N USSR 2 S0 S H T2,

2017 4F 5~6 HIZ 31\, #oKALE 80 emE T & L
T =27 Y — FEEECHEOE W SGIT A2 T H S
TT AV A TR OB S ED L LB,
S ORI TGN L — % TR A bR E L4,
PGSR T N U U AR AU LT,

KPR ITEAMRAT DO &5 T2, H OB
X 9.1 DAT L ABOAENE Ok, #E 1.1mm,
vF 102 mm) ZHEDF7-HET A BB L FERICRRE T
5 &bz, TENTNE 210 cm, B X 85 cmDANED)E B
([ ZARRITHERL U 7= a8 (oo B AV 10 mm, 15 H#ix15 A,
MER)=F Ly, £X10m) ZH0 57,

WU 21T Fig 1 (R 5m ikt (Ommo Aqua
Machinery Corp 5, 1.5kw/h) % 4 HECE L Tk %
ReEHE] 0 I ZHEER ST,

RIUBHEDEE I « BRI CHERE 32 A1)
OT YU ~OFFEEE X 5 7=, 45 3~4 [A1% H L
2, F—r &/ NUEOEE (FIOONE 1.8m, &S
0.35m, FREEH 20~25kg, 12~14 HioiEiEtH) %
#9 1 RER, AnAMERT & OFE 1 E TRl A2 O E(RILTz,

Wl o H—OKMIFEIRD /Sy 2 DEEFEIZ LD
E2PRARR L 72 TWnD, —F, EIIT/KIEZ 34C
PURIZNZ 57201, #&5R EHINOSEEKNAT% 150 cmPh
HICHERF T2 BN D, T, ARERRY —H 1
[B], EIRN K ZBIRL L TRk Ok EHiFE L, 1
IKBIHE DK BRI UK AR &R T,

AEEFE LC sl (et v 7 8 225650 4%,
U 4%EH) %, 1ElEH7-Y 600ke, FaAhzE-~ Tl
ARITHAR LT, R OBIERL3 ANS 9 A
THE2EE L, 10 HURE, ZhE TOERE 2 12
BT, BIELTHOEY 7 7 N OEFERHE Y R
ADIRNT LD, BB A 1 [FIFRE L Lz,

£, BESEHEIONZ a7 — R (EHH5I—L,
W7 —227 V) xAT 4 7H) ZARIEAm Lz, 1[H
H7- OFAIEIE, 2016 426 HIZ30ke, 7T AN 5 8
HHENZ 50 ke, 8 AHAE)D 11 AP 60 ke, 11 H
I T0~80 ke, 2017 4EIXHERE I 218 U C 1 [8]
H1-v 66~T7kg & L1=, T3 7 ¢— ROBAGEE AT
FERIEDOBIE LT 2016 4= 6 A5 2016 45 11 A £ Tl
218, 2017 4% 4 A FAEH 11 AETE2EE L,

HOGHE

AT D 1~2mm FEif Y, IS0 RS
CAEPE UT-RKPERE S A 3 HICHY R CRV,

2016 4E1% 3 H 16 HIZ 500 um O 7 /A (5~ T- KRk
CPp8d= 1.10 mm, P8R 1.45mm % 1-2~1-4, 1-6
B LTz, 7 A D BimiT=/ ML 4 A TRIE TINE



fiE L7z, 500um & 700 um D7 )vA THE, #bnb

SOVHLTI-1EI-TITBE LTz, 72, BEFE10 A
PNYHIFZEER TN « 5P L7-AEr O 1.9mm) &
3 HIZ I -5 12 L7 (Fig.1) . BT 2,720~4,180
&/ m O#FEFH & L7~ (Table 1),

2017 = HERARRED AT 3 AICKRE (R 1.7
mm) Z II-2 [T L, 57/ MR & SITINESE LT
4~5 HIZH/FT-312, 5~8 HIZTI-4 (ZBHELT-, *
72, WANT DREE AP IR~ T=7280, [FUE 4 HICKRSY

% Sta.l

13

* Sta.2

18

I-6
k Sta.3

‘ : Water gate [ : Stirring waterwheel

+ : Sampling station for

biomass survey
ih: Reed bed slope |

% : Sampling station for bottom chemical analysis
: Land area %% : Deep place

Fig.1  Transplanting sites ( I -1 ~7) for
artificial  seedling of Ruditapes
philippinarumin 2016.

Table1 Average shell length and density of artificial
seedling of Ruditapes philippinarum for
transplanting experiments in 2016.

Date of AV;r?Ige Area Numberof Seedling
Sta. transplanting li ¢ h (2 seedlings density
of seedling ngt m) (x10°ind)  (ind/m?)
(mm)
I-1 20-Apr 1.17 500 1,560 3,120
1-2 16-Mar 1.10 500 2,070 4,140
1-3 16-Mar 1.10 500 2,070 4,140
1-4 16-Mar 1.10 500 2,070 4,140
1-5 11-Mar 1.87 500 1,360 2,720
1-6 27-Apr 1.45 500 2,090 4,180
1-7 27-Apr 1.28 500 2,000 4,000
Total 3,600 13,220 3,777

_5‘]_

% o-1 | I-2 u-3¢#

10m ey I-5

* : Water gate C» : Stirring waterwheel(1.5kw)
il : Reed bed slope : Land area 7 : Deep place

Fig2 Transplanting sites (I1-1~5) for artificial
seedling of Ruditapes philippinarumin 2017.

