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OB —ARE)Y FEEL, HIE Aok EMGE BN E T 5 EPNKEZEIZBNT
HERELY EDDLEETH D, TOWETIE, BEMRREE LCTHERTLI X2
FA U ¥ Engraulis japonicus D REE DM T RO 5TV D, FRICEEERZEIC
B ECTORBEICE, HMEKEDX T TAUOEBEKIE 15°C £ THEITE
BERHY, EKOMANZET 282 2 AR T I H D, £, BifE, &
BT TFATUPEEMREINRNZ LICL DB X, {2 X FOFEE D K& 72
L IRo TS, ZDIED, BERE ORI % D 2N E S RUE S 08 %2 K
L ZTEBELTWD Z 0 n, DPOB—AREDAEREICHEL KL TWD,

AFTEL, D 2FB ARV EEICBIT HRE a2 A M EAHRS 5L LT, EE
DO E L VO DTHY, Frm (B 1E) [T FH2E~F
SEERAELR (Fe® Lvird, H2ETH, MEKEE LA SERIMEHIRE
Hig 93 & LT, B2 7 F AU T OmiiMKIRmHE & ARER S M S oW TR L7,
3 ETIE, FBEKOBKEEZIRE URHEANE A BIETHRAL LT, BEI7FAD
VOT UCESTMEEB SN Uiz, B4 BT, 2 ®EH 3 ETH LR
R FAC LIRS O AT ORI &, BESETTRIE IOV CTRET L7z, #i<
¥ S ETIE, 2RO FIECTATAERE LY 7 FA T OFINEERGET 5720
AR MERMT D E LI, M ETOEKRREL LUW Y 4 Katsuwonus pelamis D &1
R L,

F2E RFEEOBY THDLOILTWAEFREKIE 15°C LV, BELX LFTbLse
AR BB AIRE & 2 202 BT T 2 BRYTRBRZ 350 L7, £ ORER, FIH
BT DHH 7 FA T OPEBICKIRIL 27.3~28.5°C LHEE S, BIEDOEHE K
% 5~10°C BT o bR d s 2 EXNH Lz, Fiz, [FRFICIKERRmHEC
DWTHEHLNZT LT, KIBRIOH Z 7 FA T OB EERERICOVTRE LT
A, BHBFEIISMGLU ETEHET LI LN EZETHLZ L, KED LA L&
HICBBEEEHENRELSRDLZENRHLNITR ST,
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FIE HEFREOBY THELON TV LIEWHUKERLZES LTS, WX IFA T
BB ERBENAREL 250 EHLMNCT A2 HINT, 7rE=TMECER LT
ARBR 2 I L7z, £ ORER, EHIRICR T 2IEMEET 5= T RRER O HBSIRE
%, BLROEGF KR 15°C T 0.706~0.770 mg/L, {IZEFKIRZHIKR LD B 10°C 1
F-IH 72 25°C T 0.450~0.634mg/L & HEE S 4, BLKOBUKEITETETH Y =x/L
F—ZRBE L TNDZERALNIRoT, Fiz, THHAEOBY TR 2 % B/KIRR
WO 27 FAUVOREFHRECEZ T2, BEN LT KIZ L2 KT D T HE
ERDDLNNCT HHTREREZ i L7z & 2 A, Wikin#iK T & vk o fi
BNARETH D Z EBH S Mo T2,

BAE 2w LS 3 ECH LN ALITERM A O BEAGEE S T T, SRR
BRISEEZFM L= DO TH D, TDI=h, 20°C & 25°C DO/KIR TEFFEIRZE TOHE A
50 HIOFREESRMET T, BENAREE R DAL NCT 2 BRI TRERZ F0E L
=LA, 50 HEOARRILIN%E 81% L eoTe, £, H2EEE I HETHEML
ToRRBIL N TS ISR T 07, SO CERICHIER F E T 5 ATHE
MERH 5D, TNEPERRT 2 BHYT 20°C & 25°C THUARIMMHRER A2 i L= & 2 A, 3
CHEARIE LAY L IEITENZE 23 Atk L 14 AR & 720, FEHIF ToORERE DI
CHERICHEITEENRNZ LB LN o7,

FEHE U, HANNCHEAAL D X 7 FA4 U UREEMG SN2 & T, HE
S D EECHIENEND Z LI D a R ERBEL TS, 2L ERET D729,
VT AL - HE U EAIEE L, N TAYICERIN - S A E LT 2@ D
DITVET, BB T FATIDOEEIA MR EIZBIT28MEEZH 6T 5 T
FRBR % I U7z, RIRIGER & e L7 EE 2 X M, BRUGEHIXIZIERE Th o 7273,
FHEIEENT 10 5L b ax M@ b b, MEFIECKEORMAEZI N, F2,
fit FICRT B AFREER L O Y A OESRIZOWTIE, RIKTGAE & bl LR - &5
[HEE & BITHAR 2N E R BT o T,

UL EORRFERER NG, mEDLDB—ARE D (AR TIE, BUROEBIBKIE 15°C £V 5
~10°C FHRE®2 Z &0, #UKFEZ N o HHASEREETEHWH Z & T, Bk
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0 HIRMFES 2 RIEIZHII T & D AREVEN 018 D Z E N LT o T2, FTz,
IO FB—AE Y M TIE, mARRRIIZEABE K ZMEAETICEHE T 25 2 LI
RETH DI LA LI, 25°C LLT DMK Z W Wit UK S & O £, &
KRG 2 BT T2 B BUC LD, BWE 7 FA UV DORERIEZRTONDLHDEE R
bND, &HIT, HALHTT ~FEVEEIZ 3T 2 KV RIE D 2 7 F A4 U V5%
DEFELEMARRR T 5 2 & T, HIESERSEOHBIGIHE(LZ D 55, ok —AKEY

BEOREURIIHET LN TE 5,
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1.1 MEXIE—BHELTOHAYIDRLEY—

K 25 RIS A I SUIEPE ISR SR S Lol (A AR AN OEF 22 & 30k)
X, =1 =RE2ERET DB R RBENRT AR ENTND 2, £, 9 F)
Z EFITHE D 2 L TR DI WEAENER T LR E0REER D, HAR
ANDRFFRNEMBI LR > TV D, D [5FEKK] OOEDIIRMPERNEDE L
T, MOBELRAHD (FEb 2014), o7 LOEEE 72 551X, BHAE-ST
WZRWH DR EE & S, A REEREU O RBIIC IV T, F & ifRZE T
SHVT= 1 A Katsuwonus pelamis 73 EIZFEH ST 5,

o, AYAFRFLF ZxE L TAERFIASND Z b2, BREFIICRES L
LM, BERHEV RS TRWVWHSID E LIERFOI Y FTHDH, L& ITx
2, BEICRS T ELBRR LA SARSIL ERY, ZDO%, FKIT=FEHic
R LIzE ZAZBEINDREDEIL, M4 heh ok e bIEINDIZERENF ST
WS, MEFIZELLHERTHD, 72, MAMBROFESL L THA RN DOBDET
L, BRI T HIEDR TR VB L ER L B SN, BULEIRE LT—
HEHOTWDHEZATHLD, TRHIZIIEFEELZE LT &, FcbikEnd
LU, AYFIFAARANCE > TEIHR, RS ZEOHPRBRWEBEHFEOO L D &7
S2TW% (FH2013),

1.2 M OEREOHK

Y FFEITEEME, OX/edb, — ARV FIEICTRE I, 52 FERE - &
JEEEAEPEREE (LA, #EtE W H,) BX O 2 FE R A (LLT, el
EVVI L) ICEAVTENIREEAFER 188 J1 b, KRBT &F 452 @M (@240 M/kg)

HEOLMETH D, Y AOEFREAITOWTIE, B 3 FLEEBRREE IR OB
1



2 RAUTFPEE AR RIS B WTEAL - B & o5, I, SMERRIC K DI ET)
MEELTNDZ LMD, slEHiE EEMRERNLEL SN TWD, 1Y FOF]H
IZOWTIIZ LD 50, BEITEEHO b D%, RIHC-EIE, O&ERDR
— AR THRESNTZLORFIEHAIND, Y AOREFIED S H, —Ricm
HEBREL, ODEEDAELHTEA T Iy 7L S 2IE, POB—ARHY TH D,
KL, SLAHPOBOREMGE AL L, ENKEEZCB O CEERMNES
HOTWD, #add & ZATHDHN, IWHEZBIT 2020k —ARE D FEEITIL TR
MNHATOI, HEE S ORI 15~20 A2 AL, BIFD ~3 ARREDOREZIT-> T
Wik ENTNnD (FEb 2014), £7o, EFEIZBT 20008 —8RKE 0 BEEIIIIRRE
REWIED BT D, RGITRREEHIMERA~EB Y, FRHZHM O KRB AE A
ZEEIn TS (L 1986),

OB ARV RIER, BT, BHEESE TRIREL F FICKRIR A o0, S
NG (RARLPIRNEER L) 2IET L ZANLIAD OGN D, BT % 1
FTHMBIL, BENLOTIIIA Y FOREY (Wb LEE) Sk Tns 2L, £,
EHRMICITE Y v 2l EO/NEP TN TWNDZ ENEL, TNLEME T2V A - &
SAHED XD R KB DRAN O TeDThH D, Y FOREEN RO 5 EpEFEITE
S, BHERDNEZ T TFA U EMEICHEE, MOKM LY EEICBKL, YA E
BOEHFED, BKOHRIZE > THYAREEREIC D E, HOIWZ I TFA U
EVBEMICTED L7289 EORITHE T2 v v | LN D BEEEEF & DO XA D7 <
720, WEBRHEIZHY T oD UMEB 2015), Y A% 1 ATHOTEIZHY I
F D AREE, AIVRRSORIGR LT D MRS OIRMEN D <, B IR PO A RERHMER
DOBENE I SN TS ORF 2013),

ZOXIRBIEORHEIZ LY, DOBMITIEZ ORMENNIE LR DM, WL,
FRE O FEME LB E R RN TEY, %< ORERIEWINENTTBE DI
o TWD, £, WY FONRBERZE, FAMERDIED, RO &R, THEERE
mE, IAFEOR LWREREN DX T IRERLZ L, Mook 5

fHiicdH 5 (Fig. 1-1,2),



130

120
110
Qloo
=
~— 90
. 512t
E 80
H
W 70
<C
60
50
40
~ (@3] i o [¥p) ™~ (@)} «~— N
o o ] i -« i i N N
o Q (e)] (e) o o [ 2= o O
oN o o o o o o N N
BT R —TER 0 1B
Fig. 1-1. TSR 5 A FEilfliks O L EhHER
90
80
70
60
e
mw
@ 40
I|III:I30
20
10
0
M = v O ~ 00 O © =« N N T U Ow N~ 00 OO o
o O O O 9O 9O O = ™= = =~ =~ A A = 4 A4 o
o O O O O O O O O O O O O O O oo O o o
oSN NN NN N NN N NN NN NN N N N NN
- EENDE—FH Y B —e=iTEHIDBE—FHY EM

JKPE T R A P [ B AR R 3 0 AR RR
Fig. 1-2. iTFITIIT D fiRET Al EE B DO HER
HARNOR « £ ABRERFRMA O U LNIE, EEROEEMBBELT 2012 4F
LIRE 22~25 ETHERE L T 5,
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LT FA DL, FEICHEME, NEXE, EEECEESR, B2 FEOR
A L OWERIC TVEEWNIESEAFERIX 144 5 b o, KT 4% 122 5M (@85 M /kg)
HEOLRETHDL, WE I TFAUVUITEE, HDVDOAL, BT LRE, WANAIIL
SNEBEIZHN DTN, FHELTERXLGNDLIZELHD (EEDS 2017), /2, £
DIFPOABE LT, 2OoB— ARV IFEEOIGEE L LTHRIHIN TS GEH D
1984), bFib L7-ifEEERED 9B, 9 4,000~5,000 b XIGEEH & LTIRFEES T
BV, KGFEEITH 40 EMN (@800 M/kg FEFE) Zh5d 5, HIE, HAEIDWERT
DL Y=L 7 P EMINOBIRNEE TEY (% 2012), ESZHFZERHFIEAN
IKPERFIE « BEHRENAEK LT 2020 IR T 2 EHFHEFE R TIX, #2272 FA4 U
T OBEPRED 2000 FEHA ©— 7 I T HREIC Ao LR LT D (Fig. 1-3), %
WL —LNOREL =AY T N T AT EL O TFHETHY, 20k LIS
< ORIFEERNMERT D Z ERNTHRENTND, 2O T, ESHFZERRREIE A KER
I - BB RAE T 2 — (UUF, BFMARr2—Ln9,) T, W& F
A TN BB ORI & L CH /N8 —Chanos chanos % # - 7= 7> 4 O#JER
Bz i LT\ 5D, LLAaRD, e — 3Rk A E— FNEL, MNofFEE# T
REL DL, FRZIUMFVIFHKAE— R < 0D 2 &, FHITTICELHEED
BN ENDAY A ERIFESH L, L LToRHEFEIATWD (BFH
2005, B 5 2005, 2006-1, 2006-2, AFF 5 2008-1, 2008-2, LT 5 2011), ZiLh
B, BT FA U NURDDIEREOEMITIIELS, OB — ARV KL > ThE Y
FATNIMERA R EDOTHY, WHIZEMETHD (KA 2004)
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1.4 hOE—FKPYREIEZ H5E

bR EFEY, OB —ARKEIVIFEETIE, LD EZ T TFA U PEEHNER D
EDD, MIMERTCEES C 1 BRI S~Tg DA EZ 7 FA U v EZMIHEAIAT, ETERNOD
NETFAT %K) 1,000 X EMTT W, HRPERREANSTZ I3LRRED AT
VNZAND EERFIAMIROM S WK S HF 2T 5, 20%, BHAESE T Y)Y
L—%ATV, EERC ISV TR 1,400 #643, ST IC IV T 140 M50 & N Of &
IS5 (FKA 2004), PR T, B0 SEEERICE O TREHM#RET
H12%, 30°C fHEDOHEKE DX 7 FA4 T OFEEIZHE LT 15°C F THAI, #kss
175%/REIC T ECEIBE T2 2 L0nh, WAEANC 22D 2 A N (BRIIROER) e
EEBLTWS ORFD 2009), HEEMIZIT 5 EEREIC S HRBRIZNOEIS



% Fig. 1-4 \TRT, BEOBED S B, £ 3 BRI TH S OKPEE - AR
HEERERS 2020), 2022 SBT3, HAEH OB L2 TRBIRABOEBEL TS
ZEMD, ZOFERITSHITHLTWD, £, mRETIE, BAREZORBGIZT
BT D Z L DlE BB E S, SF K2 G TR 500%/0F Tl L5 23T
Tk, BEGOWKENES RO X 7 TFA VTR REFLTT HZ L%
<HBND (BIEG 2012), £o, WY AOKEMIC25 L, KR Z 7 FA T
DEEICB W TRRE LA BICAR D Z & T, By Akt s, dTcorigs 2
L ENHZ EL LIXTLITERE TWD,

VL EDORRIZ, B T B KRB ENCER 2 IR OB R, ST CIIEEr
MH 27 FA D ORNRITERRT DM ORD, 77205 KET@EOIRTHE Z
D, YV ARROREICADRENET TWD,

SN

NS m AEN m EHRLE
s nRERE = £ O

IKEEZE « IEANE PEALHEMEAE L X 0 1ERk
Fig. 1-4. ImEEN DB —ARE D I BT 2 X HRE OEIG



1.5 AR DIER

KEwIIE, MoB—AREVFEEICBIT LA MG ROOE DL LT, #HEIZ
VERARIIEEETH DX 7 FA T O L, RIS T 200 I wlr )7
BIZOWT, EERWMOMATLMHERREEZ LDV ELObOTHY, Fim (B 1 =)
R 2 ENDE S BEERAELE (F6HE) LR,

KEH2ETIE, BZ 7 FAU T OmIRMKIRTNE & KR BERE 35 2 B
T LM EAT T, I ETIE, WEITTFATTOT =T RO THEZT

Fifi (it

W, HOKEETITDZLICL 23R NOABAERA T, H4FETIE, F2HELEEIE
THREOITA R A LT 50 ARICHT DI T & MSETINIE 2 4 2 BAG AT F &
FEhta L7z, HSETIX, AL X I FATVEAEFEL, TDOaRX b EFHMEER
AEL, KRB Z I FA T OREL RV GL0E LTz, &EDE 6 ETIX, AUE
THROLNMREEZERN L TORL, M BB 2 fE k2 miEfcE L i Is o
THEL, BRIAET D HECOWTiEm LTc, £, WE I TFA T O NLARE
IZOWTIEERR L BIED 2 DO FIEIZ OV TEHE L, 4% O LFERE O fHErE Iz
Taterm L 72,

B, A@SUL, F1E, F4E, S HEBIOE 6 mARE, BRI 2 i

[/INFH B 2018 ; Odaetal. 20211 & L TARFELTH 5,

1.6 SIAXER
FE Kl - SREET (2014) BiHOFFA R HAK— BRI BT O B Y A A,

IR R OFCETREIAE. 1-160.

A HPEE (2013) 4> 4. FRANEWS. JNZATEE AKERAGHIGEE 2 —. vol,34.
8-9.

TN 2 AREIRGE - BAEEAPERSET (2021). BMOKEA KEEHEWR
Hertik
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RN 2 AR R PE AR (2022). FEMOKPES KEE TEHLA Mk B MG e A ik

B3 R EEBREREEIROBIN (2022) KPEFT - ENAFFEBIFIE NKENIIE - BOEHE
1

L oA (1986) 77> AIREDIES : 71 AT T— . ZEK. Frli ok FERER Y.
35. 1-3.

/AINHERY - BIGEE (2015) 222k —AR$I 0 i3I S0 IR, MSZATEHE N KEE
WAEFTEE ¥ —. No65. 2-3.

AN (2013) 7 A Ofalk. FRANEWS. TNZATBUE N KERAIIE > Z —.
vol,34. 12-13.

R TEF - &g (2017) A U HiE A WUEMRY]. FRANEWS. [ESZAF5E6
FIENIKEEDIIE - ZUEHEME. vol,51. 2-15.

HE o BRI - RE S - REPER - R (1984) HOAREERERXE. W
MR RS, B 20.

HEBEE (2012) A UL BANEABRWNEA L D%, EEAEARM. 1-111.

B2 (2020) FEEH F T FA UK THERBEOGIFEAL (2021) ESZAFZERRIEA
IKPEMTSE « 0B HEME K PE B IR JE T K BE B IR FE & o & —

B G2 (2005) YA ARSI IEFEICBIT DA T AR L LToY e —ZD
WL FUK. ERRIROKEERER Y. 112, 1-4.

GHINEL « BB « RES—3F « BE)IMIR (2005) SRR 15 AR EEEPE/K PE EIRR 45 B
TEBHFE R (Drodofy « AT - PRI FRAME &, M TEIE AKER
HWgtE 2 —. R 36-46.

UM « HIEFBCE - IRE—F - BIHEER (2006-1) Rk 16 4FEEVEEEKEEEIRAI &
BULBRZE S (Dodo8y - RTFETD - THENEED) SRAEWRE . MSIITBOE AKE
WA v & —. #Z&)IL 40-45.

FOINEE « B JER - ARE—F « BOINITR (2006-2) PRk 17 4FFEMRT/KEEE A H &
BULBRZE S (Dodo8y - RTFETD - THENEED) SRAEWRE . MSIITBOE AKE

AT 2 —. 231, 40-48.



AR« BHSE - RE—F - B (2008-1) AR 18 A FEWE /K EEGIRF &
HYvEZE (ZPEDORE) « KV - aEEE) A RES. MIATEIE NKE
WAEEE v & —. &R 19-32.

ARHFEN - & BORAE - IRE—F - BT (2008-2) PRk 19 R KPEE IR
MG R FERE (RENOIE  KVFET - i) MARSE. MSZ1TE0E
NKFERAMFTE ' 2 —. #Z)I. 21-54.

R - BERBET - HRE (2011 >k —AK#VIREICKB T LN Z 7 FA U
TEAEORHEEE L TCOY /S b — O RREM: : el s BRI K 2 1 20h 22 D 3.
HAKEEFESFE. 77(5). 902-904.

KA (2004) 1> A L oBEORIR - & MIF~, £/ 13db~. 2 =R
DOHF. aE X, 215-231.

ARHEN - FEHEE « REZER - IRE—F (2009) PRk 20 4 BEHRCE K E & i BA 38
¥mEE (BRI BB <AKOEET « TEESR>) - MSATBAEAN
IKEREWTEE 7 —BRF AL v ¥ —. k. 33-37.

IKEEZE « RIS L HEERERSE (2020) EVED OB —ARRET v Y = 7 NSO EE

BEEATEH GEVED DB —ARHID v A /L F)). 154. 1-61.

BIRET - I FH R - LRS- fAER - RSN - mHUES - AW ES - BEK
AR« /NAEAE (2012) SRR 22 ARV K PEETRBIRE FEREE (A7 2%hG
R TR 8 < B PH R4 ST OJUMN P 51 > ) . IRNTATBOE A K EER S

et o 2 —. &), 57-63.
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A1 % 7 F A T Engraulis japonicus 1%, T/ U 2« InHEMN G BA - §#HE - A5
FOHPEOMIBIZILS 3 L (A - H 1986), FoSEE IR R, W5
PYEREESS K OSRHEREIRIED 3 DOREE 0T TRl - BEE ST\ D, AR,
fiefl, EEME, WM S cRESN, B, LoT T LAY TRESNDIED, o
B OEEE LTHHMEINA TS GRHS 1984),

LT FA T EIEEE U CHAT DimEr 25— AR 0 I, 135 L 7o DB
P BRI IV TR (40~50 B) #EE7 2, IHEE, JEf, &' o s
hicth, i AR (B CTHEINEMICIRE SN TWD, IBIICEAAATE D &
7 FA UL, ENOESEH HIESIZI S B OKIR EFIZ X DTEMEORGECIE T
BaIhbd, D), WEZ 7 TFA VO EFRBEKE LTR 7 TRYIAENDE
AKX, WmERETK 15°C ETHERISNDOPEFHITH Y, HENZD DM A NA
WEREEZEBLTWD ORFS 2009), —7F, it LEIEIZHE D) KRB AFRE R &
[ZOWTORFENE, oIS THRNY,

Z 2T, AWFETITEEP DB — ARV EERE OZEITET 5, {HEEE 2R
HAETTFAT L ER/NEORII A NT, BRI EEET 5270 DEEEZGS H
W TR 72 2 SORBREAIT -T2, B 1 TIEH X 7 F A U 2 O iR MK IR 2 2
BL, A2 TIEH X 7 T AT OKIRINKREERMMES KX OWE R E 2 R T,

22 MEBIVHE

ER 1 ERAIKIR AR

Beds& ABRICIE, 2009 4F 11 A ISR R IRIE THIJE S Lz, PEIRAR 923
10

g:ll:



+50mm CEEEHERERZE), RE71+12g (n=100) OEEOHERLE bR
DYARTHDLIANE T TFA T AN, TNOHDOHZ I F ATV EFEHFIZEL D K
PERRENITEE v & — ST E (U ~Hktg, BAEKR (13.8~144°C) THE
fili L7z 80 KL \AM =7 U — RoKAE (F2KE 70 kL) ~UNE L7z, Faflid, EmrED
OB ARV TOKEELEFEEE L, fKE 1gH72D 0.006 g DELAEE (Wi
LR, RIEMAD) 2R 3 BN TiTo 72, IA# 20 A DL A SRME/KIRIZ T
BL, "R UTEHIZEDENCA P L RAICEDEERELE N T LRBRICH L
776

HEBROBRE =RENLOB—AHVIBRETHEAINL VDI IZ I FA4 U OEEK
& 15°C ORFF5 2009) ZXfHEX & L, 20°C, 25°C, 30°C 38 XN 35°C DA F 5 bk
K& T 7, ABRIZIE, 2000 AR Y =F L okl (RKE 1750, v hE 7,
3y MR LEMASH) 2V, RBRIX 2 L2 2 K D# ) X LIK AT T2, £
BARE LT, 13.8~14.4°C O A K A WK EMER (FKE 50 KL/, Fp@EE
EE 0.55ppm, BT L v ¥ —CS80, Y ~—fiflT AT sk Stt) TR L 72
WK 2 - e, WK, £oEE O K), £721%, —H 2kL @ FRP
KA~ DT 20°C IR L7212, KA (CSL-100L, 77 4) ZH\TZh
ZIORBAKIE A~ LTz (Fig. 2-1), #ERBAAAATHIZ, AL RN DB —AE
DI CEBICHEAMA TN TV AEBE 13kg/kL CINH B 2011) THARER/KMEIZ 380 2
TOWAR LT, ZOROEKMOKIERIL 20°C & Lz, #HZ O T 1 HOBIEMM
BRI, A RBRUKEH R R K £ 7 XA O MRIRE K 2 K L, 0.5°C/
IRF[H] DR BE CRRIR & 72 13IE U CHRREARIZTEE Uz, &3k o ff B 7K IR 2352
FEARIBIC B E L 7= 5 2 BRI AR & L, 120 B[l £ OfE L CABRM 28l L,
ek, WEBRHIMIIEERGEE & Lo, BURRIT—ROEHED OB —ARE 0 I L T
4,200%/H (OKR#T5H 2009) & L, FARFEIZIZS00W & —%— (U —k—771 500,
NISSO) 1 AZHY fHiF, EKREZFE L, BRUL, =7 —Ab—r (BEF7Ivy
7 =7 —A h—2 AS-80, nitto) 1 flilZH\T 14L/53 DR TITo72, HEIX, =

MOB—ARKE M TORE HIEICHE D, 24 RFREEEEE & L7~ = OEFO R KR
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OB, BEFH (TIOWs, 2 =4 /%) ZHNTHIELZE Z 5 700~1,900
Ix DHiIPHTH > 1o, AN (DO) ORIE I IO AR # 5 (HQ-30d, HACH)
Z pH ORPEIZIFN— v 7 pHEF (PB-11,/V U 7 R) ZfEH LT,
HROFATLOBHRROIEE BT, A 18, 78, 13K L0019 i
D 6 R B X TMERY H LT 5 & & i, K, DO, pH OfEZEék L7,
F7o, 24 Ffilig, 48 Wi O miRMERESERE L, EREURZRKODL7v Yy b
1% (Goldstein et al. 1976) IZ X 0 B L7z, Z DFE, 25°C & 30°C ORT — & 2 U\,
IR E T REEHE L,

B2 KEANERFHUEERS L UKEINBREBEEDORE
HBRREORTE KESVMEEESEMHERBR BV TIE, 15°C, 20°C, 25°C 35 LT 30°C @
4 R BRX 2 5% T 7o, HEERAITIE, 80KL NAM =7 U — MKFEIZ T 20 A RHILL /KR
20°C THEIB L72iBR 1 LRI CHRON X 7 F AT 20, BIEHD 200 L Bary
TF L KRE (R by 7 KE) 83T 13kg/kL DEET—BINAE Lz, A kw7 kil
X, BETTOKME CHIE LTzl & A UKIR 20°C I TOFEL, =7 —A h—V
1% HWT 1AL/ OBREIT O & & Hig, ARk L2IREWEAKIZ LY 4,200%/ H OF
BTHAK LTz, ANy 7K 8 D H 5 2 FiT 20°C 1THERF, 2 JEITEBRAIUA E %
£V 0.5°C /IFFEIDHE T 25°C 1270 2 F THNRE, 2 13X 30°C 12725 £ THNR, S 51T
2 FEITINAE 2 B D 15°C 12725 £ 7T 0.5°C /FEROEE CRIE L=, FRiRIE, B
K DK ETZIL S00W B —F —1 Kzt 2D A by 7 KFEICHY £ 17>
2o AN 7 KN EREICEIET 5 £ COMIIMEEEE 21TV, SREREIC
IBITREEZ IR, D% 24 REREI DL BB S W7o 1% 1B 2 Bk I LTz,
ARBKIEZIZ 750 AR ) =F L oKl (K& S0L, AU #b, A a—HKa
1) ZHRAKIRX 2 P OHWTREBRAITVY, 2z 2 B IK L7, RERBIMGERTIC
PR Z= T — A b= 12 W TR 2B L, BEKFO DO A il faFmik
RBL 725 10mg/L iIr< £ T ER W72, ZOE#KI, FRB/KRICES Lz 2 7 F

AU % 2 FORBR AN ~Z 1L 100 2T DL MITINAE LTz, DO HIE D 7=
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KRR GFHBFE O T 0 — 7 2 KERICHE L%, @RbEKLITHT, BN
DK & 22Z 0Nl Lo WX S ICBHOE=— Ly — N CKEREE BT, S HIC
E=—by— b EKREEER & OMIC T e —TIC LSRN TE RV E D ICHEEOH
DHEH MESmm O =— L F 2—TIZRKE2mm DAT > LV AOELZEL, BEE47
cm DOV U RIZLTE S D) EARMEREH ORI B =— L2 THEE LT, &KRFEIC
(X500 W b —%—1 KZHO AT, KIEFAEEZIT o7z, DO IFa0tiafiie#at 2 i
WT3 T LI Lz, BRI, BB ERUSERE L, BB/ O KX
1,400~1,800 Ix O#iPHTH > 7=,
AEOFADODHERROBE HKEGAHE, HHD (1997) OFFEHEY, B
IZ& D 3 RIRE TR U R AL, REFFRE & OV DO K IS AE 5 Bk A R
7o
BREBEEOHE LLoRBGERZD LI SKRICBT2RBL1kgdH20
| B 720 OFNEEEZ FrRoXE W EHR Lz, 2k, RBKE~OIURE %
TERBRADEFRIRIBIC S o 1o 7o, WEKATENDNEIEE B OV T BRBA SR 6 J0iRil i 7>
5, (KEEFRE DRI K- TIEFRT 2 EEB BT 5 E TOREHIN G DO 7 — & % H
L7,

X = 60000 (DOs—DO,) VI (n—6) /S/W
X MesRiHERE  (mL/kg/fs)
DOs : RBRBAR LV 6 /3% D DO (mg/L)
DO, : RBRBIAA L Y n 43 D DO (mg/L)
V. kz (L)
St n 3HOAFKRRE (IR
W SRR E (kg)
BEANEOSE R ToORTIX I RE, FH L2 EEEKOESRE 32 O
fill 7 I\ C Truesdale OFUZ X Y Z O/KIE t 1281 5 BEFEAIFIE 100%DOE K % Kb 72
DH, FoOXITLVEHE L,

K (mg/L) =14.161 - 0.3943t + 0.007714t* - 0.0000646t> - 32(0.0841 - 0.00256t +
13



0.0000374t)

ZOKIRIZB T HEEFEfEME (%) =DO (mg/L) /K (mg/L)

23 #B

BB 1 SRAUKEMERER HKBWH P oOKIE, DO, pH, FERBHAARE L& THED
PRI IA R 3 L OVRBRIE TR AEFER % Table 2-1 (2, 27RO 2L % Fig. 2-2 12/~ LT=,

ARERWIRIH 15°C, 20°C BEL U 25°C K TOA X 7 FA T VO TITIZFEAER BN
T, B TROAERRIX 97%LL EE2 /R LTz, —J7, 30°C X CIERBRBIAE %0 D
FECT DA BIE S, 66 FERBZICITAMEENET Lz, I HIZ, 35°C X Tidin
I 31.5°C £ TIZAfEAENIET L (Fig. 2-2),

7'a ey MEICK D B U 24 K% 3 KON 48 IR 14 0 T A 5B IR D i
1X, FNFh 28.5°C, 27.3°C ThHoiz,

HER 2 KEBEAERFRMERRES L CKERINBRFEEEEORE HBWH 0¥
ki, RERBHAERE O DO, # AR L OMRHE, HBE 7RO DO I L ONEARaE
IRf[H] % Table 2-2 (2, DO & AR DA% Fig. 2-3 IR LT,

KIEAEWKIEE DO BNEEIZED L, ECEEROHBLE CORM b EL 2o,
e b KRR 15°C XTI P 5022 DO 238 L, 5RERBA%A > B 81 4314 (DO
=1.12mg/L, FEEMAFIE 13.9%) ([ITEFRL T T HEESHEL, 107 5% (DO
=0.72 mg/L, FRFEAFIE 9.0%) [ZIXEMEENIEL L=,

—7J7, HbKIRDOE 30°C X TiX, 5 - SETERDO BT 15°C KDOGHE DIEIE
350 1 OFGEIFRNCH =% 27 5% (DO =1.92 mg/L ; BREAIFIE 30.9%) TH Y,
BEERDIET S 15°C D 2 77D 1 LU N ORERHTHh 5 41 7% (DO =1.39 mg/L ; BE
FEAFEE 22.3%) Tholo, RRBAXZE L, FEHF - FETEED BN D DO IE 1.12~
2.36 mg/L (FAFEEIFNEE 13.9%~35.1%), 2EIANFELT L72KED DO 1% 0.72~1.39 mg/L

(B AAFNE 9.0%~22.3%) OFPFHTH Y, KIENEHWIE T IEKBEEMEDME T2 2
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&R STz (Fig. 2-3),

RIZ, DO & WEEHEHEE OBMRZ KIRANZR LTz (Fig. 2-4), iRBR/KENO DO 2
5 mg/L DL L TIE, A iBRIX OREFRTHE H A O FEEIC K & 222013 o T,
L2 L72 5, 5 mg/L R OFPHTIX DO O & & 6 I2E DO EITRED Lz,

15°C, 20°C, 25°C 3 L U*30°C DFBRIXICI T D0 2 7 FA U ¥ DFRFEHE IR E &
ARERPA LA 6 5312 70> DAREE R DB L o THEFT 2 BENS BT 5 £ TORRINO T
— X A L LR, 22 396 mL/kg/FE, 702 mL/kg/fF, 810 mL/kg/MFFs
J 01,092 mL/kg/BETdh - 7=,

24 EE

EIEDN DB — ARV IREIZB T AN X 7 FA4 U O EFREKIE, HGiEla A R &)
(7T 15°C ORATH 2009) ICRFFSNTWD Z ERBHITH D, LnLaens, AR
JEDHEHRN AT D I Z 7 FA U %, FIT 15~30°C OKEHICAEET 5 (FEH 2006)
EENTND, ZDOZ L& XY, FELIIMEFEEKEELZ 15°C L0 @Em<EREL THE
BORARETHY a X MEPHICEN DT RWne&Ex T, T2 CTET, WEI7TFA
U OAERARER BEIRKIEZERET 2 L2 B E L, SiRMKIRMRTERER 217 - 7o,

EIENOB ARV B TO i (40~50 B) IZB T DX 7 FA U OB
13 13~27% ORFFS 2011) THY, SWIZ 572 BITHEIABKRED T3~87%FE
DAERPMETH D, RRBROFERND, W¥ 7 F AT 0% 25°C OFFIRETS H
HTH 98%M/EFE L, 27.3°C TiL 2 HRRIHEHDEC T 5 LHER ST, ThbDZ
EDD, BEEPOBAFIVIEEICBITDLNE 7 TFA U OFEEBIREIT 25°C LLFT
HHZENEELWEFZ D, £, RRABRO 35°C HBRX TITINRIEZEH D 31.5°C
DRI TREEMIEL Lz, TH (2002) X 20°C THIBAEZ O D % 7 F4 U O @ik
LTI X 32.7°C & @A LTV 5,
AIEBMEEEE M IERER I, DO X 1.12~2.36 mg/L (FEFfafifE 13.9~35.1%) T

BTORBRX T Z 7 FA T UPIEFRLIRD T, 1E-> THIEREO DO X 2.36 mg/L LA
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FIZROBER DD EEZ BTz, £, RBRBAGE) OB TR E T 3 0flR T
MREMEREDT — L2 2B Db L, BEKD DO N5 mg/L DIEL VD7 i h Lk
HEHE A3 oA H - 72 (Fig. 4). 2L, DO DK T & D WILZEIITHED
KEOEMIZL ST, WEITTFATOERERNELLTEZ 2R LTINS, L
72235 7C, 5 mg/L BAKFENO DO O HZIZ/e b EB 2 bivh, —AIICHEIERA TII,
fERITAETET D72 DIZET D /D DO I, MEKDEFEEED 50% Th D & F DL
TWD (TS 2004), AFREBROKIEEEFIZIT DK OBRFZAEIEILA 6.2 mg/L

(30°C) ~8.0 mg/L (15°C) (4 1964) TH Y, =D 50%IF4) 3.1~4.0mg/L L 725,
BLEN OB —ARE Y EBL 2T 28 BB RO DO I, 4.7~8.1 mg/L KK 5 2011)
EDHRENH DD, ZOMEIEABIORBRG R LORMOMANS T Z 7 F AT D
WIEEPH CTH D Z L BPHERTE 2,

Uk, AEAT-722 SOFRBREER LY, BURIZBIT D05 7 FA4 U v O LiERF
DK, DO IIREZRMENEC LRI TRNWEEZ X NS, — T, BEITFAU
> O EARAIZKIETPER Z VDO MPENH G772 2 2k, BURED 61
VKR TOFREBEAITH 2 & THHEIZ X MEHITE 2 rREME bR I iz, B K
IAZDWNTIE, 20~25°C DOHFIPHN T X 7 FA U OBEIRITIZE A E R BT
B, BATOFE KR 15°C 725 5~10°C EF b5 AREMENRH Y, WAKGENIZET 5
R ORI CE B,

DO IZOWTIE, MREEHEEICELN R 57z 5mg/L BLE, BREAFEIZOWT
12 15°C 72 5 62.3%, 20°C 725 68.4%, 25°C 725 T44%L B RE§+25 2 Licky,
HETTFATDOREREEZR S E & BITEBREDNFIL T 2 H] TE 2 EtEn b
Do

PLERA_TE L 910, AFIFEH L7z EKE CORBFERIC LD, iRz 6
PEEERY 5 B, AKIESNEEEF M ERERDS 2 KL LW BEWHIO D THL b
DD, WEPDOB—AREI VD IfZED 3 X M A E 7z, AR D (2015) (2 8,
K3 4,200%/ H , 15 7K 20°C (27T 40 H M | CTHE L72FED DO 1% 4.6~8.3 mg/L

EDMENDH DL, ZOEIE, 15°C FHBEEEO DO & KENDNWT EnBHKRE 4
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52 ER<BEKEE 5°C LT b5 Z & a2Rml L Tn5, EERIZHS/KIRD 20°C
Aith & e o 7B, B KGHAOMEIE AL L, EEKIETHE L2561 e
B2V 10 Fr Uy FMVOBRBHIEAHRE STV D, —RIREEN OB —AH
D (499 ) OERPEHME 6.5 iiEEZ U D L, EMEEFrY v ML
DOHEA RIAE N TWD ORFF S 2015) . Z OfEIZ 2017 4F 11 H A E A& 70 H
ILEHWRET 2 &, i ECTOREKIRE 5°C EiF 5 2 L12 & 0 ORI L & 4
[#] 455 77 FIRREEHII G 5 2 & S WIfF T & 7o, AWFFEORRIL, EHENOB—ARED i
EREDREICHEET DD EER BN,

2.5 SIFXE

e B |t e (1986) ks (). MEEAEAR. HA 502-503.

AHE O — BRI - SREE— - REPHEGE - SRR (1984) HOARPEESEIRIXE. K
MR RS, H . 20.

ARFEN - BHITE « RKEBER - RE—F (2009) Pk 20 4 E R K PE TR BH I8 3
¥ E (BIEKHSH  mEPOBE <R - TEENER >) | MNSATBOEA
KEREWNTE T o Z —PFHE L ¥ —. Bk, 33-37.

AINHFERE - A 1 - W - SR B - TR - B - R - B
TS A o O « KIS - 1L N T - RE—F - /NEA - [ HE— (2011)
BB FA T Engraulis japonicus DT > T =T JEEEMiHE 7ok A4V
DA MO =12, FEFREE VX — . 13, BNIATBOE AOKEER AR
s —. Mk 10-17.

Goldstein A (1976) B EIEAM ORFFIERE - FEDFR « RFHFFR) . FILAL.
HRL. 140-150.
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MSATBUE NKEREGIITE o 2 —Bgs At 2 —. Bk, 29-30.

THEZ (2002) TR FEERIEOIRERFIZ BT 5 FERAOMTIE. B AEmMHE. 4. 11-66.
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FBIE HEIFATLDTF7UEZTRE-NMOE—FHYRRIZEITS
X MELRDT=81Z-
Ammonia tolerance of Japanese anchovy Engraulis japonicus:

Implications for cost reduction in a skipjack pole-and-line fishery

3.1 Introduction

In Japan’s pelagic and inshore skipjack pole-and-line fishery (SPLF), the Japanese anchovy
Engraulis japonicus is transported live to fishing grounds by fishing boats equipped with
holding tanks for use as a live bait (Yamashita et al. 2011). For pelagic SPLF boats operating
in tropical seas, transportation of live Japanese anchovies by fishing boats can take up to 50
days, while for vessels working inshore this transportation can take as little as 4 days.

In the pelagic SPLF, to maintain healthy Japanese anchovies aboard vessels, fishers
empirically reduce the high temperature (~30°C) of ambient seawater to 15°C using a cooling
system and exchange water in tanks by a flow-to-waste system at a rate > 160% volume h™
(Kimura et al. 2012). This cooling of water is costly; with depressed fish and soaring fuel
prices, reducing costs is increasingly important to ensure the continued viability of the pelagic
SPLF.

For inshore boats the water in tanks containing Japanese anchovies is not cooled, and water
quality is maintained by a flow-to-waste system at 500% of its volume h™! (Kurosaka et al.
2012). However, during summer when seawater temperatures can exceed 29°C, mass death of
Japanese anchovies often occurs in holding tanks.

In the SPLF, therefore, for efficient and cost-effective transportation of Japanese anchovies
to fishing grounds, knowledge of their upper temperature limits and lower water exchange
rates is essential to ensure their viability in transit.

The upper thermal tolerance of Japanese anchovies was reported by Oda et al. (2018) after

exposing fish to 15, 20, 25, 30, and 35°C for 120 h. Anchovy survival was high (> 98%) at
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temperatures ranging 15-25°C, but all fish died at temperatures > 30°C. Accordingly, holding
tank water temperature during transfer of Japanese anchovies to pelagic and tropical fishing
grounds could be increased from the current 15°C to 25°C, but it would be necessary to
control temperatures below lethal limits during summer for the inshore fishery.