Table 2 Average shell length and density of artificial
seedling of Ruditapes philippinarum for
transplanting experiments in 2017.

Date of Average Numberof  Seedling
. shell Area . .
Sta. transplanting 9 seedlings density
. length (m") 3. . 2
of seedling (x10°ind.)  (ind./m")
(mm)
-1 12-Jul 5.08 500 2,540 5,080
~17-Aug.
-2 15-Mar 1.71 500 2,200 4,400
-3 27-Apr 135 500 2,280 4,560
~1-May
8-May
- .
4 ~18-Aug 1.84 500 1,400 2,800
-5 24-Aug 2.09 500 1,370 2,740
Total 2,500 9,790 3,916

RO KPERTFEF RS o # — s B2 T AT % T H
Tl ETHRNR, O %R 5.1 mm, 254 J7
&) ZT-112B L7z, &5IZ, 2017 45 AICBINL
CAPE L FpER &2 8 AICII-5 I LT (Fig2),
LT 2,740~5,080 i/ m2 DEFH & L7= (Table 2),
AR DS T

ALz a 7 o — R ERBEEEO—RESy, BIO
Rr7ha ) —RA—2—TOEL, —BUIEARAR
BENTE L H T ERE LT, — D 9 B, K
ANTH NG R, M- AT < B TRGE:, KBNS
VTV E—T UEHRE, R SEREE, UK SE
PEIRAGIE, ARSI LS ZIEIC L 5T,

T, a7 — OB, L X oWmhThicE
Fhd 110um YL EORF-OEIEZFRR 5720, EE



NORBIZEEE (110°C, 24 BHE) #, 100 g OREHIx
LCKI 800 me DKEMZ T TP —FH#RL, 4—7=
7108 um DA v a FTKEMZ N EAEL, A
v 2o RO ER A RO TREMHICE Eh
% 108 um LA LD R - OEIG AR~
BIET7 Y1) OEHGRE
O AR - 4%

fEH 11, BHEL7-7 W) O, A E2 i~ 5720,
A 2 —/ KT L BRI 2 PEF O A LT, BR
FFY FATIE 10emx10cm DS A LT 5TV N UEID
BRI ERR L, Btk 2 » A BE e AW TERE
3om FREDEE AL, ZHEd Im 7 /bA lTHTThE
ST2T Y OMEFRES A X, Mo EfESE 2 i~7-,
J5iEt% 3 - A Baxe 25emx25em D HHHEE 2 mm™~7 /LA
2 U CRBRICIRE L7,
© BERGIE - BN

fEH 1B, AHEEOBSGETNG 24FER & B HNHE
IRCEY %R ; 2016 4F 23~28mm, 2017 4F 22~27 mm) %
FEL T, BEAGVER JOIEME 2T, 728, Rk
BT O OFE, ISP ? OFECE T,
@ B - B

2014 FITRELI-HERE R a L (Va LUk
A : #5 35kg, AZNE 80cm, AV v Mg 8mm, [HIXE
i 10kg, OXBRZH 20m/min. , AHTEEGAR
7 77 30kw, EEHUKE: 0.9m3/min. ) OREINEIZIR
DERET BIGAUGE LTz, Tha v CHEE 2B
L, W&o 73 G ZRAR LTz,
EERE
O  mEEOTH Y BiFE

TERELRPN OFRAFRA & 135S, NI T& B7214%
MkEIZ 20 OFFfE S ZRE L (Fig.1), 2 2°A &R
SOT Y BlFRAA U, AT 25em HTERET 2
B>, FEHD 5~10om DEEAELEL, 4m o~

NANTINS T 127 ) OISR, (REZ R,

@ W77 b

I 1 [, MNORBEKICASNM 77 b
> OFERARR A i~
@ KA

I 1 [, FEARCECONE M ANE L 7S E-ORE i | 2%
A LT EA B L, NI B D R O TR AL
BLOEOFEECZT T,
@ ~ hR¥AE

THVBFERE CEONZT Y UAAOEIEICE
FENDEOFERARRE T,
BRISRE

i 1 [8], 2R 11 RH 5RO /KR, SeastioiE (DIN,
PO+P), 17727 & (Chla), 77> 7 k
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-~
=

HERRETARD & bl fEH 1 EIFHET DR A
DOBRZ, 2m 7 NVA TR TFRIER O h ADFER
BRI~

47°7A1Z 18], Fig TIRTHIANO 3 & (Sta.l : il
He~Sta.3 : #iF) (BT AEE GEEis sen) &
BRI, RN R (AVS BRAETR), 2%5E, &
U 2k K ORISR & i~ T, 2%E5E, 2V 3 ()
ALTUNTAETERSE o 2 —I2 0T A ZRE LT,

5 ]

BREE

EOEHEIC L A18RL, 3~11 HE TORIZ 1 [EdH7-
0 1R, 1~2 TV, 2016 4E1% 115 H, 2017
HE13 109 B30 L7z,

6~10 HIZHNF TORPNOIFEKALIE, 2016 43
JKET 131 cm, /K% 170 cm, 2017 4E2NIF/KAET 123 cm,
K% 1658 em T o7z, ZOOFER, WEKAHIRIT 2016
AEDY 28%, 2017 4EA3 22% & 720, HiEKithOIER 2 Btk
L7 2014 50D 15% & bbb & Kiglz BA- Uiz,