Fish generally excrete ammonia as a principal waste product, and they are very sensitive to
ammonia toxicity (Handy and Poxton 1993; Wang and Walsh 2000; Ip et al. 2001). Therefore,
high ammonia concentrations might negatively affect survival of Japanese anchovies during
transportation, if fish are being fed, and in instances where water exchange was limited. An
understanding of ammonia tolerance limits of Japanese anchovies would enable appropriate
water exchange rates when transporting them aboard SPLF boats to be determined. Despite
this, no study of which we are aware has reported the ammonia tolerance of Japanese
anchovy.

To improve transportation methods of Japanese anchovies and SPLF cost efficiency, we
conducted experiments that 1) evaluated the ammonia tolerance ability of Japanese anchovy;
and 2) examined the effects of stocking density and water exchange rate, and 3) water

exchange frequency on survival of Japanese anchovies.

3.2 Materials and Methods

Experimental fish

Japanese anchovies were captured with purse seine fishing or fixed shore net fishing along
the west coast of Nagasaki Prefecture, Japan, for use in the SPLF in November 2009 (for
experiment 1) and in February 2010 (for experiments 2 and 3). Fish were then transported live
by truck to the Shibushi Field Station laboratory, FRA, Kagoshima Prefecture, Japan, and
stocked in an 80-kl concrete tank (70 kl seawater volume) with flow-through water (exchange
rate 12.5% volume h™!, temperature 14-22°C, salinity 32 PSU), and cultured with formulated

feed pellet (Iwashitairyou; Marubeni Nisshin Feed Co., Ltd., Tokyo, Japan) daily at a ratio of
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0.6% of fish body weight (employed in the SPLF). Feeding ceased the day before and during

each experiment.

Experiment 1: evaluating anchovy ammonia tolerance

To determine the ammonia tolerance of Japanese anchovies under the current temperature
regime of the pelagic SPLF (15°C) and upper safe temperature (25°C) for culturing Japanese
anchovies (Oda et al. 2018), we exposed test fish to seawater with total ammonia nitrogen
(TAN) at concentrations of 40, 80, 120 and 160 mg ™! at 15°C, and 10, 20, 40 and 80 mg 1"
at 25°C. We prepared the sump tanks of 2 kl volume with seawater containing concentrations
of TAN, adjusted using ammonium chloride (NH4Cl; Nacalai Tesque Inc., Kyoto, Japan). A
control sump tank in which no ammonium chloride was added was also prepared. We used
two 200-1 black polyethylene tanks (actual water volume, 175 1) for each treatment. Seawater
was supplied to experimental tanks from sump tanks using small pumps at an exchange rate
of 20.8% volume h™!. Tanks were aerated using airstones.

Ammonia tolerance experiments were conducted on December 14, 2009 at 25°C and from
February 3, 2010 at 15°C, for 48 h. Tests were run under conditions of constant light (700—
1900 Ix) used in the pelagic SPLF. Average anchovy body size was 95.4 + 4.9 mm total length
(TL) and 5.2 = 1.0 g body weight (BW) (mean + standard deviation, N = 30) for experiments
at 25°C, and 104.6 £ 8.1 mm TL and 7.3 + 1.6 g BW for experiments at 15°C (a body size
comparable to that of bait fish used in the SPLF). Water temperature was controlled by heater.
The stoking density of fish in each test tank was ~13 kg fish k1! used in the pelagic SPLF
(~400 individuals at 25°C and ~320 individuals at 15°C). To acclimate for 3 days prior to
commencing experiments, we stocked fish into test tanks and roughly counted their number in
a short time (to minimize stress on test animals). Japanese anchovies were observed every 3 h
during experiments; dead fish were counted and removed. On completion of experiments, the
final numbers of surviving fish were counted; the initial numbers of stocked fish in test tanks

was determined as 384-417 at 25°C, and 297-342 at 15°C.
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To determine TAN concentrations, 50 ml samples of seawater were collected from each
tank every 3 h and stored at —80°C. Temperature was measured using a stem thermometer,
dissolved oxygen (DO) and pH was determined using DO (HQ-30d; Hach Company,
Loveland, CO) and pH (PB-11; Sartorius Japan, Tokyo, Japan) meters, respectively. On
completion of the experiment, frozen seawater samples were thawed, centrifuged at 5000 rpm
for 10 min, and filtered with a syringe filter (Minisart-plus; Sartorius Japan) with 0.2 um pore
size attached to a 5-ml syringe to remove extraneous material. TAN concentrations were
measured using a salicylate method (Reardon et al. 1966) by spectrophotometer (DR2010;
Hach Company). TAN is present in seawater as unionized ammonia (NH3) and ionized
ammonium (NH4"); environmental pH, temperature, and salinity affect the equilibrium of
NH3 and NH4", and ammonia toxicity is particularly related to NH3 concentration (Handy and
Poxton 1993; Wang and Walsh 2000; Ip et al. 2001). The concentration of highly toxic
un-ionized ammonia nitrogen (UIAN) was calculated from the TAN concentration, pH and
temperature at 32 PSU salinity according to Kido et al. (1991) based on reports of Whitfield
(1974) and Bower and Bidwell (1978) by: X (%) = 100/(1 + antilog (9.35 + 0.0324(298 — T) —
pH)), where X is the percentage of UIAN to TAN, and 7T the temperature (°K). Oxygen
saturation (%) in test water was also calculated based on the saturated DO concentrations
(100%) in seawater (32 PSU) at designated temperatures following Truesdale et al. (1955) as:
K (mg 1) =14.161 —0.3943T + 0.00077147> — 0.0000646T° — 32(0.0841 — 0.00256T +
0.00003747%), where K is the saturated DO concentration, and T the temperature (°C).

Ammonia tolerance of Japanese anchovy was evaluated by median lethal concentration
(MLC) as the UTAN concentration at which 50% of test fish died after 24 h or 48 h from the
onset of experimentation. MLC values were estimated by applying a generalized linear model
(GLM) with a binomial distribution using the g/m function (quasibinomial family, logit link)
in R statistical software version 4.0.2 (R Core Team 2020). In the GLM, the number of live or
dead fish after 24 or 48 h was the two-vector response variable; the mean value of the UIAN

concentration until 24 or 48 h was the explanatory variable. MLC values with 95%
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confidence intervals were estimated based on GLM results using the invest function

implemented in the investr package (Greenwell and Schubert Kabban 2014) in R.

Experiment 2: effects of stocking density and water exchange rate on anchovy survival

Our three treatments were: 1) high stocking density (~49 kg fish kI™!) with water exchange
at 500% volume h™! (control), 2) high stocking density (~49 kg fish kI™") without water
exchange, and 3) low stocking density (~24.5 kg fish kI"!) without water exchange. Treatment
1 represented standard inshore SPLF conditions.

We used two 200-1 black polyethylene tanks (actual water volume 100 1) in each treatment.
Fish of 112.7 + 6.5 mm TL and 7.8 = 2.0 g BW were stocked 2 days before initiating an
experiment for acclimation to tank environments. Pure oxygen was provided to tank water by
airstone, as is sometimes performed on inshore SPLF boats during summer. The experiment
commenced on April 29, 2010 for 96 h at 25°C under constant illumination. Dead fish were
counted and removed every 6 h; the initial number of fish stocked in low-density tanks was
333-335 individuals, and in high-density tanks, 649—655 individuals. TAN concentration was

measured, and UIAN concentration was estimated every 6 h as in experiment 1.

Experiment 3: effect of water exchange method on anchovy survival

Of two treatments, the first, the control, had tank water continuously exchanged at a rate of
500% volume h™! (as operated on inshore SPLF boats). Treatment 2 had one third of the tank
water exchanged with the same volume of fresh seawater every 12 h. Fish of 112.9 + 4.0 mm
TL and 8.3 + 1.6 g BW were stocked in tanks at ~49 kg fish kI"!; the experiment was
conducted from May 8, 2010. The initial number of stocked fish in replicate tanks in the two

treatments ranged 511-535; methodology is otherwise as in experiment 2.

29



3.3 Results

Experiment 1: evaluating anchovy ammonia tolerance

Water tank environmental parameters are presented in supplementary Tables 3-S1 and 3-S2.
TAN concentrations were higher than designated concentrations in some tanks, but
differentiation of TAN concentrations could be maintained between treatments.

At 15°C most Japanese anchovies survived in the control and 40 mg 1! treatments, with
mean survival rates after 48 h 99.8% and 99.4%, respectively (Fig. 3-1A). In the 80, 120 and
160 ppm treatments, fish mortality increased sharply as TAN concentration increased, with
mean survival rates after 48 h being 82.6% in the 80 mg 1! treatment, 12.9% in the 120 mg
1! treatment, and 0% after 33 or 36 h in the 160 mg 1! treatment. DO and oxygen saturation
tended to decrease with increased TAN concentration, particularly early in experimentation
(Table 3-S1). Oxygen saturation varied from ~38—76%. The 24 h and 48 h MLC values (+
95% confidence intervals) of UIAN were estimated as 0.770 (0.751-0.790) mg 1! and 0.706
(0.661-0.750) mg 1!, respectively, based on GLM analysis (Fig. 3-2A; Table 3-1).

At 25°C high fish mortality occurred in one control tank when aeration was (accidentally)
not provided; results for this tank have been excluded from analysis. The survival rate of
control and 10 mg 1! treatment fish reached about 94% (Fig. 3-1B). In the 20 mg 1! and 40
mg 1! treatments fish mortality varied between replicate tanks, the number of dead fish
increased with time, and the mean survival rate after 48 h was 74.8% and 26.8%, respectively.
In the 80 mg I"! treatment, the decrease in survival rate was pronounced, with 100% mortality
after 12 or 30 h. DO and oxygen saturation tended to fluctuate as it did at 15°C (Table 3-S2).
Oxygen saturation varied from ~51%—112%. The UIAN 24 h and 48 h MLC values (+ 95%
confidence intervals) were estimated as 0.634 (0.466—0.802) mg 1! and 0.450 (0.379-0.521)

mg 17!, respectively, based on GLM analysis (Fig. 3-2B; Table 3-1).
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Experiment 2: effects of stocking density and water exchange rate on anchovy survival

No significant decrease in survival rates of Japanese anchovies was observed in the control
treatment at high stocking density with a water exchange; mean survival rate after 96 h was
87.5% (Fig. 3-3A). Mean survival rate in the high- and low-density treatments without a
water exchange decreased sharply after 30 h and 54 h, with 100% mortality by 54 h and 96 h,
respectively.

The UIAN concentration in the control treatment remained at about 0.01 mg 1! but
increased in high- and low-density treatments, exceeding 0.4 mg 1! after 36 h and 48 h in the
high- and low-density treatments, respectively (Fig. 3-3B; Table 3-S3), at which point
survival rate declined sharply (Fig. 3-3A); a substantial increase in the UIAN concentration
was observed in the high-density treatment (Fig. 3-3B). DO was supersaturated during

experimentation (Table 3-S3).

Experiment 3: effect of water exchange method on anchovy survival

Survival of Japanese anchovies with an intermittent (test) and continuous (control) water
exchange gradually differed from 12 h; the mean survival rate after 96 h was 71.5% in the
control treatment and 50.8% in the test treatment, with survival rate variable in the test
treatment (tank 1 43.8%, tank 2 57.7%) (Fig. 3-4A). The UIAN concentration in the control
group was less than 0.01 mg 1"! during experimentation, but in the test group reached ~0.3 mg
1! by 36 h, then fluctuated between ~0.21 and 0.35 mg 1! (Fig. 3-4B; Table 3-S4). DO was

supersaturated during experimentation (Table 3-S4).

3.4 Discussion

In experiment 1, we determined the acute toxicity of UIAN to Japanese anchovies of 5-7 g
BW, and estimated 24 h and 48 h MLC values (+ 95% confidence intervals) at 15°C to be

0.770 (0.751-0.790) mg 1" and 0.706 (0.661-0.750) mg 1!, and at 25°C, 0.634 (0.466-0.802)
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mg 1! and 0.450 (0.379-0.521) mg 1!, respectively. Ammonia toxicity has been reported for
several marine fish species, e.g., 96 h MLC values of UIAN between 1.7 and 2.6 mg 1! for
seabass Dicentrarchus labrax, seabream Sparus aurata and turbot Scophthalmus maximus
juveniles of 6-163 g BW under optimal environmental conditions (17-18°C, 34 PSU, and >
75% oxygen saturation) (Person-Le Ruyet et al. 1995). Person-Le Ruyet et al. (1995) also
calculated 6 h, 12 h, 24 h, and 48 h MLC values of UIAN for these fish juveniles and
documented that the MLC values did not change significantly from 24 to 96-h exposure and
were not related to fish size. Thus, ammonia tolerance ability appeared to be lower in
Japanese anchovies than in juveniles of seabass, seabream and turbot.

In experiment 1, DO and oxygen saturation tended to decrease with increasing ammonia
concentration, possibly because of increased oxygen consumption by fish affected by elevated
ammonia concentration (Lemarié¢ et al. 2004). Because the toxicity of ammonia to fish
increases with decreasing oxygen (Wajsbrot et al. 1991), it should be noted that our MLC
estimates are based on the survival of Japanese anchovies that may have been synergistically
affected by increased ammonia concentration and decreased oxygen (minimum saturation
38% at 15°C and 51% at 25°C). Further study is required to determine the ammonia toxicity
level for Japanese anchovies under non-oxygen limited conditions with pure oxygen supply as
employed in experiments 2 and 3.

In the pelagic SPLF, to maintain healthy Japanese anchovies, fishers empirically reduce
holding tank water to 15°C and have a high water-exchange rate (> 160% volume h™')
(Kimura et al. 2012). The UIAN concentration of water containing Japanese anchovies aboard
pelagic SPLF boats was < 0.011 mg 1! (Kimura et al. unpublished data), which is much lower
than our estimated 24 h and 48 h MLC values for UIAN for Japanese anchovies at 15°C. The
mean UIAN concentration of 0.34-0.36 mg 1 ! at 15°C in the TAN 40 mg 1! treatment with
oxygen saturation of ~70% (Table 3-S1) had a survival rate exceeding 99% over 48 h (Fig.
3-1). Consequently, aboard pelagic vessels, the water in tanks holding Japanese anchovies

might be being replaced more often than is necessary given anchovy ammonia tolerance.
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In experiment 2, mortality of Japanese anchovies was density dependent at 25°C when held
without a water exchange. Mortality was highly associated with increased UIAN
concentration in tank water because severe fish mortality occurred at UIAN concentrations
exceeding 0.4 mg 1! (Fig. 3-3), equivalent to 48 h MLC of Japanese anchovies at 25°C. Thus,
UIAN concentration manifested lethal effects on Japanese anchovies at similar levels in
different oxygen saturation conditions in experiments 1 (limited) and 2 (saturated). In
experiments 2 and 3 at 25°C, the UIAN concentration in control treatments (standard
protocols aboard inshore vessels: water exchange rate 500% volume h™!) was very low (<
0.01 mg 1) and survival rate of test fish was relatively high (88% in experiment 2, and 72%
in experiment 3) at 96 h (Figs. 3-3 and 3-4). In experiment 3, in the test group, the UIAN
concentration did not reach MLC, and was maintained at around 0.3 mg 1! by means of
intermittent renewal of holding tank water (Fig. 3-4). This water exchange frequency
maintained the mean survival rate of test fish at 51%, which is 71% the survival rate (72%) of
the control treatment. The upper UIAN concentration to keep Japanese anchovies healthy may
be ~0.1 mg 17!, as recorded during the experiment until 12 h before the anchovy survival rate
tended to separate in control and test treatments (Fig. 3-4; Table 3-S4).

We reveal that exchanging water of or below 25°C to reduce the UIAN below chronic
toxicity levels is necessary for efficient and cost-effective transfer of Japanese anchovies from
port to fishing grounds in the SPLF. For pelagic SPLF, the fuels costs would be reduced by
decreasing water exchange rates to control the UIAN concentration below the upper safe level
(~0.1 mg 1"") under the upper safe temperature condition (25°C) in transit. For inshore SPLF
which require relatively short voyages to transport Japanese anchovies to fishing grounds, to
reduce costs of cooling system installation, seawater ice could be used to cool anchovy water
to or below 25°C before departing port; then, a second stock tank could be prepared with
seawater ice to maintain temperature and UIAN concentration below the upper safe level
(~0.1 mg 17") by means of intermittent renewal of holding tank water in transit.

Further study is required to determine appropriate and practical water exchange rates and
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methodologies for commercial application, in addition to a trial aboard a commercial vessel to
verify if costs can be reduced by the methodology that we advocate herein for the pelagic and

inshore SPLF.
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Table 3-1. Coefficient estimates with standard errors (SE) in the generalized linear

model with a binomial distribution for evaluating relationships between un-ionized

ammonia nitrogen concentration (Doses) and survival of Japanese anchovies,

experiment 1.

Experimental

temperature (°C) Time Coefficient Estimate SE tvalue p value

15 24 h Intercept 9.07 0.73 1235 <0.0001

Doses -11.78 0.97 -12.16 <0.0001

48 h Intercept 7.18 0.78 9.2 <0.0001

Doses -10.17 114 -895 <0.0001

25 24 h Intercept 3.27 0.57 5.72 0.000717

Doses -5.15 1.27 -4.06 0.004803

48 h Intercept 3.73 0.64 5.83 0.000641

Doses -8.29 155 -5.34 0.001079
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Fig. 3-1. Survival rate of Japanese anchovies exposed to seawater with different total
ammonia nitrogen concentrations at 15°C (A) and 25°C (B), experiment 1 (with two replicate
tanks per treatment). Ammonia concentration controlled at 10-160 mg 17! by adding NH4Cl

to water (the control tank received no NH4Cl).
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Fig. 3-2. Survival response of Japanese anchovies to different concentrations of un-ionized
ammonia nitrogen (UIAN) after 24 h or 48 h at 15°C (A) and 25°C (B), experiment 1. Curves
illustrated using coefficient estimates from the generalized linear model to evaluate
relationships between UIAN and anchovy survival (Table 1). Arrows indicate the median

lethal concentration at which 50% of test anchovies died.
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Fig. 3-3. Survival rate of Japanese anchovies (A) and un-ionized ammonia nitrogen (UIAN)
concentration (B), experiment 2 at 25°C for three treatments: 1) high stocking density with
water exchange (control), 2) high stocking density without water exchange, and 3) low
stocking density without water exchange. Two tanks were used for each treatment. Ammonia

concentration was not examined after 72 h.
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concentration (B), experiment 3 at 25°C for two treatments: 1) tank water continuously
exchanged (control), and 2) one third of the tank water drained and replenished with the same

volume of fresh seawater every 12 h (test). Two tanks were used for each group.
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Supplementary material

Table 3-S1. Water parameters: exposure test, 15°C, experiment 1 (two tanks per

treatment). Ammonia concentration was controlled at designated values (40-160 mg

171) by adding NH.ClI to tank water. The control tank received no NH.CI.

Control 40mgl? 80mg I? 120 mg I'? 160 mg I'?
Water temperature (°C)

Time 1 2 1 2 1 2 1 2 1 2
0 145 140 141 141 142 144 144 144 145 145
3 155 150 155 156 156 150 148 155 155 155
6 154 150 154 155 154 149 150 156 155 154
9 158 154 159 159 16.0 152 154 157 16.0 159
12 158 154 158 159 159 151 154 156 158 16.0
15 157 153 159 159 159 154 155 157 16.0 16.0
18 157 154 158 160 16.0 154 155 157 159 16.0
21 154 151 155 155 156 149 150 143 147 147
24 154 151 155 156 156 149 150 154 145 145
27 155 151 155 155 156 148 150 154 155 153
30 154 151 154 155 157 149 150 153 155 155
33 158 153 158 158 159 153 153 157 159 16.0
36 156 154 158 159 160 153 154 157 16.0
39 158 154 158 159 160 152 154 157
42 157 150 154 155 156 149 150 152
45 155 152 155 156 148 150 150 148
48 155 151 155 155 157 150 150 152

Mean 155 151 155 156 156 150 151 153 154 155
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SD 0.3 0.3 0.4 0.4 0.5 0.3 0.3 0.5 0.6 0.6

Dissolved oxygen (mg 1Y)

Time 1 2 1 2 1 2 1 2 1 2

0 570 567 577 572 574 563 565 522 448 444

3 572 538 543 526 505 480 488 442 300 3.08

6 572 568 538 522 495 484 494 449 303 3.01

9 582 567 535 531 515 498 500 454 333 329

12 590 568 547 546 538 503 506 461 330 3.28

15 581 568 563 543 514 500 503 491 364 339

18 585 561 558 549 531 509 511 473 408 3.64

21 585 565 563 556 551 524 527 482 482 410

24 583 577 573 557 558 517 530 494 507 454

27 577 561 564 549 524 511 524 502 538 4.9

30 584 571 569 556 537 514 538 516 580 529

33 579 568 565 551 529 503 536 534 582 594

36 572 562 561 549 531 520 557 552 5.99

39 577 567 563 553 537 515 557 559

42 597 570 567 558 533 520 573 571

45 576 567 562 555 536 510 584 590

48 557 549 554 548 532 517 589 5093

Mean 579 564 559 548 532 511 534 511 431 423

sb 009 009 012 012 019 018 032 049 106 1.06

Oxygen saturation (%)

Time 1 2 1 2 1 2 1 2 1 2

0 70.25 69.18 70.54 69.93 70.32 69.25 69.50 64.21 55.22 54.72

3 71.92 66.98 68.28 66.27 63.62 59.76 60.51 55.58 37.72 38.73
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6 71.78 70.71 67.51 65.63 62.12 60.14 6150 56.57 38.10 37.77
9 73.61 7115 6780 67.29 65.39 6225 62.74 57.31 4228 41.69
12 7462 7128 69.18 69.19 68.18 62.75 63.50 58.08 41.74 41.65
15 7334 7114 7135 68.81 6514 62.74 63.25 6198 46.22 43.04
18 7385 7040 7058 69.71 67.42 63.87 6425 59.71 51.71 46.22
21 7341 7048 70.79 69.91 69.42 6511 6561 59.17 59.65 50.74
24 7316 7198 72.05 70.17 70.30 6424 6598 61.99 6249 55.96
27 7255 69.98 7092 69.03 66.02 63.36 6524 63.00 67.65 61.99
30 7329 7123 7140 6991 67.79 63.86 66.98 64.62 72.93 66.51
33 7323 7114 7146 69.69 67.04 63.00 67.13 6741 73.76 75.42
36 72.06 70.52 70.96 69.57 67.42 65.13 69.90 69.68 76.06
39 7298 7115 7121 70.08 68.19 64.37 69.90 70.56

42 7536 7096 7115 70.16 67.15 64.61 7134 71.37

45 7242 70.87 70.66 69.92 66.46 63.49 72.71 73.16

48 70.04 68.48 69.66 68.90 67.16 64.36 73.33 74.12

Mean 72.82 7045 7032 69.07 67.01 63.66 66.67 64.03 54.12 53.12
SO 136 122 135 138 215 209 390 6.05 1318 13.39

pH

Time 1 2 1 2 1 2 1 2 1 2
0 768 773 758 754 757 756 752 747 738 7.39
3 764 771 753 749 745 738 730 727 717 7.17
6 762 768 749 744 739 734 731 726 723 722
9 762 768 750 745 740 736 732 727 7128 1.27
12 763 768 751 748 742 738 734 728 729 71.27
15 765 769 754 749 743 740 736 730 733 732
18 765 769 755 750 744 742 738 733 740 735
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21 770 775 758 754 746 743 743 737 754 744
24 767 773 758 746 740 745 752 766 751 7.39
27 766 771 758 754 746 743 749 743 775 758
30 766 770 758 753 747 742 751 745 788 7.66
33 767 771 758 753 748 743 760 753 803 7.85
36 766 770 755 754 749 744 765 7.59 7.98
39 766 771 756 750 750 746 7.68 7.63
42 767 771 756 753 751 747 774 7.68
45 768 772 758 755 753 749 782 7.74
48 765 773 763 758 756 754 789 7.82
Mean 766 771 756 751 747 744 752 748 748 745
SD 0.02 002 004 004 005 006 018 018 0.27 0.25
Total ammonia nitrogen concentration (mg I?)