FRERFENL, 2016 4F 3 H 3 H~11 H 21 HOMIZ
600kg % 58 [1] (34,800 kg), 20174-3 H 14 H~11 A
14 HOMIZ 600kg % 53 [7] (31,800 kg) #ifi L7, —
27 4 — K%, 2016 46 H 10 H~11 H 21 HOREHZ 30
~60kg % 51 [7] (2,790 kg), 2017 4FX 4 A 24 H~11
A 14 HORIZ 66~TTkg % 54 7] (4,100kg) A L7z,
T 7 4 — ROVEHATIREIL 2016 423 5.4ppm/if,
2017 4E2% 6.3ppm T o7, EHRDOUWIIEIL 2016 4E)°
1,597 kg, 2017 4EA3 1,554 kg, U L FROFRINEI 2016
78 1,374kg, 2017 4E7N 1,265 kg & 700, Feleia#E4
B 5 U7- 2015 4RICHART, SEHEOUIED 16~
19%H5h1 L7= (Table 3),
B DR T

a7 44— R, FEEEREORG TGS % Table 4 12
IR UTz, a7 0 — RO, HHRHE L T
BTG (7.0%) CRAMIEZESEY(53.6%)13% < B Eih
TWBN, X 3 EIE19.8% &, Fetifig s 7oL
LRB LM ot, a7 4 — NOBEIR
428kcal/100g TH Y, FEIEH#E (298keal/100g) & VK
BCEmAa ) —TChole, =a” 1 — RO IIE
ZEEN 6.1%, U RN 0.6% ThoTe, a7 4 —|lE
FENDAEMERL - (>108 um) OFAEIL11%TH Y, F&
BERHE (58%) L X AT (60%) (ZH~TARIEIC
BieinoTn,
BHE7Y) OEHEEE
O A - 4%
2016 4F

3 AR 1.5~1.9 mOfE 28B4 L7- 1-5, 1-6



1% 11 A OENRAEE SR 21~22mlZ#E L7, 3~4
A3 1.0~1.3 mOFEE # gt L= 1-1, 1-2, 1-
3, I-4, 1-7 1%, MU CORMLASKREE 553 15~
18O EIZE EF o7,

B0 ARS8 HID PR 1.5~1.9 mmDFE
WEBHELIZ1-5 & 1-6 DA ITTNTN 24%,

Table 3 Total amount of fermented chicken feces and
experimental pond in 2015 to 2017.

3 A RE 1.7 mOFER 2 L7-1-2 1%, 8 A
(2 20 miZEEL, BV 100%R1#% & BAFeRkR, 4
Pk Liz, LU, 4 AIOFERE 1.4 mOfEE 25
FELZZT-3 1%, 8 HIC 20 miTE L= b DD, HEFY /3
32% L&D -T2, T AT 5.1 nmOFEE 240 L
721-113 11 AICFEREE 16 mlZE L= b 00, HEE Y

ecofeed used for fertilizer of the

Ttems year 2015 2016 2017
Fermented Fermented Ecofeed | Fermented  Ecofeed
Types of fertilizer chicken feces chicken chicken
feces feces
Amount of fetilizer 32,700 34,800 2,790 31,800 4,100
(kg/year)
Content of nutrients
(%) Nitrogen(TN) 4.1 4.1 6.1 4.1 6.1
Phosphoric acid(P205) 3.9 3.9 0.6 3.9 0.6
Amount of nutrients
(kg/year) Nitrogen(TN) 1,341 1,427 170 1,304 250
Phosphoric acid(P205) 1,275 1,357 17 1,240 25
Concentration of nutrients
(g/m3/year) Nitrogen(TN) 60 71 69
Phosphoric acid(P205) 57 61 56

Table 4  General ingredients, Calories, and
components of fermented chiken feces and

ecofeed.
Fermented
Analysis items Ecofeed chicken
manure
General ingredients(%)

Moisture 8.2 22.3
Crude protein 19.8 20.6
Crude fat 7.0 1.9
Coarse fiber 1.5 11.4
Coarse ash 10.0 18.2
Ntrogen free extract 53.5 25.6
Calories (kcal/100g) 428 298

Components of fertilizer(%)
Nitrogen(TN) 6.1 4.1
Phosphoric acid(P20s) 0.6 3.9
Potassium oxide(K20) 0.8 3.8

55%, 3~4 HIFE %R 1.0~1.3 mmOOHE A & i L
72 1-1, 1-2, 1I-3, I-4, I-7T DA V1T 9~53% Tdr-7=
(Fig.3),
2017 4
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Fig.3 Changes in shell length (a), and survival
rate (b) of Ruditapes philippinarumin the
experimental pond in 2016. Symbols show the
transplanting sites shown in Table 1.

0 21% LK o7z, 8 AN 2017 AFRPERET (TR
2.1mm) ZBHELZ-5 1%, 11 AIZ 8.2 mmZiE L7z,
BRI 13.0.4% E Rt Ak~ 7, (Figd),

2015 4F 6 2017 HFECTO 3 FERNZEIT D 2 moffif



TR O I £ TORBMET U 7D EF%=R & H HIRK
FREOBRE Figh (R LT, 3 FEMICSE L7-# Bk
XD HERGESR & AR & ORICBEM IR 57
Motz

—
o

Shell
length(mm)

100

50

Survival rate(%)

'.'H‘]_ -I-H-Z ""H'?) _"H‘4 XH‘5

Fig4 Changes in shell length (a), and survival
rate (b) of Ruditapes philippinarum in the
experimental pond in 2017. Symbols show
the transplanting sites shown in Table 2.

100 =
8
]
o~ [ °
) 50 L R*=0.2742- , a
; ~ T 2=0.0103
5 A W
0 R? = 0.24294 u
A
0 S —
70 100 130

Daily growth rate (nm/day)

Fig.5 Relationship between the survival rates of
juveniles and the daily growth rates in each
transplanting sites . The examination years are
indicated by symbols as follows: © 2015, A
2016, m 2017.

2015 4E7>5 2017 4EE£TD 3 HEWITRIT D 2 mufd
BARRE ) DINHE £ COMMET Y THOEFRE, 3 H 1
HaXR & LB E Tl L B s OBR% Fig.6
W Ui, B U 7-flim OAFRSRIL, AN 3 H 1 H
2L, OB YA X3 2mmld EOEAITE R
BOBRHHSCE, BEA2 3 H 1 B X 0E Ul b
ZEBHEY A XIZB 0 & FAFREPMK N3 A [ 23
BTz,
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100 A
2 y = 79.32¢7002%
= ® R?=0.6261
22
-
=
w2
0
Numberof days
Fig.6 Relationship between survival rates of

juveniles and the number of days from March 1th
to the transplanting date. The transplanting sizes

(SL) are plotted by size: X: 0.9 ~1.5 nm, A: 1.5
~ 2.0 nm, ®:2.0 ~3.0 mm, 0: 5.1 mm.

@ FERGAE - e

AT O 7Y 2 EHORERGE R L O D
a1z Fig.7 (2R Lz,

2016 FEDOREAEVEIE, 3~7 AET0.0~0.2 LK<,
9~10 AIZT TR ER-L, 11TE2vve, 11 AL
BEIE 0.4 DB IR T L 0SS0z, BRI 33
ZBEUTELS, 3 HD 11 oiprxIiZ BEAL, 6 Al 14
FCME L, 20, THIZ10 E TR T L%, 8~
10 HIZHNT T 12~14 OFIPHTHER L=,

2017 AFORERGAELL, 5 HED S A LR, 6~11
HIZHT CTRIIE, 0.6~0.9 O CTHERE L=, B
X3 AD 11 o B %NS T H5~7 A2 17T~19 D E'—
7 L0, Tk, ERIINTTI3FHIE TR F L=
@  [EMY - EAR

2016 11 H 29 B/ 12 A 7T HETO 5 HE, B
AT a Ly (8mmA Y » M) &RV CEleE T
ST, [FUEZEINBGR L 7 OB EEUE O E S, 4
RO 7 VIR L, Ee~05 | ZH5T - EiEC
W 11~12 4280 LTV, 20 5 HENCHME A
HTHIBS X L7z, &5IZ, 2017451 A 17 A
H51H19HETO 3 HM, WVELETH YOS
RO Y 7 % HuNZ 6 4 THEMLAATV, 2K
HEMRAACHI 2.0 BRI L7=, 2016 4RI L7=7
FUIEAEES7 o (226 ), FHEFERE 23mm, P
(K 2.5g Tz, UG ENDIHE W, ¥
=75 ORAERIT4T% TH o7,

20174511 H 28, 29 Ho> 2 AR, AHEEE & [FEkICE]
INEATV, FHEIAZRTH) 6.1 RUEI LT, X651
201842 H26 HE 2 H 27T A2 A, WVELE-T



U DX T A PN A IA I TR 1.2 R B L
720 2017 AEEEIZ[EMR L= 7V 1345 5.9 o (303 77
&), V%R 21 mn, PIAE 1.9g Tholz, W
WZEENDIH) (A, HidE) OIRAEISIL19% &
AR Z A TRIEIZRD LTz,

«— 2015 2016 2017—
30 5 20
= Z
o 15 2
'Sfa 20 g
£3 10 2
8~ 10 =
-+~ 5 -
= =
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2 1.0 20 8
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=] =
B & 35
£ g g
0.0 0o S
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Fig.7 Seasonal changes in total weight(—@—),

(—O—) and condition factor (--*--) of
Ruditapes philippinarum in the experimental
pond.

G U727 VIR O 7 5 U AR i 2 i L <
VN5 23 Dl S | IEERIAT L7z,
EERE
O  WBEOT V) HifFE

2016 %, 2 AIPEER#R 19.5mmd> 7 % U 75 890 17
il (11.4 b)) FEFL QWD EHEES N, 9 AIZiT
FE U7 2SN U OIS 17.9 mm & 0Vl
L, BifFE3 902 HfE (13.6 o) £ THIMNLZ, 7235,
INF TR OBMEE L QO RWERTT, 2o
A5 20m VA HFEEN QA ERAS -6, 11 THT
UM 16~56 i/ m2 (744 29.6 &/ m2) AR LTz,
INHOTH VIS H & B A EEROMI T 1R,
fif 2 4FH & DD EARHIRIE L T e, a6, 11
DA T E NSNS O TEAEE  (675 8
/ m2) D 44%TH-o77,