Time 1 2 1 2 1 2 1 2 1 2
0 1.0 11 60 70 80 100 150 160 200 200
3 0.8 0.8 20 60 100 70 140 140 170 210
6 1.2 1.2 60 70 100 90 160 160 210 210
9 1.1 24 60 90 100 90 150 190 220 210

12 1.2 11 50 50 80 80 120 120 160 170
15 1.0 1.0 30 30 60 70 110 90 160 150
18 1.0 1.0 40 40 80 100 140 130 180 180
21 11 1.0 40 50 100 90 130 130 180 180
24 1.0 0.9 30 50 80 70 110 120 130 180
27 0.9 0.8 30 40 80 80 130 120 150 200
30 11 0.9 40 40 90 90 120 140 150 180
33 0.8 1.0 50 30 100 90 110 160 150 120
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36 1.0 11 50 50 100 110 150 140 180
39 11 11 50 60 100 110 140 140
42 1.2 13 40 50 50 110 150 130
45 11 0.8 50 50 100 100 170 90
48 0.8 0.8 30 20 60 70 70
Mean 1.0 11 43 50 86 89 132 135 172 182
SD 0.1 0.4 12 17 17 14 24 26 27 26
Un-ionized ammonia concentration (mg I™2)
Time 1 2 1 2 1 2 1 2 1 2
0 0.010 0.012 0453 0.483 0.595 0.738 1.011 0.961 0.985 1.008
3 0.008 0.009 0.150 0.413 0.627 0.358 0.587 0.577 0.557 0.688
6 0.011 0.012 0.406 0.426 0.539 0.417 0.697 0.650 0.790 0.770
9 0.010 0.025 0.432 0.577 0.576 0.446 0.689 0.795 0.963 0.892
12 0.012 0.011 0.365 0.344 0.479 0.412 0.577 0510 0.706 0.728
15 0.010 0.011 0.236 0.211 0.368 0.386 0.558 0.403 0.786 0.720
18 0.010 0.011 0.320 0.290 0.505 0.577 0.743 0.624 1.030 0.925
21 0.012 0.012 0.335 0.383 0.642 0512 0.745 0.617 1.298 1.033
24 0.010 0.010 0.251 0.321 0.448 0.417 0.775 1199 0.862 0.907
27 0.009 0.009 0.251 0.306 0.514 0.452 0.855 0.709 1.852 1.652
30 0.011 0.010 0.333 0.299 0.596 0.501 0.826 0.859 2.488 1.811
33 0.008 0.011 0.429 0.229 0.687 0528 0.951 1.214 3.594 1.929
36 0.010 0.012 0.400 0.394 0.708 0.660 1.464 1.219 3.882
39 0.011 0.012 0.409 0.432 0.725 0.686 1.463 1.335
42  0.013 0.014 0.318 0.374 0.360 0.686 1.745 1.339
45 0.012 0.009 0.419 0.394 0.710 0.658 2.372 1.032
48 0.008 0.009 0.282 0.168 0.488 0.516 1.145
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Mean 0.010 0.012 0.341 0.355 0.563 0.526 1.012 0.878 1.326 1.303

SD 0.001 0.004 0.085 0.102 0.114 0.120 0.491 0.312 0.898 0.884
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Table 3-S2. Water parameters: exposure test, 25°C, experiment 1 (two tanks per

treatment). Ammonia concentration was controlled at designated values (10-80 mg 17%)

by adding NH4CI to the tank water. The control tank received no with NH4CI.

Control 10 mg I? 20mg I? 40 mg It 80mg I?
Water temperature (°C)

Time 2 1 2 1 2 1 2 1 2

0 23.9 24.9 24.9 23.6 240 240 235 235 254

3 25.7 25.9 26.1 26.2 255 255 25.9 26.1 26.2

6 25.7 25.7 26.2 26.3 25.7 257 25.9 26.2 26.4

9 25.7 26.0 26.1 26.4 25.7 257 25.9 26.2 26.4

12 25.8 26.3 26.2 26.2 255 258 26.1 26.4 26.0

15 25.9 26.1 26.3 26.3 25.7 257 26.1 26.2

18 25.8 26.1 26.2 26.4 257 258 26.1 26.2

21 25.7 26.1 26.2 26.4 258 259 26.2 26.4

24 25.8 26.2 26.4 26.4 258 258 26.2 26.5

27 26.0 26.3 26.5 26.6 260 259 26.2 26.5

30 26.2 26.6 26.6 26.6 26.0 26.0 26.2 26.7
33 26.1 26.6 26.7 26.7 26.2 26.2 26.4
36 26.4 26.6 26.7 26.7 260 26.2 26.4
39 26.5 26.7 26.9 26.9 264 264 26.8
42 26.6 27.0 27.0 26.9 263 265 26.3
45 26.5 26.8 26.9 27.0 265 26.5 26.9
48 26.8 27.2 27.2 27.3 26.8 26.8 27.1

Mean 25.9 26.3 26.4 26.4 259 259 26.1 25.7 26.3

SD 0.6 0.5 0.5 0.8 0.6 0.6 0.8 1.2 0.3

Dissolved oxygen (mg 1)
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Time 2 1 2 1 2 1 2 1 2

0 7.34 7.19 6.96 6.95 6.88 6.71 6.84 6.76 6.97

3 5.28 5.61 5.50 5.44 518 3.77 351 4.27 4.06

6 4.77 4.74 4.82 4.14 468 3.42 3.49 4.99 4.00

9 5.27 5.42 5.43 4.97 528 3.45 3.95 6.07 4.53

12 5.03 5.30 5.33 4.92 470 3.50 3.94 7.37 4.93

15 4.88 5.36 5.65 5.55 543 5.79 4.43 5.41

18 4.78 5.30 5.58 5.49 547 6.01 4.48 5.55

21 4.97 5.50 5.65 5.72 537 479 4.98 6.43

24 5.07 5.61 5.66 5.61 534 498 491 7.00

27 5.47 5.67 5.75 5.79 571 4.96 5.17 7.47

30 5.16 4.08 5.23 5.29 547 4.60 4.86 7.57
33 5.63 5.83 5.94 5.60 574 497 5.43
36 5.47 5.57 5.81 5.73 551 5.07 6.09
39 5.45 5.64 5.66 5.75 559 4.89 5.54
42 5.75 5.76 5.76 5.84 5.62 5.23 6.48
45 5.59 5.78 5.70 5.87 575 5.25 6.17
48 5.65 5.68 5.67 5.69 556 5.48 6.66

Mean 5.39 5.53 5.65 5.55 549 487 511 5.89 5.81

SD 0.59 0.61 0.43 0.57 0.47 0.92 1.08 1.27 1.34

Oxygen saturation (%)

Time 2 1 2 1 2 1 2 1 2

0 107.24 106.76 103.34 101.04 100.68 98.19 99.28 98.12 104.32

3 79.40 8463 8324 8246 77.65 56.52 5295 64.62 61.54

6 7173 7128 73.06 62.85 70.38 5143 52.65 7564 60.82

9 79.25 8190 8218 7557 79.40 51.88 59.59 92.01 68.88
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12 75.76 80.46 80.79 7458 7046 52.72 59.63 112.06 74.49
15 73.62 8112 8578 84.26 81.66 87.07 67.04 82.00
18 72.00 8021 8458 8348 8226 90.52 67.80 84.13
21 7474 8324 8564 86.98 80.88 72.26 75.49 97.77
24 7637 85.03 86.06 8530 8043 7501 7442
27 8265 86.08 8757 8832 86.28 7483 78.37
30 7821 6223 79.77 80.69 8265 69.51 73.67
33 8520 8893 90.75 8555 87.01 7533 8257
36 83.17 8496 88.76 8754 8326 76.85 92.60
39 83.00 86.16 86.74 88.12 85.00 74.35 84.77
42 87.71 8841 8841 8950 8532 79.65 98.38
45 85.13 88.44 8735 90.10 87.57 79.95 94.56
48 86.45 8746 8730 87.75 85.07 83.85 102.38
Mean 81.27 8396 8596 84.36 8270 7353 77.42 8849 79.24
SD 8.41 8.95 6.13 8.11 6.82 13.65 16.24 18.68 15.97
pH
Time 2 1 2 1 2 1 2 1 2
0 7.84 7.72 7.67 7.73 7.74  1.75 7.77 7.81 7.72
3 7.28 7.31 7.32 7.24 723 1.24 7.18 7.21 7.18
6 7.18 7.21 7.25 7.15 7.18 7.19 7.31 7.29 7.20
9 7.33 7.35 7.38 7.29 739 7.30 7.29 7.61 7.26
12 7.28 7.31 7.35 7.32 730 7.29 7.28 7.75 7.30
15 7.20 7.26 7.32 7.31 7.30 7.38 7.35 7.30
18 7.32 7.35 7.39 7.36 731 7.39 7.39 7.37
21 7.46 7.47 7.52 7.48 739 747 7.52 7.62
24 7.32 7.36 7.41 7.33 727 1.34 741 7.62
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27 7.37 7.38 7.44 7.39 742 7.38 7.48 7.86

30 7.35 7.35 7.45 7.40 743 7.35 7.48 7.96
33 7.50 7.43 7.45 7.40 742 7.38 7.49
36 7.46 7.42 7.43 7.41 743 7.39 7.50
39 7.53 7.49 7.48 7.48 749 7.46 7.58
42 7.46 7.49 7.51 7.52 750 751 7.67
45 8.10 741 7.42 7.45 745 743 7.72
48 8.10 7.42 7.43 7.44 744 745 7.79

Mean 7.48 7.40 7.42 7.39 739 7.39 7.48 7.53 7.49

SD 0.28 0.11 0.09 0.13 0.13 0.12 0.18 0.27 0.28

Total ammonia nitrogen concentration (mg I?)

Time 2 1 2 1 2 1 2 1 2

0 1.0 11 11 22 20 38 37 100 90

3 14 12 12 22 21 43 44 110 90

6 2.3 15 13 24 23 46 40 130 100

9 2.8 13 12 25 24 39 44 100 100

12 3.0 10 13 24 23 38 39 110 80

15 3.6 12 12 24 23 39 48 110

18 3.3 13 11 23 22 40 47 120

21 3.6 9 10 20 22 42 39 80

24 3.5 12 13 20 25 43 41 120

27 3.8 13 13 24 25 40 39 90

30 3.6 12 14 24 24 44 42 130
33 3.8 14 14 24 24 44 41
36 3.5 14 12 22 24 44 40
39 3.5 13 16 27 25 45 44
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42 3.2 13 14 24 24 49 44
45 33 14 13 25 22 43 40
48 6.0 16 16 31 26 50 46

Mean 3.2 13 13 24 23 43 42 110 101

SD 11 2 2 3 2 4 3 12 17

Un-ionized ammonia concentration (mg I2)

Time 2 1 2 1 2 1 2 1 2

0 0028 0253 0.226 0470 0450 0.875 0.860 2541 2.146

3 0013 0117 0122 0.187 0.166 0.348 0.319 0.868 0.668

6 0016 0.115 0.113 0.168 0.164 0.337 0.391 1.240 0.788

9 0.028 0140 0.140 0.242 0.277 0.367 0.411 1973 0.904

12 0.027 0.101 0.142 0.245 0.213 0.352 0.361 3.017 0.769

15 0.027 0.106 0.124 0.241 0.216 0.440 0.521 1.074

18 0.033 0.141 0.132 0.261 0.212 0.465 0.559 1.374

21 0.049 0.128 0.161 0.298 0.256 0.590 0.628 1.638

24 0.035 0.134 0.165 0.212 0.221 0.446 0514 2.475

27 0.043 0.153 0.178 0.296 0.316 0.458 0.573 3.178

30 0039 0135 0198 0303 0.310 0474 0.617 5.808
33 0058 0.189 0199 0305 0.308 0515 0.626
36 0050 0.185 0.163 0.286 0.310 0.527 0.624
39 0059 0.203 0.248 0418 0.381 0.642 0.848
42 0.046 0207 0.234 0.407 0.372 0.788 1.001
45 0197 0.183 0.176 0.364 0.309 0577 1.064
48 0366 0.221 0.226 0451 0365 0.718 1.451

Mean  0.066 0.160 0.173 0.303 0.285 0.525 0.669 1.928 1.893

SD 0.088 0.045 0.043 0.090 0.080 0.157 0.294 0.889 1.528
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Table 3-S3. Water parameters: experiment 2, 25°C. Three treatments were prepared: 1) high stocking density with a

water exchange (Control), 2) high stocking density without a water exchange (High density), and 3) low stocking

density without a water exchange (Low density). Two tanks were used for each treatment. The ammonia concentration

was not examined after 72 hours.

Control High density Low density Control High density ~ Low density
Water temperature (°C) pH

Time 1 2 1 2 1 2 Time 1 2 1 2 1 2
0 24.2 24.5 24.7 24.6 24.6 25.0 0 8.08 8.07 8.05 8.06 8.09 8.08
6 25.2 25.3 25.0 25.6 255 25.2 6 796 795 685 684 6.86 6.83
12 25.5 25.7 25.2 25.7 255 25.0 12 798 8.01 6.78 6.78 7.00 6.89
18 25.5 25.8 25.0 255 25.7 25.0 18 799 799 691 682 697 6.90
24 25.5 25.8 25.3 25.8 25.9 25.3 24 799 798 704 711 7.02 7.00
30 25.5 25.7 25.0 25.8 25.7 25.0 30 799 799 696 7.00 6.98 6.98
36 25.6 25.8 25.0 255 25.6 25.3 36 803 803 709 711 715 7.11
42 25.5 25.8 25.0 25.6 255 25.2 42 803 803 742 726 7.04 7.02
48 25.4 25.5 25.0 255 25.6 25.0 48 804 804 779 757 743 7.42
54 255 26.0 25.0 26.0 25.6 25.0 54 8.00 8.00 8.03 7.90 7.38 7.37
60 25.5 25.8 255 25.0 60 804 805 7.49 7.43
66 25.8 25.8 25.8 25.0 66 805 8.06 7.31 7.24
72 255 25.8 25.7 25.0 72 8.05 8.05 7.36 7.31
78 25.8 25.8 25.6 25.3 78 802 803 7.46 7.36
84 25.8 25.8 255 25.0 84 802 803 7.44 7.35
90 25.5 25.8 25.3 25.0 90 7.98 8.1 7.59 7.55
96 25.5 25.7 26.0 25.0 96 8.00 801 7.76 7.68
Mean 25.5 25.7 25.0 25.6 25.6 25.1 Mean 801 802 729 725 731 7.27
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SD 04 0.3 0.2 0.4 0.3 0.1 SD 0.03 0.03 0.49 0.45 0.32 0.33
Dissolved oxygen (mg 1) Total ammonia nitrogen concentration (mg 1Y)
Time 1 2 1 2 1 2 Time 1 2 1 2 1 2
0 1787 1422 1760 1620 1778 12380 0 0.8 0.4 37 3.6 15 15
6 9.25 805 1132 1866  18.82 16.84 6 0.2 0.3 9 9 5.1 4.6
12 7.93 9.42 8.74 8.45 19.02 17.03 12 0.3 0.3 21 21 12 11
18 8.74 7.34 11.83 10.02 17.38 12.50 18 0.3 0.3 33 37 19 19
24 9.42 8.34 12.34 16.95 16.51 16.53 24 0.2 0.3 42 45 22 26
30 8.66 9.11 10.88 14.14 15.25 15.48 30 0.2 0.2 76 74 35 37
36 8.68 9.35 7.83 12.12 14.91 13.57 36 0.2 0.2 100 70 36 35
42 7.70 8.48 19.28 14.90 10.50 8.19 42 0.2 0.3 130 120 44 52
48 8.27 11.35 21.34 17.57 17.28 16.31 48 0.2 0.3 60 60 41 53
54 8.55 11.77 16.28 15.01 54 0.2 0.2 105 105 55 60
60 9.89 14.01 21.74 21.50 60 0.2 0.2 70 76
66 10.47 15.54 19.68 15.77 66 0.2 0.2 100 120

72 1066 1221 2030  17.26 72
78 10.17 11.95 19.23 78 0.2 0.2 85 80
84 10.31 12.13 17.52 84 0.4 0.2 100 150
90 10.09 12.10 90 0.2 0.2 100 130
96 10.61 11.85 96 0.2 0.2 60 60
Mean 9.84 11.01 13.46 14.33 17.34 15.70  Mean 0.3 0.2 58 54 49 57
SD 2.28 2.38 4.77 3.50 2.85 3.12 SD 0.2 0.1 44 39 34 45

Oxygen saturation (%) Un-ionized ammonia concentration (mg 1)

Time 1 2 1 2 1 2 Time 1 2 1 2 1 2

0

6

262.35

138.00

209.78

120.29

260.49

168.35

239.38

280.17

262.73

282.13

190.36

251.24
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0

6

0.039

0.010

0.020

0.011

0.175

0.029

0.173

0.029

0.077

0.017

0.077

0.014



12 118.88 141.66 130.39 127.07 285.12 253.27 12 0.011 0.013 0.058 0.060 0.056 0.038
18 131.02 110.56 175.93 150.21 261.37 185.90 18 0.011 0.013 0.121 0.114 0.084 0.068
24 141.21 125.62 184.40 255.31 249.07 247.01 24 0.009 0.011 0.212 0.276 0.111 0.120
30 129.82 137.00 161.80 212.98 229.34 230.21 30 0.007 0.008 0.312 0.353 0.158 0.159
36 130.33 140.83 116.45 181.69 223.87 202.78 36 0.011 0.009 0.553 0.420 0.239 0.207
42 115.43 127.73 286.73 223.72 157.40 122.19 42 0.010 0.014 1.526 1.023 0.225 0.248
48 123.78 170.15 317.36 263.39 259.45 242.56 48 0.011 0.013 1.626 1.027 0.515 0.622
54 128.17 177.84 244.44 223.22 54 0.010 0.010 4.848 3.908 0.616 0.629
60 148.26 211.02 325.90 319.74 60 0.010 0.012 1.000 0.913
66 157.70 234.07 296.43 234.53 66 0.011 0.012 0.970 0.935
2 159.80 183.91 305.28 256.69 2
78 153.18 179.99 287.36 78 0.008 0.009 1.142 0.838
84 155.29 182.71 260.55 84 0.017 0.007 1.275 1.502
90 151.26 182.25 90 0.007 0.010 1.765 2.051
96 159.05 178.21 96 0.007 0.009 1.635 1.270
Mean 147.27 165.51 200.21 214.88 260.19 233.84  Mean 0.012 0.011 0.946 0.738 0.618 0.606
sD 33.05 35.59 70.77 52.35 42.80 4641  SD 0.008 0.003 1.492 1171 0.598 0.608
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Table 3-S4. Water parameters: experiment 3, 25°C. Two treatments were prepared: 1) tank water
continuously exchanged (control), and 2) one third of the tank water drained and replenished with the same

volume of fresh seawater every 12 hours (test). Two tanks were used for each treatment.