2017 4%, 3 AR 20.1 nmD> 74V 75 268 17
& (45 b)) FAEL TS EHEE SN, D%, 3 H
FTCOTHIT L 522 L b Dl L FE O~ RS
v, 5 H O T 139 il (1.9 b+, PR 19.8 mm)
FTR Lie, 9 AT L7245 F HA A LT 620
JE (107 b, TR 22.9mm)  (HEIN LTS, FER
OBHEZE L TRV SIL-6, 11 o7 5V EEIL 16
~80 &/ m2 (V#1456 # / m2) THY, FHAMI-6,
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(million)

11 OB ) 7 OSEATHEE (342 8/ m2)
D 13.3% T -7~ (Fig.8).
@ WWTZ70 N

2016 4F, 2017 & HITHPNTIL 5~8 12/ Tk
BOWGEE (2~4um, FERH]) 53 5~39 J7 cellsims D

=
=

2017/3/1
2016/11/7 @
2016/720
2016/2/26

Fig.8 Changes in population density (ind./m? of
Ruditapes philippinarum  at 20 sampling
stations in the experimental pond shown in Fig.1.

FETRONTZ, T HIEREE UCGEEEZH 3 DI REE
PREL, HFRBIZIIFRITRD EHEKIREEIZE R L,
W~ FE) - B L7z, 9 AL 1~8 17
cellsimé DYRFEEE TR LT, $£7-, Chattonella spp.X°
Dinophysis spp.72 E OIFESES> Chaetoceros spp.X°
Nitzschia spp.72 £ DEEEE S .o (Table 5),

@ RIEUEEE

2016 AFIIAMHI A U T & F SR RTEENN B L

72728, JEONEMIC L ARREE B, £, 3 A
RN KIRDBEN NGET CIRFEPAC 7 A8 (74 V)
DL IGRD, EOEEEZOXEIL TREEZI T2 DD,
W O e — 7 E S TR O KT Bl &
FFBZENTET, BRRIES 7o o THAIRIZHEH L
oo 7AYE (T4 V) 136 A HlZBRIER LT
HOD, 6 HHENG A7V ROBENEML, FR
7R ENEEEAT o T, A7V ROBRITEI
L TRUNZ8, JENE IO MEDIED Hi3 i Tl
WEIRAE & 72> THIAMRNITIER L, 2URITE R L ChRER
Z EEY, 8 Al Mo L=, £0t%, 8 A
FNTHARO—HANE - EL, 9 AlciERtto 7 1LY
NPT A7 5 Bursatella leachii 324835 & L HIC
RIS LT, 10 H MliEr A ee4= /Y
B, =2 VERETHEML, ZNHOERNTHI O

2017/11/6
2017/7/10



EUXDENTIRAT D &, [FEUED B AW EZE N TIeDHE
HZEITT,

Z 2T, 2017 FIRIEHADOFEARH MR & R
THESFCBEROBREA RIS E D & LB, EHOR
R PTRERIR O FEE CTRRE L7AER, MoPNE~D
KEBBEAMZA, BBATRON 2L IpoTe, ETo, MR
10 AIC7 LU NPT A7 VBREREE L, &N

ZOIINRROND LT DE, DT NITERSTER
TR H VHIR L7,

@ ~r MR

2016 £, 2017 4E& HITAET Y 7 GEAD) DEREIC

7V oMY KBV (AR TR

N7V Pagurus minutus), A Y 2>V 7 LV)E, dax
v, &M, vI=TE, & NXAHA Musculista
senhousia, =7 A A Moerellarutila 3% < R.5i
oo VI=TFTRBROPTIIIIBAEDRY VI =F
Batillaria attramentaria 73288 L, 2016 48 AEMND
s B AR OR Y U X = FHEEANKREIRH S5 &
NI ole, BT AR R VI 2016 FAIZ A
L, AVIATeEHFADIRIE Lizi=dhy, —B, BRopkifcse
7o 0 a hEHENRKEIZR BN (Table 6),

RISHE

2016 KON 2017 FOFEE A Z B LT- 3 AHA)
BT BRI 12°CRiit: Th o7z, Fig.l @ Sta,3 1T
(B B B0 fE /KR, 20164E 8 A 16 HIZ 31.2°C,
20174E8 H 1 HIZ 32.6 CAFek LTz, F£7-, [AUEE
ZEIAG Uiz 11 A MoK 15°Chiitk Th 72,

HANO DIN 13, Z7uva 7 V&8N 10ug/t #82T
WA EXIEBUM LT 3. 7ul) LK< 7o Tz
2, ranT g VED 10ug/ ¢ % Flal% & DIN (3258)
MEAKE S Apodz, HHT201TAES HIc/7nu 7 4 L&
DS 4ug/ g/ ¢LLFOIRREANGE ZBHTIE, DIN (&
AOuMFHrECER L, —J, PO4-Piirzuna>7 L
BEOSE L DBEMEHAITR D27z (Fig9),

2016 FEO7 a7 ¢ Vel ofrEBss Lz 6 A
FI~TATFHET3~15ug/¢ (V) 55u9/) OFPFHT
ZEEHL, 8 HUIMHE 1~4ug/ ¢ CF19ug/ o LiEK
DN V- 2017 HED 7 a7 ¢ VBT 5 A FA~8 A
ANCHNT T 3~53ug/ ¢ CE¥) 161 g/ DT TLHE)
L, 8 HHLIRsIZ 2~6ug/ ¢ (FI3.3u1g/ ) LAK
YETHERS L7, 2017 4F1% 6 A TRI~7 HHPaIchTT
rana7 () N 19~53 u g/ (\ZFEL, WKRIE
BIEO LT, ZOM, W77 7 s O¥EgEZ
T 57205 3 E Sy oEiEEFik L= (Fig.9).,

Table 5 Changes in the species composition of phytoplankton in the experimental pond.