Control Test Control Test
Water temperature (°C) pH

Time 1 2 1 2 Time 1 2 1 2

0 25.8 26.0 25.3 255 0 7.90 7.87 7.89 7.89
6 25.2 26.0 25.3 25.8 6 7.94 7.94 6.90 6.91
12 25.6 26.0 25.2 25.8 12 7.97 7.98 6.95 6.94
18 25.7 26.0 25.3 25.8 18 7.94 7.96 6.99 6.94
24 25.2 26.0 255 25.5 24 8.01 8.01 7.12 7.03
30 25.8 26.0 255 25.5 30 8.00 8.00 7.17 7.08
36 25.7 26.0 25.3 25.6 36 8.00 8.02 7.24 7.12
42 255 26.0 25.2 25.7 42 8.03 8.04 7.26 7.13
48 25.4 26.0 25.0 25.6 48 8.05 8.05 7.32 7.18
54 25.7 26.0 25.2 25.8 54 7.96 7.98 7.29 7.12
60 25.7 26.0 25.0 25.8 60 7.99 8.00 7.31 7.14
66 25.3 26.0 25.2 25.7 66 7.96 7.98 7.31 7.15
72 25.3 26.0 25.2 25.8 72 7.94 7.96 7.28 7.15
78 25.2 26.0 25.0 25.8 78 7.94 7.95 7.33 7.16
84 25.2 26.0 25.2 25.8 84 7.95 7.97 7.35 7.17
90 25.3 26.0 25.2 26.0 90 8.01 8.01 7.39 7.22
96 255 26.0 25.2 25.6 96 7.86 8.02 7.42 7.21
Mean 255 26.0 25.2 25.7 Mean  7.97 7.98 7.27 7.15
SD 0.2 0.0 0.1 0.1 sD 0.05 0.04 0.22 0.21
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Dissolved oxygen (mg 1%

Total ammonia nitrogen concentration (mg 1)

Time 1 2 1 2 Time 1 2 1 2
0 17.99 17.84 15.86 13.28 0 0.3 0.3 0.2 0.2
6 14.68 15.52 20.26 21.50 6 0.2 0.2 12 11
12 15.35 15.58 19.42 19.38 12 0.1 0.2 26 21
18 14.79 15.26 19.57 20.18 18 0.1 0.2 21 19
24 15.79 15.72 19.60 19.44 24 0.1 0.2 34 30
30 15.80 16.00 21.50 30 0.1 0.1 32 31
36 16.19 15.62 20.51 36 0.1 0.1 36 56
42 16.32 16.24 42 0.1 0.1 37 40
48 16.57 15.81 20.94 48 0.1 0.1 40 44
54 16.07 15.44 20.80 54 0.2 0.1 34 37
60 15.45 15.86 20.89 60 0.1 0.1 32 42
66 16.30 15.86 66 0.1 0.1 29 35
72 16.14 16.13 72 0.2 0.2 40 41
78 16.28 15.52 78 0.1 0.2 24 31
84 16.26 16.06 84 0.1 0.1 32 40
90 17.46 16.14 90 0.1 0.1 26 34
96 17.09 16.15 96 0.1 0.1 29 40
Mean 16.15 15.93 18.94 19.84 Mean 0.1 0.1 28 32
SD 0.85 0.57 1.75 242 SD 0.0 0.0 10 13
Oxygen saturation (%) Un-ionized ammonia concentration (mg I™%)
Time 1 2 1 2 Time 1 2 1 2
0 270.97 269.56 237.00 199.08 0 0.009 0.009 0.007 0.007
6 219.02 23451 302.75 323.84 6 0.008 0.006 0.044 0.043
12 230.47 235.41 289.73 291.91 12 0.006 0.008 0.106 0.087
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18 222.42 230.58 292.44 303.96 18 0.005 0.007 0.094 0.079
24 235.58 23753 293.82 291.42 24 0.005 0.008 0.209 0.150
30 237.98 241.76 322.30 30 0.005 0.005 0.220 0.174
36 243.47 236.02 307.95 36 0.006 0.006 0.287 0.347
42 244.65 245.39 42 0.006 0.007 0.306 0.255
48 248.00 238.89 314.41 48 0.006 0.006 0.374 0.312
54 241.67 233.30 313.30 54 0.007 0.006 0.301 0.232
60 232.34 239.64 314.65 60 0.006 0.004 0.292 0.276
66 243.57 239.64 66 0.004 0.006 0.269 0.234
72 241.18 243.72 72 0.007 0.006 0.346 0.276
78 242.89 23451 78 0.005 0.009 0.230 0.213
84 242.59 242.67 84 0.004 0.005 0.325 0.282
90 260.91 243.88 90 0.005 0.002 0.289 0.272
96 256.19 24403 96 0.004 0.004 0.346 0.304
Mean  241.99 240.65 283.15 298.28 Mean  0.006 0.006 0.238 0.208
SD 12.85 8.62 26.26 36.57 SD 0.002 0.002 0.111 0.102
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F4E KREFAETICEBITR2HE2I9FAILOREATHRIEICEI -
ERRAEHEER

41 [FL®IC

A1 % 7 F A T Engraulis japonicus 1%, T/ U 2« InHEMN G BA - §#HE - A5

FOHEOMEBIZIA i L (A - B 1986), WAETITEAINDIED, 20
B OEEE LTHHH SN TWD GRHS 1984), WE 7 FA T 2IHEHE LT
AR 2@BmIE DB —ARS VL, 5 & 72 2BV D bR EEIZ W TR I/
(40~50 H) #¥T 5, ZO7D, MECBNTHZ 7 FA U LOEBEKEBAT D
VERGH Y, MEEBEEBICET 2RI 2 FRZ R E R EERE Z)EBE LTS
(KA H 2009), ZAUCKHE L, EKIBRTHERICHZ 7 FA VL EEET H5M%
5 HNT, MG X 2B ORER S e S - BT e S 5, JefTHFZE TI
T2 7 FA D OEiRAKIERIE  (ERAERESEKIR) 23 27°C fTHiTlich 5 2 &,
T2, BRIEHBET DO BEAKPICVNERDO N Smg/L L ETHLZ EI1To
WTHHLNCEN TS UNHEB 2018), ZDIEA, SERHIZISIT ) ek &
DIRIEZ R LT-H AT AT DT =T THECOWTORITHEL H 5, T DOHF
ZECILARE/KIR 15°C , 25°C 1B BT =7 BRI 5 48 B #% 0
BEBCIEE DENZ 23 0.706 mg/L, 0450 mg/L THDHZ ENHLMNZENTWD
(Oda et al. 2021),

Z 2T, ARHFFETIZ/NES 2018, Oda et al. (2021) THEOLNZHMREZIENL, EEE
MO —AREVFEO MO L HEL 50 HMIZh 2 RHBOFRETYH, B2k
i FERBE N FRE & IR D0 A AR T 5 BT, fEHEE NSRBI 5204 7 F A4 T DK
AR ERER GUR 1) 21T7-o7, £, TRETITHLILTW DR ITHE
Fael, OEHIRENCB T 2EEBROER TH Y, FBREHIREL LI TR T ERIC
RIEDE ENTWDAREMER S D, TDD, AN EGEI CEOREEKRTE

L0EHIET S BT, WX 7 FA U OAKIRMNIERTERER Gk 2) & RIFFCTT
58



> 7,

42 MHEBLUAZE

BB 1 KENESREHRAERER
HEA 2010 F2 AICRIFRAEHE T CEEINTWDIHZ 7 FA U 25 TREIER
HCHE L, 80KL N\AIE/AKME T 12 A THEIE L7oAE 789+ 1.21 g (n=50) DX
27 FAUERBRAE L THW, THAEHMICEKIT 25, =FEr 2B —K
FI0 IR COMMRELFEE L, AAREHZD 0006 g OEAEFE (Wb LKIBA ;
HiE AR AL 2V, 5, B, 4D 3EN/HT TiTo72, F72, E7 U A
W TPBIR E LT 80 kKL NATEKMEANNAER B L OZDFA L 7 HAIZ OTC UKEH
OTC # [TGJ 10% ; #kAxtt b — I —HAiriF7EnT) ZEAERHI X L THEE T 0.4~
0.5%IB¥ CTH x 7=,
HBRORE /KR 20°C B L25°C O 2 REBRX 2 5% 17, | BRXIZ 2 kKL FRP 51K
M2 2 LWz, 80 KL \ATEAKHIE Tt E 217 o 7o fililfa %, 2 kL FRP fABUKAE
(€ 1,250 mmx4 2,250 mmx 5 & 1,525 mm ; ERE 1.6 kL) ~EEN OB —ARED it
i (LUF, e vo,) TORBRICEIT DREEE (25.0kg/kL) & RISEOEET
WA LTz, A INE LIZBEOKIRIL 17.8°C TH Y, Z0OHK 6 RN T TN
FIDORRE KA~ L7z,
RBRUEPORAEFESE AR IR 2B, THEEHR T &R CE A SR
ZW, ], B, YO3IENIGT UToTee BE 7 FA T OEE T F/LF—EITK
BIIRAFT 2728, EEICHEMICBVL T 15°C THREFL TV D EE AL LT, 20°C
X TlE 0.42 kg//kAl/H, 25°C X TIE 0.49 kg//KFli/ B D#REER & Lz, £7-, Kii% Lk
AIGTFEETO) LT T VARSI DECANEMT L & PHISNZZ &
M, THIRE L CRLAEIEIEED 0.4~0.5%0%|A T OTC % EAfEHI IR CE—
BIDOBETH 2 T2, BB IITEMRLEEKZ A U, #KRITE M O Fr i K O#K

RLEFEED 1,260%/ H (ORFFS 2009) & L7-, RBAIL 24 BREER R S L, BREIX
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250~500 Ix & L7z, &7 FA U NIEE KO FEHBFERE (LLF, DO £9,)
N5 mg/L LATIC72 % LIRFEHBE BN DT LR EORE 2 & 2T/ EN S 5 2 &
P3RIE VN B 2018) STV D720, FAEKICITEF OZ2EKUT N2 THEHR bk L
DO % Smg/L LA EIZfk 7=, ZDFER, 20°C K TO@RKEILERE 421/, BEx
12~1.6 L/4r & L, 25°C K CIEZER % 42 L/9y, BEHE% 3.0~3.6 LIDIZREE LTz, @
RUIHEH L7 =R b=, EXRUTET I v 727 —RA b—2® AS200 (nitto)
PERL, BEIIETII v /77T —RZ =10 AS80 (nitto) Al L7z,
BBRAOAIE HKERPHLARFC 50 B, BB TRIZZNZ N OKIEN D 30 BT 28R
L, &k, BXE, #WhEBIOEKEOHEZITo72, RBXMOKED T
Welch @ t fEIZ & 0 bl L7,

FEREOAE RBMMT OB KOKIR, DO, pH ZfEH 8 KL 16 FRIHIE L
7=. F7-, #IZ2E], 14RHZEEBERKFOET CE=TRE (LT, TAN W) ,) O

AE 21T -7,

RBR 2 KRR AR SR

A A, BB THWELOLFEICe Yy NI EZ T FA T EHW,
BEBRORE /KiE 20°C BL25°C 0 2 iBRXK 7% 1) 7=, #kBRICIZ, 200 L BAR
VxF L okRE (FEK&E 150 L, Iy h& v, $ 3y MR LEMRASH) % 2
A, BRBRX Z L 2 KO IR UK 2R T 72, 80 kKL \ATEKIE T HtAE &
ITo Tt % 200 L JBEAR Y =F L K ~ZNZ1 100 BT OUNAE Lz, fhalfa
IR LTBEOKIRIX 17.8°C TH Y, ZDOH%K 6 R T TENZ N O EKIE~
I U7z SRR ~IUE# 72 D NS RBRBA A I X EAGEE & L, TN TORBRMANIE
CT5ETCRBELITS T,

HEBHAMPORETAZ ABRICHEALZ 2000 B2ARY =F L okilEE, it EofAE
KF & R D 72T A CBRERIZIE ST 2 BWAWT, fEAMNE 7 U —Lf@ic~rF
(M a7 a—k; vy 7 _q 2 MRS TRE L, MKITEMRLE K

A L, Ba K SR IS O FHEE K DR R & [R5 D 1,260%/H & L7= Rk S 2009)
6 0



FRAA I 24 RERTEFR L L, ZOMEEIX 1,200~2,000 1x & L7z, fEKMANORT
RFRREDIKTZB<TaDIl, =7 —Ab—r (BEF7I v 77 —A b=, AS80;
nitto) ZHWTHXZITVY, TOHEKEIT 14L& L,

FRTADRE BT LKL, E0 8 REL 16 REIT/KEND B bR
&, 2k, BXE, AR L OEREZHE L,

FEREORE RBHHHOEEKDOKIE, DO, pH Z4H 8 KL 16 REZHIE L
72,

43 #HR

HE 1 KEINEREHATFERR SX L OfER% Table 4-1 1T LTz, fillE 4]
25°C R CHLEANE THALNIZ L OO, 15 B HEE CIIRE 22T 2 ho 72,
LU, Z D% AR DD R 2 1ZB &, BB TIRFD A 7% 313 20°C [X.89.9~92.3%,
25°C [X 78.7~83.1% & 72 > 7= (Table 4-1, Fig. 4-1), akBRIE TIFICARE L TR
KM Z LI 30 BT OREAHE L, RMERXHE THRE LoRER, 25°C KOKEIX
20°C KOKEL Y bHEIZ/NS72fE (P<0.05) Z/7L7- (Table4-1), iERHIM T D
KIRI L OKEDEEEREE A Table 4-S1 12~ L7z, BRUBRERE KRB M 238 L
THEFFLCTEY, DO IFF X TIRIFIRS, pH X 20°C X3 25°C X & HE_TEHEFEW
ERNZ & v, flE KD TAN 1E 25°C X3 20°C X & TR MBI & - 72 (Table 4-S1)

HE 2 KEBRISBTESRER 20°C XTI 22~24 H% F CITAERE 90%LL E&{R-
TWED, R 90%LL FiZ7e o 72 23~25 HED SIXAMITE T EML, 35~36
HEITITAEFRR 50%, € LT 56~57 H&IZITT N TOMEENIEL L7z (Table 4-2,

Fig. 4-2),25°C X Tl 13~15 A% £ TIEEFKTE 90%LL L& LR > T2y, £ 90%
LITFIZ7 o7 14~16 HENOIZBIICIHETHIHM L, 23~24 HZITIZAEFERE 50%,
Z L T36 HZIZITT X TOEKRII LT L7z (Table 4-2, Fig. 4-2), TINENDIHLE L

T-ERIL, fRBE BRI OSEBAE & 5 & 20°C X TIEH 33~34%E4 L TE Y,
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25°C X CIEH) 34~37%J/ 0> L T 7= (Table 4-2), BRI T 0 /KB L OKE DOfi
BB %4 Table 4-S2 128 L7z, BRBARR E/AKILITABRIIM T 2@ L CHEFEF L TR Y, DO
I%25°C X T 20°C X & bR THE L, pHIZE X TIXIEREE TH > 7= (Table 4-S2),

44 EE

B 2 FR O T KR B R A B R O SE C RIS, WX & b o @R &
I LTEY, Z0 X5 REROEET 25°C KTEVMER B ALz, —F, K
TN O B8 DWEFKGEE 72 & OIFBNEIL B 2 OBIZOH T 25°C K@ »o1z, £72, 4
ENITZ 7 FA T DN F—RBNPKIBIZL > TR ZEAEFZEL TRt
B U727y, SRS TP 25°C XOOFEERE T 20°C KOKME XL D b AEIT/NS 7
il (p<0.05) Z7r L7z (Tablel), Ziuix, fABEHMF O ITBEHEARENERNTHD
EHEEL I AL, HFIC 25°C K CIIAEEEDN R TR oo BN E 2 bhvie, £77,
[FIIRFLZAT > T2 3BR/KIR 20°C 36 KON 25°C (2361 2 /KRB PERER IZ B\ ) T,
25°C X Tl 14~16 BE ORI THA ML (Fig. 4-2), KB E S F
FRERD 25°C KIZEBWTH 15 HED DI TE NI L TWAD Z &b, BT ERITE
fERETH D BT BN D,

ZOfh, ELAFEIOGEIRNCII N ¥ 7 F A4 UL OBKEENE LY, TOMEFEET
KO DO BRABITR T T2 EHHCO—REBX BND, EEOREBLICHNT
b, BBICTH X 7 FA U T EREHRAIRESGIZ TN E 46D 721300 O, F72b
LR R BRI WD TG I AR ORI IME ST D ORF S 2017),
7z, fEEET% 30 43T 20°C K CIIAGERRATD 59~62%, 25°C KX TlE 41~51%% T DO
PMETT28EFHRHY UNHD, RER), ZOLEMERZICIVECLEL
BN EENZEBLEINTND

—5 T, RGNS 5 HRGBT 5 £ TOM, MRRKIZBWTIZE A EELEIK
WA BN N-T2Z L X0, FEEHEICR T 2 BEGEESRM T oKIRRER (552 %) KO

TR TMMERER (3 32) TRA LB TEIROFERIIARIE TIIEW 2 & 23K
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L7z,

BRI 5 O TAN OB X 20°C X Tl 1.5 mg/L, 25°C X TiL 2.0~2.1 mg/L T
&Y (Table 4-S1), ZiLHDMEMNSHIEMEET o E=TRE (LI'F, UIAN &\ 5H,) %
5 L, 20°C X TIE 0.015 mg/L, 25°C X Ti% 0.018 mg/L & 725, Oda et al. (2021)
T, UIANIZ L DM TR, 15°C, 48 Wi TOPEEIEIRE D 0.661~0.750
mg/L (UIAN), 25°C, 48 K§[#]Ti% 0.379~0.521 mg/L (UIAN) tHiESINTWDHZ &
X, 0.lmg/L (UIAN) AR CTHIUIHZ 7 FA U I LE LR D EHEE S LTV
Do Flz, AKB (2011) OHETH EEROHEEIIGIZB T HWHBEKOT =T
JEIZ0.01Img /L & &V, B ROMBIZFERE Tholc, ZNHDOME & T 5 &K
BRI T O UIAN (34500 TR S, RIS E A 5 A D RETIERhoTc b BEX bR
Do

L DR TIE, FBEKIED EFIZ XD AEFRROBETET 2 MRS D Z L
O, MOERNZLDHTCIIMN ST LIUENDD, BF T FATUIIET U AHRIZ L
DIECHFERLG TIIEIS Ao D720 ORF S 2011), AEIZOFRHIKRE LTAHH
JFAVVTRONDET VFRIZEZEOH LT TV A7 ) U ROEHTH D
OTC %l 1 [ O T, EAFEHIEE TROKRE Lz, TORE, B hice
TR LD EEON D RERPFEITIAONT, ZOFEIIFZ 7 TFATDOET
U AR RICHER HDH D LB 2 bz,

INET, OBRIBETOIZ 7 FA4 T2 OfEIT/KIE 15°C TITebih Tk Y,
— g (40~50 H) OAEFRFEN 13~87% Thd D (KK 5 2011), A I OFRERAERD 5
BFEBNZ LV AFI72 20°C TH, 50 AT 89.9~923%D ATk AR TH Z &3 AR
boHTENIRSINI, ZOMEXY, /IHEDL (2018) TRENTZEENDOB—ARED
TR I 1T 2 AR E A 455 7 FIH I (A 0 70 FI/L : 4 (2017 €2 11 H) @
fli#s CEHE) TXDHLEDBEIZONTE, DEODIXFHTEHHLDEEZ B,

—Ji T, JERDEIB KR 15°C 775 5°C EH-SE7220°C £ T22 IR0 TR v
NRAET DM H D, ZX, KR 20°C TIEH Z 7 FA T 2 OIEEHMED 15°C

EHARKIEIZENDZ EITH D, /NHB (2018) TiE, /Kl 15°C L /KR 20°C (23317
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HEEFREE EOMEIT, FIEI 396 mL/kg/RF, 702 mL/kg/RETH VD, #I T7%FEETEE)
PR EFHT 25 2 EDRALMNIR-oTND, ZD72H, HKD DO DIET, R
%D DO ORAMIKT UhED, RER) ICEBTILERDY, WX I7FA T
BRI BT 2 EZRT 2720121, B K~OBBEKDBNHAE 0D T ENRTHES
N5,

S, REBRERZICH LT, EEOWEME W EERBR AT O LWERH D,
Z OB, KiRZ 15°C 05 20°C ~ ER- S 2 Z LI LA =X VX —HBEEOHEINZ
D T O DFGEF RSO 2 A |, 6 TOWIEER DIBEKUT 01D T A MZHOWTHEIL
TWSKERD D,

4.5 5|FXXE

e B |t oss (1986) FrhisdEy: (). MEEAEAR. HA 502-503.

AEE — c JBRFSR - SREE— - REPHEGE - SRR (1984) HOARPEESBEIRIXE. R
WIS, BT, 20.

ARRHFEN - BEITEZ « REER - RE—F (2009) PRk 20 4B K PE & I BH S 5
¥EE (BIRACH  mPE OB < KOEEH - PSR >) . MSZATBUEA
KEREWNTE T o Z —PFHE L ¥ —. Bk, 33-37.

ANHFEREA - FEASTE - 39 B - 450 - R - EFA (2018) fIE TICkT 5
27 FA U O miR KR & AR SR MM BET 2478, KESL
B1085 1 5. 1-7.