(cells/mo)
. . Eugleno- ( )
Class Dinophyceae Diatomea phyceae Unknown
pecies Chattonella spp. Chaetoceros spp. Greenish “
Dinophysis spp. Nitzschia spp. Nannoplankton

Date J/ \L Others \L \L Others Others
Mar-2016 0 0 1 1 1 0 0 55,500 2
Apr-2016 0 0 0 0 0 0 45 83,750 18,756
May-2016 4 83 1 2 1 0 0 137,000 3,191
Jun-2016 2 0 0 6 0 0 1 48,750 5
Jul-2016 0 0 0 2 8,337 0 5 155,500 60
Aug-2016 0 0 20 0 150 0 0 143,000 41
Sep-2016 0 0 174 14 0 8 0 62,000 277
Oct-2016 0 1 9 21 39 21 0 20,250 394
Nov-2016 0 0 30 0 8 8 0 13,150 40
Apr-2017 0 0 0 90 21 0 25 48,208 4,550
May-2017 1,004 3 5 0 0 0 912 267,000 3,759
Jun-2017 0 0 16 0 4 0 0 286,000 10,738
Jul-2017 0 0 7 13 18 0 0 390,000 738
Aug-2017 0 0 10 17 20 2 5 165,200 177
Sep-2017 0 0 1 31 49 6 0 80,000 190
Oct-2017 0 0 24 4 15 1 0 81,000 1,876
Nov-2017 0 0 303 188 56 0 0 79,250 1,563

1 cell size 0.2-0.4pm., non-motile or motile

Table 6
benthos in the 2 mm sieve residue in the

Changes in the species composition of

transplanting area.
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(ind./m”)
Phylum \\\ Date 2016 2017
Class Thal R May | Aug. | Nov. [ May | Aug. | Nov.
Species Tl *] #]
Arthropoda
Malacostraca
Amphipoda spp. 150 6 2 0 16 148
Paguroidea spp. 100 16 29 0 4 6
Gnorimosphaeroma sp. 413 59 117 0 0 40
Brachyura spp. 13 0 0 0 0 2
Palaemon spp. 0 0 2 0 0 0
Annelida
Polychaeta spp. 4,950 4,744 3,948 4,819 4,217 3,290
Mollusca
Gastropoda
Batillariidae spp. 425 1,397 5,881 1,842 5,031 4,204
Haminoea japonica 0 6 0 0 0 0
Nacellidae spp. 0 79 0 0 0 0
Bivalvia
Ruditapes philippinarum 2,413 3,022 2,793 878 4,618 3,584
Musculista senhousia 688 628 1,148 103 829 679
Moerella rutila 63 88 69 14 725 40
Platyzoa
Turbellaria
Polycladida sp. 0 0 0 0 2 2

] .
1mm sieve was used.
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Fig.9 Amount of fertilizer (¢ : Fermented chicken
feces , + : Ecofeed (a)), changes in dissolved
inorganic nitrogen (b), phosphate phosphorus (c),
and chlorophyll-a (d) in the experimental pond in
2015-2017.

JEEH ORERIERY AR (AVS) 13 0.1~0.4 mg/g-dry
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Roivenotz (Figl0), EEFOLZEFRE (TN)

I, 2 DA C Sta.l 723 1.5mg/g-dry, Sta.2 25 1.1mg/g-
dry, Sta.3 2% 0.7 mg/g-dry THY, Sta.l (oOHHR)
TENTEVMEAN RSN, £-R2EHRIT T ot
FUTHEWTE 2016 4E035 2017 ARITHNT THEEERC
Holz, BV NTONTHRESRE LITFFREOE M R,
bz (Fig.10),

JEE OHYCREE, oo (Sta. 1) 23 0.6mm,
Dl (Sta.3) A 0.5m Tho7z, Tk (<60um)
IO (St. 1) 23 7.1%, #oofxd (Sta.d) 73 5.1%
THY, WikZmE U TRLE LT, 72720, 2016
12 AIREEC K5 EERELOMENC LY Sta.d
FHEZTERHERE U272, PRIk B —REIIZ 0.2 mg
[/ g-dry IAK T2 & &I, BN 8.3%IZ EH- L=,
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Fig10 Chemical parameters of the bottom
sediments in the experimental pond (Sta.1~
Sta.3) shown in Fig.1 . (a): Contents of Acid
Volatile Sulfides (AVS) , (b): Contents of Total
Nitrogen (TN ) , (0): Contents of Total
Phosphorus (TP) .
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HEAkH(1.5ha) T7 U Z BT B BE ORI &
UGET 720, BRRIEEIEZIRERELE LT, 2016 4E1338
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FEAAE 31,800kg, =27 1 — KN 4,100kg Z#¥IN L7z, %
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— I3 OBMZFEE LTWAZ ENBN, PLSL
DI R EA L, S DMHIEE D BIE A1
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U CHERET 5 2 & ClpliR L 0 BB -CRE D |
FENERH D Z LA LTS,

HN ORI TRIREOIRAK N L < 72> TEY, Wk
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BUGETHZ ENTEIUL, BRI O A< Z &
WTEDHOT, MALEZEIR L7V 7Y U ORI
xR LSS I EAAREICA D,