Oda, K., Hashimoto, H., Teruya, K., Dan, S., Hamasaki,K. (2021) Ammonia tolerance of
Japanese anchovy Engraulis japonicus:Implications for cost reduction in a skipjack
pole-and-line fishery. Aquatic Animals. 2022, AA2021-1

ARFHEN - B « RIS - 22 - iU 227 - el - syl - KRB
Bt - IRE—F (2017) PRk 27 FEMEKEE B FREREE (HEN OB

<AKFEFE - PREREE > ) . [ESLAFTERE S IE A OKPERTTE « ZUE AR A v
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2 —. M. 42-55.

AN « M6 B - BATLE - KEER - (KB —F (2011) FRL 21 FFEEGE
IKEEE TR BT 8 (EIRHISEL 5D B89 < AOVRET - PEERHEk > ) .
MSATBUE NKEREGIITE o 2 —Bgs At 2 —. Bk, 29-30.
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Table 4-S1. /KI5 (20°C, 25°C) fRfg FEHIGERERICBIT 2 /KERE GRBRX I LI

2 JKH#)
20° C-1 20° C-2
SREREM B 7°J<;'E'1 BEBER oH TUESTRER ZK}E BEEBER oH TUESTRER
(° ©) (mg/L) (mg/L) (° ©) (mg/L) (mg/L)
0 8:00 17.8 7.78 7.50 17.9 8.08 7.48
16:00 20.0 6.40 7.34 20.1 10.32 7.36
1 8:00 20.1 10.49 7.38 11 20.2 11.43 7.38 12
16:00 20.1 9.52 7.32 20.2 10.49 7.32
9 8:00 20.1 6.97 7.38 20.2 8.46 7.34
16:00 20.1 7.34 7.31 20.1 8.90 7.25
3 8:00 20.1 9.29 7.59 20.2 11.79 7.50
16:00 20.1 9.38 7.50 20.2 12.96 7.47
4 8:00 20.0 9.09 7.65 13 20.1 12.83 7.58 15
16:00 20.1 8.61 7.47 20.1 11.77 7.44
5 8:00 20.0 8.47 7.68 20.1 7.65 7.62
16:00 20.1 11.51 7.50 20.2 8.90 7.41
6 8:00 20.0 11.54 7.69 20.1 9.58 7.62
16:00 20.1 11.71 7.51 20.1 7.43 7.39
7 8:00 20.2 10.04 7.62 20.3 6.36 7.45
16:00 20.2 9.88 7.39 20.3 11.38 7.37
8 8:00 20.1 11.63 7.57 14 20.2 11.90 7.49 13
16:00 20.1 10.55 7.44 20.2 10.92 7.38
9 8:00 20.1 11.65 7.60 20.2 11.71 7.55
16:00 20.0 10.40 7.42 20.1 10.71 7.35
10 8:00 20.1 10.26 7.59 20.1 10.73 7.53
16:00 20.1 10.15 7.44 20.2 10.40 7.38
11 8:00 20.1 10.69 7.61 13 20.1 10.81 7.62 16
16:00 20.1 10.00 7.47 20.1 10.01 7.41
12 8:00 20.0 10.43 7.68 20.1 9.52 7.64
16:00 20.0 9.85 7.47 20.1 9.21 7.43
13 8:00 20.0 10.32 7.67 20.1 10.79 7.59
16:00 20.1 8.67 7.41 20.2 8.70 7.37
14 8:00 20.1 8.99 7.61 20.1 8.75 7.57
16:00 20.1 8.94 7.37 20.2 8.82 7.33
15 8:00 20.2 9.35 7.49 12 20.2 9.15 7.44 15
16:00 20.2 8.81 7.39 20.3 8.79 7.32
16 8:00 20.1 9.64 7.48 20.2 9.00 7.39
16:00 20.1 8.69 7.35 20.2 7.53 7.24
17 8:00 20.1 9.17 7.44 20.1 8.63 7.39
16:00 20.1 8.51 7.29 20.2 7.56 7.23
13 8:00 20.1 9.53 7.46 14 20.2 9.09 7.44 14
16:00 20.0 8.59 7.12 20.1 8.25 717
19 8:00 20.1 9.98 7.54 20.1 9.04 7.47
16:00 20.1 8.99 7.34 20.2 8.14 7.31
20 8:00 20.1 9.99 7.61 20.1 8.86 7.56
16:00 20.1 8.50 7.46 20.2 7.62 7.35
21 8:00 20.1 10.24 7.59 20.1 8.65 7.54
16:00 20.1 8.74 741 20.1 7.03 7.33
22 8:00 20.0 10.25 7.64 17 20.1 8.22 7.56 17
16:00 20.1 8.55 7.43 20.1 6.65 7.32
23 8:00 20.0 8.75 7.57 20.1 6.99 7.49
16:00 20.1 8.31 7.42 20.1 7.34 7.38
24 8:00 20.2 8.45 7.49 20.2 6.83 7.44
16:00 20.1 8.34 7.35 20.1 7.81 7.34
25 8:00 20.2 8.16 7.40 12 20.3 7.94 7.45 12
16:00 20.2 7.01 7.27 20.3 5.35 7.18
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2 8:00 20.1 10.00 7.49 20.2 11.30 7.53
16:00 20.1 8.95 7.27 20.2 9.49 7.29
97 8:00 20.0 9.04 7.44 20.1 9.38 7.44
16:00 20.1 8.84 7.31 20.2 8.90 7.32
28 8:00 20.1 9.18 7.51 20.1 9.04 7.54
16:00 20.1 8.96 7.36 20.2 8.53 7.38

2 8:00 20.1 8.36 7.42 13 20.2 8.53 7.47 13
16:00 20.1 8.31 7.32 20.2 7.97 7.33
20 8:00 20.2 9.56 7.62 20.3 9.08 7.63
16:00 20.2 8.48 7.36 20.3 9.08 7.63
31 8:00 20.1 9.30 7.51 20.2 8.62 7.53
16:00 20.1 8.66 7.34 20.2 7.90 7.35

39 8:00 20.0 10.02 7.41 14 20.1 8.23 7.42 14
16:00 20.2 8.40 7.40 20.3 7.42 7.40
23 8:00 20.2 8.92 7.50 20.3 8.21 7.54
16:00 20.1 8.44 7.34 20.2 7.73 7.36
2 8:00 20.2 8.61 7.45 20.3 7.60 7.47
16:00 20.1 8.29 7.25 20.2 7.09 7.21
35 8:00 20.2 8.63 7.45 20.3 8.38 7.46
16:00 20.2 7.69 7.27 20.3 8.45 7.26

36 8:00 20.2 8.62 7.46 17 20.3 8.52 7.39 16
16:00 20.2 8.23 7.27 20.3 7.34 7.25
37 8:00 20.1 9.76 7.42 20.2 8.55 7.45
16:00 20.1 8.75 7.64 20.2 8.46 7.39
28 8:00 20.1 8.40 7.41 20.2 8.23 7.48
16:00 20.0 7.16 7.26 20.2 7.19 7.31

39 8:00 20.0 717 7.35 . 20.1 7.34 7.42 16
16:00 20.1 6.51 7.23 20.1 6.17 7.26
10 8:00 20.0 7.78 7.34 20.0 7.89 7.45
16:00 20.1 6.94 7.18 20.1 6.54 7.26
a1 8:00 20.0 7.05 7.34 20.1 6.55 7.41
16:00 20.0 6.81 7.21 20.1 5.57 7.24
2 8:00 20.1 9.10 7.38 20.2 9.32 7.44
16:00 20.2 9.67 7.29 20.3 11.52 7.37

23 8:00 20.2 12.95 7.53 19 20.3 11.03 7.51 18
16:00 20.2 11.58 7.27 20.2 9.50 7.23
" 8:00 20.2 12.32 7.37 20.3 10.25 7.40
16:00 20.1 10.06 7.20 20.2 7.72 7.17
45 8:00 20.2 10.85 7.20 20.3 8.58 7.31
16:00 20.2 9.85 7.09 20.3 8.30 7.07

26 8:00 20.2 10.76 7.29 91 20.3 9.12 7.30 17
16:00 20.2 9.00 7.17 20.3 7.71 7.21
47 8:00 20.0 10.35 7.33 20.2 7.69 7.32
16:00 20.1 10.37 7.21 20.2 7.94 7.22
18 8:00 20.0 12.36 7.39 20.1 8.84 7.44
16:00 20.1 10.55 717 20.2 6.27 7.16
49 8:00 20.1 11.24 7.37 20.2 12.91 7.45
16:00 20.1 10.14 7.24 20.2 12.58 7.32
50 8:00 20.2 9.73 7.28 20.3 11.64 7.39

Ty 20.1 9.30 7.41 15 20.2 8.88 7.40 1.5

BERE 0.1 1.33 0.14 0.3 0.1 1.67 0.12 0.2
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25° C-1 25° C-2
SEREN B Zk;’n% BREER TUESTRER ZK;’E{ BEERER TUESTHER
(° ©) (mg/L) (mg/L) (¢ 0 (mg/L) (mg/L)
0 8:00 17.8 6.35 7.48 17.8 7.17 7.61
16:00 23.9 6.77 7.15 24.0 7.69 713
1 8:00 25.0 9.43 7.08 18 25.0 10.11 7.00 29
16:00 25.0 8.38 7.01 24.9 12.28 6.99
2 8:00 25.0 7.20 7.08 25.0 10.82 7.02
16:00 25.0 8.30 7.03 25.0 10.66 6.96
3 8:00 25.0 9.37 7.12 25.0 9.93 7.07
16:00 25.0 10.46 7.23 25.0 10.77 713
4 8:00 25.0 11.23 7.28 91 25.0 10.58 7.76 23
16:00 25.0 10.95 7.20 25.1 10.60 7.11
5 8:00 249 11.13 7.30 25.0 11.39 7.29
16:00 25.0 10.64 7.16 25.0 10.01 7.14
6 8:00 25.0 10.98 7.30 249 10.67 7.28
16:00 25.0 11.80 7.18 249 10.87 7.14
7 8:00 25.0 11.81 7.31 24.8 11.05 7.29
16:00 25.0 10.92 7.11 25.0 8.80 7.08
8 8:00 24.9 11.97 7.28 20 25.0 9.68 7.22 20
16:00 25.0 11.16 7.19 249 11.14 7.11
9 8:00 25.0 11.47 7.31 25.0 11.20 7.24
16:00 25.0 10.51 7.12 24.9 11.12 7.13
10 8:00 25.0 11.57 7.34 25.1 11.66 7.28
16:00 25.0 9.42 7.19 25.0 10.27 7.10
1" 8:00 25.0 10.24 7.31 19 25.0 11.11 7.28 20
16:00 25.0 9.7 7.22 25.0 8.98 7.10
12 8:00 25.0 11.05 7.38 25.0 11.21 7.27
16:00 25.0 9.85 7.24 24.9 10.27 717
13 8:00 25.0 11.66 7.38 25.0 11.37 7.30
16:00 25.0 9.82 7.24 25.0 9.18 717
14 8:00 25.0 10.19 7.43 25.0 10.52 7.37
16:00 25.0 9.19 7.13 249 8.91 7.07
15 8:00 25.0 9.96 7.30 17 24.9 9.08 717 20
16:00 249 9.13 7.22 25.0 7.76 7.11
16 8:00 25.0 10.70 7.28 25.0 9.85 7.19
16:00 25.0 9.35 7.19 25.0 9.14 712
17 8:00 25.0 10.73 7.23 25.0 9.43 7.18
16:00 25.0 9.73 7.16 25.0 8.96 7.09
18 8:00 25.0 11.42 7.30 19 24.9 10.18 71.34 21
16:00 25.0 9.69 7.25 24.8 9.12 7.31
19 8:00 25.0 10.56 7.42 25.0 10.89 71.34
16:00 25.0 8.77 7.24 25.0 10.92 7.16
20 8:00 25.0 10.19 7.45 25.0 11.81 7.39
16:00 250 8.81 7.30 25.0 10.40 7.23
91 8:00 25.0 10.01 7.42 25.0 12.30 7.37
16:00 25.0 8.18 7.27 25.0 10.09 7.16
99 8:00 25.0 9.54 7.49 21 25.0 11.71 7.41 20
16:00 25.0 7.66 7.25 25.0 10.03 7.19
23 8:00 25.0 8.28 7.39 25.0 10.70 7.34
16:00 25.0 6.67 7.20 25.0 9.11 717
94 8:00 25.0 7.52 7.33 25.0 8.91 7.32
16:00 25.0 8.84 7.25 25.0 11.90 7.19
25 8:00 25.0 10.08 7.36 18 25.0 12.76 7.35 21
16:00 25.0 7.51 7.11 25.0 10.02 7.06
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26 8:00 25.0 11.33 7.35 249 11.68 7.30
16:00 25.0 10.12 7.20 25.0 9.85 7.15
- 8:00 25.0 10.79 7.35 25.0 10.72 7.31
16:00 25.0 9.51 7.21 249 9.04 7.16
’8 8:00 248 10.88 7.48 249 10.25 7.42
16:00 25.0 9.58 7.26 25.0 8.38 7.18

2 8:00 25.0 9.82 7.37 18 25.0 8.94 7.33 9
16:00 25.0 8.25 7.20 24.9 7.04 7.13
20 8:00 25.0 10.50 7.54 25.0 9.21 7.43
16:00 25.0 8.24 7.23 24.9 7.12 7.14
31 8:00 25.0 10.73 7.45 25.0 9.21 7.37
16:00 25.0 9.33 7.23 249 7.86 7.18

2 8:00 25.0 10.84 7.52 . 249 9.34 7.57 21
16:00 25.0 10.00 7.27 25.0 7.40 7.23
2 8:00 25.0 12.33 7.44 25.0 9.14 7.36
16:00 25.0 10.36 7.23 249 7.57 7.18
2 8:00 25.0 12.12 7.43 25.0 10.14 7.41
16:00 25.0 10.35 7.16 25.0 8.02 7.12
- 8:00 25.0 11.04 7.40 25.0 9.39 7.35
16:00 25.0 9.53 7.20 25.0 10.07 7.16

%6 8:00 25.0 10.12 7.36 . 25.0 10.68 7.33 91
16:00 25.0 9.65 7.19 24.9 9.49 7.13
27 8:00 25.0 10.60 7.38 249 10.70 7.33
16:00 248 9.32 7.25 249 9.52 7.21
28 8:00 25.0 10.50 7.42 25.0 9.90 7.35
16:00 25.0 9.86 7.22 25.0 9.35 7.21

2 8:00 249 8.80 7.30 21 25.0 9.37 7.33 21
16:00 25.0 7.66 7.17 24.9 7.13 7.12
10 8:00 248 9.10 7.33 25.0 9.00 7.30
16:00 25.0 8.28 7.17 249 8.04 7.19
o 8:00 25.0 8.71 7.33 249 8.78 7.33
16:00 25.0 7.96 7.18 25.0 7.67 7.15
2 8:00 25.0 9.86 7.39 25.0 9.22 7.32
16:00 25.0 6.54 7.20 249 7.04 7.18

23 8:00 25.0 11.86 7.44 " 24.9 10.19 7.38 23
16:00 25.0 10.02 7.20 25.0 8.87 7.14
" 8:00 25.0 10.98 7.33 25.0 9.02 7.26
16:00 25.0 8.52 7.11 25.0 7.22 7.03
45 8:00 25.0 9.51 7.23 25.0 8.09 7.18
16:00 25.0 8.55 7.03 25.0 7.07 6.98

26 8:00 25.0 10.93 7.30 " 25.0 8.67 7.22 24
16:00 25.0 8.89 7.13 25.0 6.18 7.07
47 8:00 25.0 11.10 7.30 25.0 7.16 7.19
16:00 25.0 10.22 7.18 25.0 6.16 7.06
28 8:00 25.0 11.66 7.37 25.0 7.01 7.31
16:00 25.0 9.35 7.11 25.0 9.26 7.02
29 8:00 25.0 9.70 7.30 25.0 12.04 7.30
16:00 25.0 8.80 7.13 25.0 10.50 7.08
5 8:00 25.0 8.81 7.29 25.0 10.19 7.22

iy 24.9 9.79 7.27 2.0 249 9.59 7.22 2.1

BERE 0.1 1.29 0.11 0.2 0.1 1.46 0.13 0.1
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Table 4-S2. 7KiEAI] (20°C, 25°C) GUERIMHIERERIZ IS 1T 2 AKEEREE GRERIX Z L1z 2 K
&)