T a7 4 — NIHEGVIEN 22 < Eivk ORI
ESCEIREIBREINL O AR LTEY, BIKOAH
BHZ T B 72 DITIIWiE, BETENAARAIRTHS F, 18
IHEORIE L B D L and W, LavL, 79 Offkks
L CHIHT 254, HooRREIFREIZ2 6002 &h
D, A NOPDPLBHETREZE L ZENFHETH D,
£z, 7Y VIHBEEATRE/ R YA AORI % A8, D
e AELTND L Sh 1219, BOE Ve EORELTE
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PRI E LB L, 100 m B A DRI IR 108
DIRNDT, WIN TR EVWRIA - 2 Sod 0
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Lo L, A&+ AVS, TN, TP, RiIv oy,
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(Fig8) ., ith TlL 7 )V~ = ¥ Marsupenaeus
Japonicus <°7V v XA Acanthopagrus schlegelii, 785
Mugil cephalus, =/ v Konosirus punctatus, A X
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TRELST L, Lnd, BHITARTE 2N NS
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2016 4, 2017 &b, WNAT DFEEYA D3RR
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CETIR = [ R H ek
A catalogue of whales and dolphins recorded in Yamaguchi
Prefecture, Japan

A A - PR
Hajime Ishikawa and Toshiteru Watanabe

T BAfEA IR R WA, 6, 1-17 (2018)

Yamaguchi Prefecture is located in the westernmost part of Honshu, the main island of Japan. It faces
the Sea of Japan in the north side and the Seto Inland Sea in the south side connecting by Kanmon Strait.
Historically, old type coastal whaling was operated at some villages in the Sea of Japan side from 17C
(Edo-era) to beginning of 20C (Meiji-era). Dolphin driving fisheries was also operated at a village in the
Sea of Japan side until 1974. We collected cetacean records in Yamaguchi Prefecture by literature,
stranding records and our sighting survey in 2014 and this is the latest revised report. Following species
were listed; right whale, gray whale, blue whale (these three species were recorded in only Meiji-era), fin
whale, Bryde’s whale, Omura’s whale, common minke whale, humpback whale, sperm whale, pygmy
sperm whale, dwarf sperm whale, Stejneger’s beaked whale, Blainville’s beaked whale, bottlenose dolphin,
Indo-Pacific bottlenose dolphin, Pacific white-sided dolphin, long-beaked common dolphin, common
dolphin, pan-tropical spotted dolphin, striped dolphin, rough-toothed dolphin, Risso’s dolphin, short-
finned pilot whale, false killer whale, killer whale, killer whale and finless porpoise. Finless porpoise was
the most frequently recorded in the Seto Inland Sea, whereas common minke whale was the most
frequently recorded in the Sea of Japan.

FHEON 2014 FFICE LD ILnREFEB & (A &S 2014 %, I LIZXEK, ANT T4 7L a—
K, BHRAEOKEENOEONTERZBIML CKRET Lz, FizlcBMESn-GEIa s o o7, I+
INRURTANT, ~ANT, XTI RO 4TET, FIEHLIEORNOFLSEMILe 77 P75 8 fE,
JUTHE 18 FDE 26 FE L Tpoln, I T NT VT 1T 2018 EITHES NIRRT TRk E Nz, S F IRy
RO AL, THFICR Y BRI W TN RO A0 EITRNCREL TWD Z BRI, v 1
X, TSk & ORIG THIEHISCGRIC S RNO AT & L CRiEkn H - 7203, ITFEOHFEICHEZIE '
ANHDOAEE L H D, XD R Uik 1968 £ T, EMHIIRE CBVIARBEIZL > THEShLTW
oo WNTHRGEEDZWVHEIZAT AU T, AN TIIA NI T o7 Lba— RO 96.1%% 5%, il
FPRUFCEETA2ETHLEEZOND, RWTEENZVDIZII 77V T T, BRNTIZ 1 H~4 AIZE
NN, BB THLEARSH Y, BAREBUTIIEESI ML TNDEBZ 6N,

F—U— K fikE ; BEk; Lok

*  FEIlREIITEE
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ryun 7 4 VEStEEHLTZ
FLEEAY B U BRI DE RE A b L XA DOFHth
Stress investigation of Pyropia yezoensis thalli under low
nutrient condition using chlorophyll fluorescence

BrERECEL 1 - MR E > - AR R - EEEPRG Y2
Mahiko Abe, Mayu Shiota, Noboru Murase and Yosuke Shikano

Journal of National Fisheries University, 67(1), 13-28 (2018)

We investigated the changes in photosynthetic activity, L* value and chlorophyll fluorescence of Pyropia
yezoensis thallus under low nutrient condition Photosynthetic activities decreased when L* values of
thallus were the higher values of 65. As for R-SD values extracted from chlorophyll fluorescence using
graphic software, photosynthetic activities and relative values of R-SD decreased when thallus were
exposed to low nutrient condition. Under low nutrient condition, it was suggested that thallus was
maintained for photosynthetic activity using resources of nitrogen, phosphorus, iron and so on within
cells. While, by lacking of their resources, it was thought that thallus was not able to produce
photosynthetic pigment and photosynthetic activity was decreased. In the present results, chlorophyll
fluorescence has a potential to become useful tool for finding the low nutrient stress of P. yezoensisthallus.