20° C-1 20° C-2
SERAM B ZKinE:’l BREEBER oH Zkan:'l BREBER oH
(° C) (mg/L) (° C) (mg/L)
0 8:00
16:00 20.2 9.13 8.07 20.4 8.76 8.05
1 8:00 21.0 9.36 8.08 21.0 8.91 8.06
16:00 19.8 9.13 8.07 19.9 9.03 8.08
2 8:00 19.5 9.64 8.14 20.0 9.27 8.13
16:00 19.3 9.87 8.12 19.8 9.30 8.12
3 8:00 19.3 9.54 8.15 19.8 9.32 8.15
16:00 20.5 9.40 8.11 20.5 9.03 8.12
4 8:00 20.0 9.59 8.18 20.5 9.22 8.19
16:00 21.0 9.1 8.13 21.0 8.96 8.13
5 8:00 20.5 9.36 8.18 20.5 9.03 8.18
16:00 20.5 9.15 8.14 20.5 8.95 8.14
6 8:00 20.5 9.1 8.17 20.5 8.89 8.17
16:00 21.0 8.88 8.14 21.0 8.61 8.14
7 8:00 21.0 9.18 8.16 21.5 8.94 8.16
16:00 21.0 9.16 8.13 21.0 8.85 8.13
8 8:00 20.5 9.32 8.10 20.4 9.08 8.10
16:00 20.5 9.22 8.11 20.5 9.12 8.12
9 8:00 20.0 9.45 8.15 19.9 9.20 8.16
16:00 20.5 9.32 8.10 20.5 9.09 8.11
10 8:00 20.5 9.34 8.13 20.5 9.50 8.13
16:00 20.7 8.98 8.11 20.7 8.85 8.11
1" 8:00 20.0 9.16 8.19 20.0 9.04 8.20
16:00 20.5 9.17 8.17 20.5 8.94 8.17
12 8:00 20.5 8.98 8.17 20.5 8.82 8.17
16:00 21.0 8.89 8.10 21.0 8.73 8.11
13 8:00 20.5 9.19 8.15 20.3 8.93 8.15
16:00 20.5 9.12 8.09 20.5 8.86 8.10
14 8:00 20.0 9.22 8.13 20.0 9.03 8.14
16:00 20.5 9.04 8.09 20.7 8.81 8.09
15 8:00 20.8 9.24 8.10 20.5 8.84 8.10
16:00 20.3 8.92 8.06 20.3 8.79 8.07
16 8:00 20.3 9.39 8.06 20.5 9.00 8.07
16:00 20.3 8.84 8.06 20.5 8.88 8.06
17 8:00 20.3 9.31 8.05 20.5 9.15 8.06
16:00 20.3 9.52 8.04 20.5 9.20 8.06
18 8:00 20.0 9.52 8.08 20.3 9.31 8.09
16:00 20.0 9.14 8.06 20.5 9.11 8.04
19 8:00 19.5 9.56 8.14 19.5 9.27 8.14
16:00 20.0 9.34 8.09 20.0 9.11 8.11
20 8:00 20.0 9.64 8.17 20.0 8.99 8.17
16:00 20.0 9.47 8.12 20.0 9.21 8.13
21 8:00 19.5 9.05 8.18 19.8 9.34 8.18
16:00 20.0 8.73 8.16 20.0 9.21 8.16
92 8:00 20.0 9.67 8.21 20.5 9.18 8.19
16:00 20.5 9.33 8.18 20.0 9.13 8.19
93 8:00 20.5 9.30 8.24 20.5 9.18 8.21
16:00 20.5 9.13 8.16 20.5 9.00 8.17
24 8:00 20.5 9.05 8.14 20.5 8.95 8.13
16:00 20.0 9.06 8.10 20.0 8.95 8.1
25 8:00 20.0 9.06 8.11 20.0 8.96 8.11
16:00 20.0 9.15 8.10 20.0 9.03 8.11
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26 8:00 20.0 9.47 8.12 20.0 9.13 8.13
16:00 20.0 9.13 8.10 20.2 8.88 8.10
27 8:00 20.2 9.31 8.13 20.2 9.07 8.14
16:00 20.5 9.21 8.12 20.3 9.03 8.13
28 8:00 20.0 9.23 8.18 20.0 9.04 8.19
16:00 20.2 9.11 8.13 20.2 8.98 8.15
29 8:00 20.0 9.31 8.14 20.0 9.15 8.15
16:00 20.2 9.14 8.11 20.5 9.04 8.12
30 8:00 20.2 9.13 8.15 20.2 9.01 8.17
16:00 20.2 9.27 8.14 20.3 9.08 8.15
31 8:00 20.0 9.54 8.19 20.0 9.31 8.19
16:00 20.0 9.32 8.17 20.0 9.14 8.17
32 8:00 20.0 9.37 8.22 20.0 9.21 8.22
16:00 20.0 9.41 8.19 20.2 9.09 8.21
33 8:00 20.1 9.18 8.18 20.2 9.08 8.19
16:00 20.6 9.11 8.16 20.7 9.01 8.16
34 8:00 20.5 9.28 8.09 20.2 8.97 8.12
16:00 20.8 8.49 8.04 20.3 9.01 8.13
35 8:00 20.3 9.17 8.10 20.0 9.14 8.15
16:00 20.3 9.24 8.08 20.0 9.08 8.12
36 8:00 20.5 9.39 8.09 20.0 9.29 8.16
16:00 20.4 9.34 8.13 20.0 9.33 8.14
37 8:00 20.0 9.58 8.13 20.0 9.15 8.15
16:00 20.0 9.19 8.15 20.2 9.10 8.13
38 8:00 20.4 9.65 8.18 20.5 9.40 8.16
16:00 20.5 9.54 8.16 20.0 9.27 8.14
39 8:00 20.0 9.34 8.14 20.5 9.25 8.14
16:00 20.0 9.29 8.09 20.5 9.15 8.10
40 8:00 20.5 9.33. 8.14 20.5 9.30 8.14
16:00 20.0 9.23 8.08 20.0 9.20 8.10
41 8:00 20.2 9.30 8.16 20.2 9.31 8.15
16:00 20.3 9.23 8.11 20.3 9.18 8.12
42 8:00 20.1 9.43 8.13 20.0 9.24 8.13
16:00 20.2 9.35 8.16 20.0 9.16 8.16
43 8:00 20.3 9.34 8.15 20.3 9.27 8.17
16:00 20.2 9.24 8.08 20.5 9.21 8.13
44 8:00 20.2 9.28 8.06 20.0 9.24 8.15
16:00 20.5 9.25 8.08 20.7 9.20 8.13
45 8:00 20.1 9.43 8.10 20.2 9.34 8.16
16:00 20.1 9.34 8.12 20.3 9.28 8.17
46 8:00 20.0 9.33 8.08 20.1 9.36 8.15
16:00 20.0 9.27 8.07 20.0 9.24 8.12
47 8:00 20.2 9.31 8.13 20.1 9.35 8.16
16:00 20.2 9.24 8.11 20.1 9.23 8.12
43 8:00 20.1 9.37 8.15 20.1 9.28 8.17
16:00 20.2 9.24 8.12 20.2 9.22 8.13
49 8:00 20.3 9.35 8.11 20.4 9.37 8.20
16:00 20.2 9.22 8.13 20.3 9.33 8.15
50 8:00 20.2 9.30 8.10 20.3 9.24 8.22
16:00 20.2 9.17 8.14 20.3 9.15 8.17
51 8:00 20.2 9.34 8.11 20.2 9.35 8.21
16:00 20.2 9.31 8.15 20.3 9.32 8.19
52 8:00 20.2 9.38 8.17 20.4 9.41 8.25
16:00 20.1 9.32 8.13 20.2 9.35 8.21
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53 8:00 20.3 9.41 8.13 20.3 9.38 8.22
16:00 20.1 9.33 8.13 20.1 9.29 8.16
54 8:00 20.1 9.34 8.14 20.1 9.34 8.15
16:00 20.1 9.32 8.15 20.2 9.31 8.15
55 8:00 20.0 9.41 8.13 20.1 9.61 8.22
16:00 20.0 9.35 8.13 20.1 9.49 8.21
56 8:00 20.1 9.55 8.15 20.2 9.54 8.20
16:00 20.1 9.49 8.23
57 8:00 20.2 9.52 8.23
16:00
iy 20.2 9.27 8.13 20.3 9.14 8.15
EERE 0.3 0.20 0.04 0.3 0.19 0.04
25° C-1 25° C-2
. . 7 8 N = 7 8 N =
EKE%E %ﬂ H;_,.lel ok/m Iﬁﬁﬁ§$ oH ok/ml rﬁ'ﬁ@% oH
¢ ©) (mg/L) ° ©) (mg/L)
0 8:00
16:00 25.0 8.07 8.00 25.0 7.95 7.98
: 8:00 26.0 8.19 8.01 26.0 7.97 8.01
16:00 24.2 8.12 8.05 245 8.04 8.05
) 8:00 24.0 8.66 8.09 245 8.38 8.07
16:00 25.2 8.19 8.08 25.5 8.07 8.07
3 8:00 25.3 8.22 8.10 25.5 8.17 8.10
16:00 25.5 8.30 8.10 25.5 8.10 8.08
. 8:00 26.0 8.39 8.12 26.0 8.10 8.09
16:00 25.5 8.02 8.09 26.0 7.91 8.08
5 8:00 255 8.11 8.13 255 8.02 8.13
16:00 255 8.10 8.10 25.5 8.04 8.09
6 8:00 25.5 8.27 8.10 26.0 8.13 8.11
16:00 25.5 8.02 8.09 25.5 8.00 8.09
. 8:00 255 8.06 8.11 26.0 8.04 8.10
16:00 25.5 8.10 8.09 25.5 7.97 8.09
8 8:00 25.3 8.04 8.06 25.6 7.99 8.07
16:00 25.3 8.16 8.10 25.5 8.08 8.09
0 8:00 25.4 8.16 8.12 25.5 8.03 8.12
16:00 25.5 8.35 8.06 25.5 8.02 8.06
0 8:00 255 8.17 8.11 25.5 7.85 8.10
16:00 25.5 8.04 8.09 25.9 7.90 8.07
» 8:00 25.5 7.97 8.16 26.0 7.91 8.16
16:00 25.5 8.11 8.14 255 7.86 8.13
i 8:00 255 8.10 8.14 25.5 7.90 8.13
16:00 255 8.22 8.09 25.5 7.94 8.09
i 8:00 25.8 8.06 8.13 25.5 7.82 8.12
16:00 25.8 7.91 8.08 25.5 7.89 8.09
" 8:00 25.5 8.06 8.11 25.5 7.87 8.10
16:00 25.5 8.15 8.06 25.2 7.90 8.06
.5 8:00 25.3 7.90 8.07 25.1 7.83 8.07
16:00 255 7.94 8.07 25.5 7.74 8.07
" 8:00 25.5 8.18 8.05 25.5 7.94 8.04
16:00 25.5 8.05 8.03 255 7.88 8.03
. 8:00 255 8.37 8.05 255 8.06 8.04
16:00 26.0 8.16 8.06 26.0 7.92 8.05
18 8:00 26.0 8.24 8.09 26.0 8.05 8.07
16:00 26.0 8.16 8.08 26.0 8.12 8.07
19 8:00 25.5 8.44 8.13 25.5 8.22 8.14
16:00 25.5 8.24 8.11 25.5 8.09 8.10
20 8:00 255 8.36 8.14 25.5 8.07 8.14
16:00 25.0 8.23 8.12 255 8.01 8.13
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iy 8:00 25.5 8.38 8.15 25.8 8.12 8.15

16:00 255 8.28 8.14 26.0 8.10 8.14

9 8:00 25.5 8.48 8.17 26.0 8.15 8.17

16:00 25.5 8.50 8.13 26.0 8.18 8.15

93 8:00 255 8.40 8.18 26.0 8.19 8.18

16:00 26.0 8.23 8.17 26.0 8.10 8.16

2 8:00 25.8 8.35 8.13 25.8 8.28 8.13

16:00 25.5 8.68 8.13 255 8.27 8.12

95 8:00 25.5 8.75 8.13 25.8 8.32 8.13

16:00 25.5 8.39 8.13 26.0 8.36 8.13

2 8:00 25.7 8.59 8.14 26.0 8.43 8.14

16:00 25.5 8.50 8.12 25.6 8.31 8.12

97 8:00 25.8 8.97 8.14 26.0 8.45 8.15

16:00 25.6 8.54 8.14 25.8 8.44 8.14

28 8:00 25.5 8.50 8.19 25.8 8.42 8.19

16:00 255 8.81 8.16 25.8 8.47 8.16

2 8:00 25.5 8.53 8.17 25.8 8.48 8.17

16:00 25.8 8.57 8.15 25.8 8.50 8.15

20 8:00 25.5 8.77 8.18 25.6 8.58 8.18

16:00 25.0 8.62 8.18 25.8 8.57 8.17

» 8:00 25.2 8.72 8.21 25.7 8.66 8.21

16:00 25.6 8.85 8.19 25.8 8.66 8.19

39 8:00 25.2 8.69 8.23 25.8 8.61 8.22

16:00 25.3 8.64 8.22 25.8 8.58 8.22

23 8:00 25.5 8.65 8.20 25.8 8.61 8.20

16:00 25.2 8.53 8.18 25.5 8.53 8.18

2 8:00 25.2 8.73 8.14 25.7 8.67 8.14

16:00 25.3 8.63 8.10 25.8 8.61 8.10

35 8:00 25.5 8.69 8.14 25.8 8.66 8.15

16:00 25.1 8.64 8.13 25.2 8.61 8.12

26 8:00 25.3 8.72 8.14 25.8 8.71 8.14
16:00

Fy 25.5 8.35 8.12 25.7 8.19 8.12

BERE 0.3 0.27 0.05 0.3 0.27 0.05
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Table 4-S3. /Ki@HA! (20°C, 25°C) FHHE R MM GFRERICIS 1T 2 RERBHLEEE, K THEFO D
B F AT OREEE

HERFALAEF

&S 2R(mm) RBX&(mm) AR R(mm) RE ()

1 110.35 99.99 93.17 719
2 115.51 101.49 99.14 9.55
3 98.53 93.52 85.24 6.67
4 107.90 100.16 94.31 8.08
5 98.32 91.94 86.35 5.67
6 107.97 97.49 90.81 167
7 117.06 107.87 101.49 10.39
8 103.53 94.84 89.49 7.33

9 108.51 100.33 94.90 1.76
10 103.84 99.56 90.30 6.03
1 107.89 98.68 91.85 8.14
12 110.11 101.11 94.49 7.11
13 118.66  109.23  104.32 9.97
14 105.27 98.38 91.27 6.93
15 104.16 97.06 91.22 1.76
16 11195 10149 96.32 713
17 11273 10725  100.36 8.97
18 108.68 99.83 93.58 8.78
19 105.08 96.74 89.16 6.35
20 106.26 99.67 92.47 8.01
21 10439  101.40 95.84 8.59
22 95.33 90.14 83.35 462
23 103.32 96.00 89.89 6.39
24 101.21 93.95 88.33 7.09
25 11342  103.00 97.29 8.56
26 11413  107.78 99.43 9.68
27 104.83 96.28 90.78 6.92
28 110.01 107.51 101.60 9.80
29 104.10 95.89 88.91 7.25
30 109.75  102.23 93.40 1.27
31 101.45 95.60 86.66 6.44
32 112.64 106.40 96.96 9.64
33 11253  100.27 95.27 8.38
34 105.49 99.84 91.41 7.05
35 116.68  105.18 99.98 8.81
36 110.74  102.00 95.88 8.57
37 113.85  108.37 98.65 8.64
38 106.40 95.81 90.18 71.54
39 104.37  100.80 92.60 1.22
40 110.51 102.83 97.67 9.33
41 10842  104.04 96.67 8.93
42 106.85  100.95 92.49 7.55
43 104.68 97.74 89.98 6.90
44 11119 102.94 96.64 9.00
45 110.51 103.79 96.18 8.61
46 11643  108.81 100.94 8.19
47 106.64  100.91 94.46 1.78
48 104.70 97.06 88.82 6.89
49 115.51 106.30 99.77 9.36
50 105.58 98.19 92.89 8.10
49 108.16  100.57 93.86 7.89
RERE 5.15 458 467 1.21
BX 118.66  109.23  104.32 10.39
B 95.33 90.14 83.35 462
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BRI T B

20° C-1
ES £R(mm) BX&R(mm) AR (mm) Z316))
1 120.12 109.36 104.01 8.51
2 115.63 104.97 99.01 7.94
3 117.91 105.28 102.19 8.97
4 110.66 100.52 95.73 8.90
5 101.71 93.02 88.50 5.65
6 115.96 104.38 98.54 9.45
7 120.43 108.02 104.63 1112
8 109.10 100.81 95.88 8.01
9 113.16 104.08 99.58 10.44
10 119.36 108.96 103.92 12.22
11 112.83 102.96 98.10 8.29
12 113.07 97.64 94.80 717
13 108.78 98.52 93.65 7.85
14 113.83 102.45 99.15 8.69
15 110.19 100.60 96.65 8.25
16 109.98 100.26 95.82 7.81
17 121.33 110.32 105.33 12.24
18 111.19 100.82 96.01 9.75
19 111.91 102.26 9749 1.75
20 115.38 105.90 101.01 11.19
21 113.05 104.35 99.40 9.91
22 115.79 105.93 100.19 10.56
23 109.11 99.29 93.91 7.96
24 11415 104.94 100.80 539
25 115.95 106.50 100.99 10.22
26 110.10 100.57 95.73 7.05
27 120.37 110.27 103.54 9.98
28 119.62 109.11 104.87 8.78
29 118.99 107.73 102.34 9.32
30 117.14 107.26 102.07 9.41
T 114.23 103.90 99.13 8.96

REFEE 454 418 3.99 1.65
BX 121.33 110.32 105.33 12.24
B 101.71 93.02 88.50 539
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SERAR T By

20° C-2

&BS 2 K(mm) RBX&K(mm) AR (mm) AE(e)
1 113.66 104.31 99.26 10.20
2 112.90 102.67 98.12 8.13
3 113.92 105.35 99.79 11.51
4 116.88 107.34 101.83 9.63
5 109.88 99.97 9719 8.49
6 104.72 94.12 90.77 6.86
7 110.46 101.12 96.08 8.36
8 103.49 96.17 89.76 6.00
9 111.06 103.25 97.32 792
10 105.29 97.65 92.95 1.57
11 112.93 103.65 97.79 10.66
12 115.22 106.03 100.20 10.96
13 113.73 104.83 98.50 8.71
14 109.13 100.58 93.63 8.77
15 108.95 98.66 93.38 7.16
16 103.62 95.87 91.43 6.40
17 115.86 104.47 100.88 9.02
18 104.18 95.42 89.97 7.03
19 120.30 109.14 104.22 10.98
20 107.58 100.28 93.07 6.34
21 119.50 109.96 103.09 10.05
22 106.83 95.15 92.09 7.28
23 109.25 99.24 95.63 8.05
24 120.46 109.62 106.02 11.04
25 105.80 96.75 90.85 6.41
26 116.81 104.49 100.12 10.42
27 118.25 106.60 101.91 9.19
28 111.42 101.24 96.20 1.27
29 106.99 9742 94.02 792
30 110.75 100.63 95.28 8.61
1 111.33 101.73 96.71 8.56
REREE 5.09 455 444 1.60
BX 120.46 109.96 106.02 11.51
B 103.49 9412 89.76 6.00



BRI T B

25° C-1
ES £R(mm) BX&R(mm) AR (mm) Z316))
1 114.82 104.86 100.52 7.65
2 116.25 106.82 101.58 7.61
3 107.51 98.90 94.00 7.38
4 108.41 98.61 93.18 8.08
5 108.52 97.69 94.92 7.89
6 109.95 99.86 95.57 6.58
7 114.18 105.15 99.26 10.41
8 117.32 109.38 102.91 7.69
9 116.13 106.34 100.79 9.48
10 120.95 109.68 103.23 8.48
11 112.60 102.33 97.17 6.11
12 108.63 97.69 94.21 594
13 110.41 99.58 96.44 8.13
14 112.41 102.32 97.64 9.00
15 112.11 102.50 96.27 7.68
16 106.73 96.44 93.34 7.23
17 118.48 107.41 103.28 9.48
18 116.92 105.80 101.42 9.80
19 109.45 98.04 93.64 6.76
20 115.76 105.09 100.63 9.99
21 115.18 105.32 98.80 10.30
22 114.02 104.36 99.17 9.30
23 110.07 100.41 95.42 5.05
24 108.74 98.07 9418 8.36
25 119.05 107.50 103.72 11.80
26 113.94 104.30 98.72 9.57
27 11043 100.70 95.08 9.13
28 118.45 106.99 101.69 10.72
29 107.42 98.29 93.03 5.82
30 113.64 103.48 97.81 7.00
T 112.95 102.80 97.92 8.28

REFEE 3.97 3.88 3.45 1.62
BX 120.95 109.68 103.72 11.80
BN 106.73 96.44 93.03 5.05

80

SERAR T By

25° C-2

&BS 2 K(mm) RBX&K(mm) AR (mm) AE(e)
1 107.57 98.85 9434 6.56
2 112.32 102.13 98.11 7.88
3 113.97 106.22 100.82 9.05
4 116.39 106.34 101.48 9.65
5 114.34 103.94 98.95 1.57
6 116.45 107.00 100.58 11.64
7 114.10 105.67 99.47 746
8 118.61 107.88 104.14 9.34
9 120.09 109.03 104.80 8.23
10 118.25 106.89 102.66 8.81
11 120.35 109.03 103.82 9.48
12 118.32 107.14 103.72 8.20
13 116.55 105.52 100.61 9.05
14 99.39 91.05 86.64 6.18
15 107.62 9740 93.64 476
16 106.40 96.37 92.41 6.23
17 109.71 99.15 96.50 718
18 102.48 94.10 88.95 588
19 105.66 95.82 92.94 5.00
20 103.35 93.77 90.60 5.15
21 107.56 99.49 9438 5.50
22 106.04 98.54 92.37 6.10
23 127.08 115.91 111.53 13.19
24 116.40 105.79 100.89 8.76
25 114.71 106.06 99.92 8.41
26 108.90 98.60 93.42 5.75
27 120.43 109.49 102.96 7.70
28 106.30 98.33 95.04 5.80
29 119.53 107.92 102.53 9.82
30 112.78 103.73 97.56 8.44
1 112.72 102.91 98.19 7.76
REREE 6.53 5.79 5.51 1.98
BR 127.08 115.91 111.53 13.19
B 99.39 91.05 86.64 476



Table 4-S4. 7KiEH] (20°C, 25°C) GLERIMHIERER I I51T 2 RERBAAGEE, JELCHRFD I X 7

FA T OB E L

S ERBH IR B

&5 £ &K(mm) EXE(mm) WA R (mm) AE ()
1 110.35 99.99 93.17 7.19
2 11551  101.49 99.14 9.55
3 98,53 93.52 85.24 6.67
4 107.90  100.16 9431 8.08
5 98.32 91.94 86.35 567
6 107.97 97.49 90.81 7.67
7 11706  107.87  101.49 10.39
8 103.53 94.84 89.49 7.33
9 10851  100.33 94.90 7.76
10 103.84 99.56 90.30 6.03
11 107.89 98.68 91.85 8.14
12 11011 101.11 94.49 7.1
13 11866 10923  104.32 997
14 105.27 098.38 91.27 6.93
15 104.16 97.06 91.22 7.76
16 11195 10149 96.32 7.13
17 11273 10725  100.36 897
18 108.68 99.83 9358 8.78
19 105.08 96.74 89.16 6.35
20 106.26 99.67 9247 8.01
21 10439 10140 95.84 8.59
22 95.33 90.14 83.35 462
23 103.32 96.00 89.89 6.39
24 101.21 93.95 88.33 7.09
25 11342  103.00 97.29 8.56
26 11413  107.78 9943 9.68
27 104.83 96.28 90.78 6.92
28 11001 10751  101.60 9.80
29 104.10 95.89 88.91 7.25
30 109.75 10223 93.40 7.27
31 101.45 95.60 86.66 6.44
32 11264  106.40 96.96 9.64
33 11253 10027 9527 8.38
34 105.49 99.84 91.41 7.05
35 116.68  105.18 99.98 8.81
36 11074  102.00 95.88 857
37 11385  108.37 98.65 8.64
38 106.40 95.81 90.18 7.54
39 10437  100.80 92.60 7.22
40 11051 10283 97.67 9.33
41 10842  104.04 96.67 893
42 106.85  100.95 92.49 7.55
43 104.68 97.74 89.98 6.90
44 11119 102.94 96.64 9.00
45 11051  103.79 96.18 8.61
46 116.43  108.81 100.94 8.19
47 106.64  100.91 9446 7.78
48 104.70 97.06 88.82 6.89
49 11551  106.30 99.77 9.36
50 105.58 98.19 92.89 8.10
Ty 108.16 10057 93.86 7.89
ZERE 5.15 458 467 1.21
=K 11866 10923  104.32 10.39
=/ 95.33 90.14 83.35 4.62