T DITERBLRMICEB T D AV 2 U Pyropia yezoensis DEERAR D SApIENE, HE L¥ME, 7 on 7 ¢
IWENDEALE TN, S BIEMHEITIERED L¥E2Y 65 22 5 & Z KT L7, HigfREY 7 hTrnm
77 4 VAFEENE DI SN ARG O ERZE R—SD ICB LT, A AdEMER XUV R—SD OFExHE
IFEERENERBIREICRE S N2 & ZITIRT L, BRBESM T CIEEEREITMRANOESRE, Uy, $kil
DORFRZFH L OLARIEEZHERF L TS 2 LRI N, —F, TN DO ORERDARET 55611,
TERBITN B AR L EETETHERIEEDNMET T 5 EEZ 2 biLlc, AERNO 7 un 7 8 tix A4 v
J VERKROERERA N L AEZRINT H720OH Y — Ml D ATREME Z FF> T\ 5,

% —Y— K : Pyropia yezoensis; Chlorophyll fluorescence; Imaging-PAM; Low nutrient, L*value; Thallus

1 [ENZHFZEBRFEIE NIKPERIZE « BRI /KPER AL
%2 B NRAHINL L b O S OKIARTEESR
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WL B L O RN GE LIV AT 2 F N,
F =T U IINANEBILONT T IAXE RN (=X A58 Ot

Records of Naso annulatus, N. branchycentron and N. lopezi
from the northern East China Sea and Sea of Japan

BRI - JKEF B . NHEREY2 - FHEEFERYS - IV Bl
Yuki Tomimori, Akari Ogino, Yoshitaka Uchida, Yoshiaki Kai
and Mizuki Matsunuma

AU FMERE DOI:10.11369/571.19-030 J-STAGE F-#145BH fif(2019)

Naso annulatus Quoy and Gaimard, 1824 (Perciformes: Acanthuridae) is newly recorded from Fukue-
jima Island (32°41°24”N, 128°45’14”E; Nagasaki Prefecture), northern East China Sea, Japan, based on
single specimen [531.5 mm standard length (SL)]. In addition, N. brachycentron Valenciennes, 1835
(345.1 mm SL) and N. lopezi Herre, 1927 (453.9 mm SL) are both recorded from O-shima Island
(34°30°30”N, 131°25'12”E; Yamaguchi Prefecture), Japan, each on the basis of a single specimen. The
record of N. brachycentron is the first specimen-supported record of the species from the Sea of Japan.
All three species are considered to be important evidence of adult (>300 mm SL) unicornfishes having
been transported by the Tsushima Warm Current from a more southern region to the northern East China
Sea and Sea of Japan.

E AT U7X 1ER (531.6 mm SL) 23 AL OMEILE (32°41'247N, 128°45'147E; KR IR) 7>
HERIZESXD TR INT, ST U INAXLFHTF U I AEE FE2KE(84°30°30"N,
131°25’127E; L) B2 1 EROEARICESETEE SN, =7 I T O5EEIT B AR
DORAIOERIZIESSFEEHTH D, D 3 FRIIABIERIC X - T2 5 LR R L OB AV~
EENET U ATERAG300 mm SO EEARILTHD EEZHND,

F—U—F: TUINFIE o34 orHG WG S

] TR P BT B Y
2 117 B ERAMOK EES K PERBULR
*3 FABKREET 4 —/v NRIEEBEWE Y o 7 — SRR K PSR
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I H 7 FA 5 F Scomberoides commersonnianus
(7R oA BB AR E S OFRERE O
FRRE L Z O EAIC BB 5 7 URMERSE H 8%

First record of Scomberoides commersonnianus (Perciforme:
Carangidae) from Yamaguchi Prefecture, Japan and a check list
of carangid fishes from Wakasa Bay and adjacent waters

FAVEEGA* + P ERE*2 - FIRSCAN*S -
Mizuki Matsunuma, Yoshitaka Uchida and Fumito Tashiro

S MERE DOI:10.11369/)71.19-015 J-STAGE FL#]28B8 if(2019)

A single specimen of Scomberoides commersonnianus (Carangidae), previously recorded only from
kagoshima, Miyazaki and Toyama prefectures in Japan, was recently collected off Yamaguchi Prefecture
(34°25.3'N, 131°21.0’E), southwestern Japan Sea. The newly collected specimen (FAKU 146095, 401.8
mm SL, 424.8 mm FL), representing the fourth Japanese record of the species, was probably transported
by the Tsushima Current, flowing northward off the west coast of Kyushu and the Japan Sea coast of
mainland Japan. A checklist of 27 carangid fishes found in Wakasa Bay and adjacent waters, central
Japan Sea coast of Japan is also provided.

WEICEIRSE, BIFRESIOELENSDOAGEEKSINTWDI LA T T A 74 1 EIEOREAR D FT A
AR PE S L R (34°25.8'N, 131°21.0E) CHRRESNTZ, AFEO A A TO 4 FHORREE L THIZICHRE
SN EARFAKU 146095, 401.8 mm SL, 424.8 mm FL)IZE % & < JUNTEER L O A RN R 2t 7
WD FHBEWERIC L > THE SN TE LD TH D, AN H AN T EICALE T D HE & 2 O DK
WCHEBLS 2 27T o7 DR B &k E TR LT,

F—TU— K A AV AR A AR HA

*1 TR R B PR
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