81



i Am:c

20° C-1

w5 EBAN o) & Hlmm) BXEmm) BB Rmm) [

1 7 16:00 ND. N.D. N.D. N.D.
2 19 8:00 104.87 95.85 89.73 5.68
3 20 800 105.24 96.91 88.57 4.50
4 21 8:00 96.10 87.16 82.99 3.35
5 21 800 109.41 101.35 94.16 5.76
6 24 8:00 109.87 99.40 93.83 6.71
7 24 8:00 105.55 96.98 91.97 5.27
8 24 16:00 109.34 97.62 93.56 5.24
9 25 8:00 109.02 98.83 93.82 6.98
10 25 800 11448  109.04 99.17 5.79
1 25 800 11002  100.10 94.92 5.88
12 26 8:.00 104.50 95.09 90.55 543
13 26 16:00 11337  104.44 97.67 5.77
14 27 800 105.74 97.60 91.23 5.16
15 27 8:00 98.66 92.08 85.10 3.95
16 27 16:00 106.88 96.80 91.64 5.53
17 28 800 11078 104.12 96.99 6.30
18 28 8:00 99.48 92.22 86.51 3.93
19 28 800 109.98  101.22 95.76 5.34
20 28 16:00 11329  106.07 98.43 6.42
21 28 16:00 10436  100.77 90.15 493
22 28 16:00 11102 104.74 94.77 5.96
23 29 8:.00 108.88 99.82 94.21 5.88
24 29 800 11328 104.10 97.14 541
25 29 16:00 106.68 99.52 91.61 497
26 29 16:00 11074  103.87 96.14 5.57
27 30 800 11024  100.35 93.64 6.18
28 30 800 11254  102.90 97.15 6.09
29 30 16:00 12084 11254  105.62 7.86
30 30 16:00 11223  105.05 97.78 6.12
31 31 800 11594 10595 99.71 6.19
32 31 8:00 96.49 88.93 83.14 401
33 31 800 11537 105.70 99.58 5.95
34 31 800 11185 10287 96.01 5.64
35 31 16:00 11759 10486  100.82 5.88
36 32 8:00 100.25 92.13 84.63 5.06
37 32 16:00 11632 106,53  100.58 6.15
38 33 8:00 98.82 90.24 84.13 4.54
39 33 8:00 93.03 86.60 80.53 3.35
40 33 16:00 113.91 101.96 96.73 5.67
41 33 16:00 117.77  106.21 101.19 6.36
42 34 8:00 97.50 88.98 84.10 3.60
43 34 800 11225 101.46 95.68 5.70
44 34 800 105.83 96.70 92.58 448
45 34 16:00 11263  103.73 97.17 5.81
46 35 8:.00 100.37 92.19 86.33 3.99
47 35 8:.00 106.80 96.89 91.39 5.37
48 35 16:00 97.90 94.36 86.31 3.82
49 36 8:00 103.92 94.84 88.89 455
50 36 16:00 11085  102.33 96.53 5.76
51 37 8:.00 107.49 96.77 92.30 5.23
52 38 8:00 10848 98.36 93.68 5.19
53 38 800 ND. N.D. N.D. N.D.
54 39 8:00 104.86 97.32 90.31 5.37
55 39 8:00 99.60 9229 88.02 3.87
56 39 800 11223 103.27 97.23 5.87
57 40 8:00 108.26 98.45 93.23 5.76
58 40 16:00 105.37 97.56 92.87 543
59 40 16:00 107.73 96.32 91.90 5.12
60 41 8:00 98.38 91.34 85.31 403
61 41 800 11127 101.36 93.38 5.69
62 41 16:00 11329  105.27 97.32 5.88
63 41 16:00 109.78  101.88 95.12 5.65
64 42 8:00 97.42 88.52 86.37 3.66
65 42 8:00 103.75 94.59 89.34 4.76
66 42 16:00 102.37 93.26 88.23 458
67 42 16:00 107.87 98.12 92.45 5.12
68 43 800 11583  105.76 99.88 5.74
69 43 800 11242 104.29 99.28 5.64
70 44 16:00 ND. N.D. N.D. N.D.
n 44 16:00 ND. N.D. N.D. N.D.
72 45 8:00 106.29 97.23 93.98 5.31
73 45 8:00 95.29 87.32 81.31 347
74 46 8:00 108.27 98.99 93.08 544
75 46 8:00 107.91 97.43 94.32 5.42
76 46 16:00 106.45 96.21 93.21 5.45
77 47 8:00 10429 96.47 9143 4.78
78 47 800 11425 103.34 98.63 5.76
79 47 16:00 98.84 88.19 82.21 3.42
80 47 16:00 11443 10732 100.28 5.63

82

pqmi]
20° G-2

w5 BN Wl & H(mm) BXEmm) BB Rmm) [ )

1 13 8:00 N.D. N.D. N.D. N.D.

2 16 16:00 100.54 93.47 87.07 4.25
3 17 8:00 108.96 98.96 92.68 6.39
4 18 8:00 109.49 97.17 9147 547
5 18 16:00 98.68 89.97 83.42 348
6 18 16:00 105.86 95.64 89.79 412
7 20 8:00 109.28 99.60 91.55 5.95
8 20 16:00 11043  101.39 94.85 6.12
9 22 8:00 97.46 87.81 83.39 4.64
10 22 16:00 11428 10782  101.65 5.44
1 23 8:00 99.14 91,57 85.74 5.23
12 23 8:00 105.79 94.06 90.33 4.74
13 24 16:00 101.67 93.72 87.47 427
14 24 16:00 10944  100.77 93.13 5.54
15 25 8:00 10533 96.70 90.00 4.64
16 25 8:00 100.00 92.30 85.41 4.28
17 25 16:00 106.26 98.74 94.11 5.32
18 26 8:00 11145 10224 96.52 6.50
19 26 8:00 108.31 100.31 93.90 5.34
20 26 8:00 107.95 98.98 93.96 5.54
21 26 16:00 11855 10653  102.55 6.33
22 26 16:00 11397 103.28 99.83 5.50
23 27 8:00 101.39 91.73 87.70 5.65
24 27 8:00 103.34 93.13 87.24 4.70
25 28 8:00 103.10 98.93 88.90 5.08
26 28 8:00 11436  103.84 98.00 7.23
27 28 8:00 10630  101.83 92.86 4.77
28 28 16:00 104.64 97.59 90.11 4.80
29 29 8:00 103.78 95.25 89.46 4.32
30 29 8:00 100.45 91.68 86.13 4.09
31 29 8:00 11279  103.07 96.96 5.88
32 29 16:00 11487  107.60 97.97 6.27
33 29 16:00 107.97  100.26 95.49 6.87
34 30 16:00 11232  104.31 97.22 6.41
35 31 8:00 110.38  100.09 94.56 5.54
36 31 16:00 110.98  100.96 95.98 5.75
37 32 8:00 100.97 89.72 91.80 5.05
38 32 8:00 11202 101.60 95.77 703
39 32 16:00 11347  102.16 98.36 6.39
40 32 16:00 103.53 94.52 89.41 487
41 32 16:00 101.61 92.36 87.71 4.42
42 33 8:00 105.12 95.79 90.33 5.35
43 33 8:00 106.27  100.17 91.77 6.15
44 33 8:00 104.52 96.29 89.79 5.13
45 33 8:00 11488  107.30 99.13 6.04
46 33 8:00 109.74  100.73 94.78 5.63
47 34 8:00 11282 102.15 97.14 5.99
48 34 16:00 11636 10723  100.90 6.33
49 35 8:00 10843  100.07 93.45 5.25
50 36 8:00 100.99 90.78 85.80 5.09
51 36 8:00 11074  100.58 95.10 5.38
52 36 8:00 96.22 87.46 81.99 3.76
53 36 8:00 99.08 89.86 85.23 3.83
54 36 16:00 107.07 99.96 94.23 5.29
55 36 16:00 106.14  100.00 91.35 4N
56 37 8:00 11155  100.76 94.86 5.89
57 37 8:00 98.50 88.72 84.33 3.72
58 37 8:00 10455 92.89 88.47 412
59 37 8:00 11053 99.56 94.68 5.79
60 37 16:00 107.66 98.56 93.49 4.94
61 37 16:00 11120 101.68 96.08 5.55
62 37 16:00 101.29 91.42 87.15 4.59
63 37 16:00 11338  103.21 97.77 6.08
64 37 16:00 103.50 95.22 89.89 4.92
65 38 8:00 101.78 93.31 87.78 442
66 38 16:00 111.98  105.04 96.28 5.54
67 38 16:00 11099  101.29 96.27 5.55
68 39 8:00 108.23 99.23 94.26 5.12
69 39 16:00 109.28  100.27 95.26 5.22
70 40 8:00 11034  100.21 96.38 4.98
n 41 8:00 96.54 91.34 86.89 343
72 42 8:00 109.28 99.57 94.67 5.11
73 42 8:00 95.78 87.55 79.90 3.41
74 42 16:00 N.D. N.D. N.D. N.D.

75 42 16:00 10845  100.34 95.29 5.23
76 43 8:00 10743 99.53 95.23 5.36
77 43 8:00 11056  100.34 96.21 5.45
78 43 8:00 109.17 99.98 94.88 5.21
79 43 8:00 95.78 88.57 85.67 3.22
80 43 8:00 12222 11150 10521 793



8:00 104.67 95.45 91.27 4.33
800 11426 10735 101.26 5.63
16:00 109.79 99.76 94.87 5.54
16:00 106.75 97.12 94.45 478
800 11384 10445 98.26 5.57
16:00 11098  100.25 95.53 543
800 11345 10450 98.85 5.53
8:00 107.89 99.76 93.21 4.68
16:00 106.77 96.37 91.67 4.35
16:00 108.35 99.48 94.87 5.33
16:00 109.14  100.74 94.38 5.38
800 11295 10244 95.56 545
8:00 10948 98.21 93.21 454
800 110.77 10097 9343 5.32
Ty 107.94 99.05 93.18 5.26
BERE 5.80 5.46 5.12 0.85
&K 12084 11254  105.62 7.86
&/ 93.03 86.60 80.53 3.35

83

800 10829 9728 91.46 5.39
1600 10875  97.11 9364 5.34
1600 11143 10228 96.37 543

800 ND. ND. ND. ND.
800 10539  97.21 9367 526
1600 11127  99.79 93.89 547
1600 11058  99.27 9356 548
1600 10633 9674  92.88 533
800 11328 10468 98.34 555
1600 10737 9873 9345 545
1600 10835  99.28 9367 553
800 9737 9178 8576 3.21
800 9537 8945 8023 3.13
800 107.79 9925 9355 5.44
800 11009 10358 96.43 5.39
1600 10828  97.48 92.34 541
1600 9459 8554 8328 298
800 11038  103.26 95.45 5.38
800 11176 10333 9444 5.34
800 10729 9935 9302 5.33
1600 10853  97.29 9324 541
800 11117 10447 98.23 5.11
i 10710 98.15 9248 5.20
RERE 554 5.26 494 0.90
1O 12222 11150  105.21 793
=0 9459 8554  79.90 2.98




pAm:;

25° C-1

5 ERAN w2l £ K(mm) BXEmm) BB Rmm) [0

1 1 8:00 ND. N.D. N.D. N.D.

2 3 8:00 ND. N.D. N.D. N.D.

3 5 8:00 ND. N.D. N.D. N.D.

4 9 8:00 ND. N.D. N.D. N.D.

5 12 8:00 ND. N.D. N.D. N.D.

6 13 8:00 104.22 95.54 90.56 4.10
7 13 8:00 107.65 98.47 92.75 4.77
8 13 16:00 101.41 93.50 85.95 4.96
9 14 8:00 109.54  100.40 94.64 5.68
10 14 8:00 92.56 8457 80.32 2.85
1 14 8:00 103.72 94.43 89.28 5.01
12 16 8:00 109.91 100.45 95.44 6.10
13 16 8:00 10893  100.09 94.52 5.93
14 16 8:00 107.26 98.12 93.00 6.21
15 16 8:00 109.03 98.70 92.76 5.09
16 16 8:00 102.18 92.30 88.49 5.46
17 17 8:00 108.02 98.85 92.50 5.76
18 17 800 11429 10573  100.14 5.89
19 17 16:00 109.96  101.23 95.35 5.33
20 18 16:00 11065  100.96 94.15 5.88
21 18 16:00 11208  103.34 96.33 5.02
22 18 16:00 11140 10242 96.67 522
23 19 8:00 104.22 95.37 89.72 5.72
24 19 8:00 11266  100.88 93.75 5.07
25 19 8:00 107.01 96.03 89.19 5.79
26 19 8:00 101.89 93.07 86.66 4.39
27 19 16:00 106.55  100.38 91.36 4.65
28 19 16:00 106.08 97.75 92.93 6.10
29 20 8:00 102.01 94.76 87.88 4.69
30 20 8:00 10525 101.40 92.00 5.98
31 20 8:00 81.69 76.47 71.62 2.68
32 20 16:00 98.55 88.06 82.95 3.56
33 21 8:00 101.96 93.72 89.17 401
34 21 8:00 100.25 92.59 87.85 4.30
35 21 16:00 105.44 96.73 90.97 6.00
36 21 16:00 107.57 97.91 91.75 5.11
37 21 16:00 11420  105.58 98.50 5.07
38 22 8:00 106.83 97.54 93.09 4.79
39 22 16:00 104.77 95.32 90.20 4.09
40 22 16:00 11508  105.53 98.89 5.27
41 22 16:00 99.92 91.76 85.90 4.60
42 23 8:00 105.70 96.51 91.09 4.96
43 23 8:00 103.75 94.83 90.18 5.04
44 23 8:00 107.70 97.22 92.28 5.49
45 23 8:00 11231 102.77 96.21 5.84
46 23 8:00 104.36 93.31 89.26 4.46
47 23 8:00 109.71 100.09 94.30 4.42
48 23 8:00 104.69 96.98 92.44 4.36
49 23 8:00 101.29 91.72 88.46 3.60
50 23 8:00 106.57 97.10 91.28 471
51 23 8:00 11344 10259 98.05 5.03
52 23 16:00 103.09 93.23 88.46 3.85
53 24 8:00 10541 96.24 90.68 5.37
54 24 800 11234 105.06 96.35 6.01
55 24 8:00 108.73 99.04 93.25 5.28
56 24 8:00 10992  102.25 94.97 5.72
57 24 8:00 97.56 89.50 85.05 4.06
58 24 8:00 11068  104.11 95.32 6.25
59 25 8:00 104.68 96.44 91.89 5.02
60 25 8:00 99.31 89.35 84.65 3.51
61 25 16:00 99.87 90.66 86.43 3.07
62 25 16:00 11220 102.35 96.36 5.95
63 25 16:00 100.98 94.94 89.35 441
64 25 16:00 102.40 93.78 87.87 437
65 26 8:00 100.73 91.19 87.40 4.49
66 26 8:00 11829 10843  103.28 6.66
67 26 8:00 106.72 96.79 92.25 4.98
68 26 16:00 109.56 99.46 93.28 537
69 26 16:00 101.92 93.23 87.64 412
70 26 16:00 106.24 97.56 93.36 5.13
71 27 8:00 114.71 105.94  100.97 6.09
72 27 8:00 107.70 95.41 91.10 4.78
73 27 8:00 106.60 97.91 92.86 4.70
74 27 8:00 108.12  100.10 94.68 5.12
75 27 8:.00 11120 100.18 96.63 5.38
76 27 8:00 111.11 103.60 96.55 5.33
77 27 8:00 111.08 99.55 94.55 5.40
78 27 8:00 106.95 96.22 90.95 4.64
79 27 16:00 106.52 96.86 92.02 4.98
80 28 16:00 98.00 88.46 83.66 4.32
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P Am:
25° C-2

5 _BAN o) & K(mm) BXEmm)  BBEEEm G

1 3 8:00 ND. N.D. N.D. N.D.

2 5 8:00 ND. N.D. N.D. N.D.

3 10 16:00 ND. N.D. N.D. N.D.

4 14 8:00 11260  100.97 96.99 761
5 14 8:00 94.42 85.95 80.91 4.50
6 14 8:00 105.81 96.53 91.01 5.50
7 14 8:00 100.72 90.84 86.59 5.28
8 15 16:00 ND. N.D. N.D. N.D.

9 16 8:00 102.81 93.92 89.49 5.36
10 16 8:00 118.11 10740  102.62 6.86
1 16 16:00 104.76 96.03 90.88 5.65
12 16 16:00 108.84 99.48 93.70 6.81
13 17 8:00 106.63 97.48 90.87 5.57
14 17 8:00 11565  105.61 100.26 7.32
15 18 8:00 102.71 91.85 85.63 5.38
16 18 8:00 111.10 99.61 94.09 5.12
17 18 8:00 11548  105.53 98.35 742
18 18 8:00 99.59 92.76 85.89 4.98
19 18 8:00 102.98 95.88 89.80 3.90
20 18 8:00 98.51 93.99 84.80 3.86
21 18 8:00 11546 10845 98.58 752
22 18 16:00 109.82  102.06 94.13 6.37
23 18 16:00 101.04 90.35 86.30 3.40
24 19 8:00 10997 101.37 95.32 5.58
25 19 8:00 95.85 86.45 81.51 3.38
26 20 8:00 109.98 99.94 93.46 6.64
27 20 8:00 105.67 97.67 88.26 4.50
28 20 8:00 ND. N.D. N.D. N.D.

29 20 16:00 96.00 89.56 82.68 3.91
30 20 16:00 10946  100.07 94.22 6.22
31 20 16:00 103.63 94.69 88.49 4.15
32 20 16:00 11275  104.05 96.69 484
33 20 16:00 10947  100.36 94.78 6.13
34 21 8:00 102.36 94.46 88.90 433
35 21 8:00 11330 101.24 97.10 5.01
36 21 16:00 99.73 91.45 86.23 4.35
37 21 16:00 103.77 94.31 89.28 5.10
38 22 8:00 107.78 95.59 91.57 491
39 22 8:00 94.10 86.00 80.69 3.59
40 22 8:00 108.71 99.41 94.98 5.93
41 22 8:00 107.02 99.70 92.00 476
42 23 8:00 109.39 99.13 93.62 4.90
43 23 16:00 11116  100.59 95.46 6.51
44 23 16:00 111.51 101.34 96.86 5.31
45 24 8:00 108.39 98.39 92.66 5.65
46 24 8:00 105.36 97.71 90.80 4.66
47 24 8:00 107.22 97.26 90.75 5.53
48 24 8:00 107.31 97.86 92.66 4.89
49 24 8:00 100.54 94.22 87.18 457
50 24 8:00 109.32  100.51 94.80 5.14
51 24 16:00 11225 102.06 96.48 6.01
52 25 8:00 103.41 94.74 89.91 4.79
53 25 8:00 100.38 92.88 85.55 4.77
54 25 8:00 104.87 97.38 91.01 4.61
55 25 8:00 10605  100.64 92.17 4.86
56 25 8:00 111.71 103.61 96.99 5.61
57 25 16:00 105.42 96.95 91.14 6.08
58 25 16:00 104.53 95.90 90.03 4.63
59 26 8:00 11165 104.06 97.57 5.04
60 26 8:00 11067 101.83 96.36 5.50
61 26 8:00 106.70 97.47 93.23 5.07
62 26 8:00 109.65 99.19 96.16 6.46
63 27 8:00 108.15 97.83 93.84 4.49
64 27 8:00 109.61 99.15 94.43 497
65 27 8:00 105.77 94.90 90.60 4.96
66 27 8:00 100.46 92.77 86.00 3.1
67 27 8:00 99.38 89.89 86.33 3.99
68 27 8:00 105.09 97.53 91.98 5.06
69 27 8:00 107.11 96.46 91.67 4.68
70 27 8:00 97.39 87.95 81.24 3.15
n 27 8:00 108.19 97.69 91.95 4.61
72 27 16:00 11420 103.49 99.02 5.16
73 28 8:00 10343 96.98 89.41 4.04
74 28 16:00 103.74 94.95 89.06 5.08
75 29 8:00 11412  103.62 96.91 5.69
76 29 8:00 11348  103.60 99.07 707
77 29 8:00 11032 101.66 96.97 5.32
78 29 16:00 107.85 98.82 94.21 484
79 29 16:00 106.12 95.33 89.98 4.63
80 29 16:00 108.34 101.86 94.24 4.99



800 9841 89.86 84.34 434
8:00 100.90 92.86 86.79 4.11
8:00 106.80 98.03 9247 467
800 11292 10517 98.14 557
800 10998 10154 94.06 6.31
16:00 104.43 98.77 93.81 498
16:00 11443  106.88 97.68 551
16:00 9493 85.62 80.87 334
16:00 10583 95.65 90.24 516
16:00 101.64 9367 86.47 424
800 9486 86.90 81.80 295
800 11245 103.74 96.81 6.27
800 101.05 93.01 87.27 464
800 10848  100.32 95.09 448
800 10585 98.60 9240 448
16:00 107.48 96.83 9274 553
16:00 11225  103.60 96.02 5.85
800 105.36 96.86 91.99 457
800 11685 10712  101.15 573
800 10580 96.33 92.28 479
16:00 11992 10913  103.21 6.26
800 10502 97.87 92.11 469
800 102.56 92.90 88.01 416
800 11427  104.03 98.64 5.58
Ty 106.36 97.44 91.79 497
RERE 581 554 507 0.83
=A 11992  109.13  103.28 6.66
=N 81.69 76.47 71.62 268
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800 11360 103.26 97.59 5.79
800 9199 84.52 78.87 265
16:00 11456  108.90 98.74 5.82
800 11285 103.64 97.42 497
800 10996 10048 95.02 4.49
16:00 100.38 91.86 86.50 367
16:00 10848 99.28 93.66 566
800 107.21 98.63 93.00 498
800 11823 10911 10327 7.71
16:00 10968  100.39 95.01 545
16:00 105.03 95.02 91.09 552
800 111.70  103.74 97.93 5.33
800 105.99 97.96 92.27 499
16:00 103.63 93.78 89.27 437
800 11025  100.60 95.37 557
8:00  104.39 9545 89.20 487
Ty 106.87 97.87 92.08 517
RERE 5.46 512 5.00 1.00
=A 11823  109.11 10327 7.71
=N 91.99 84.52 78.87 265




FBSE MOBE—FPYBRRIZBTEIERBELUVERENEZIFAILD
gi¥ (GEfH) &L TOWREM

51 [FL®IC

INOR— AR BETHAT LRI ON & 7 F A UE, £ EEOEBEMERET
WEINT-LOEEHA LTS GEHED 1984) , 2 oR—ARH 0 i, HIRFTIZE
5 C— ek @3~5 /RO 2 7 FA U % ZETI3LRERED ATV ITHY A
Fr, BEPEARIC BT 1,400 #153, SIS B UWVTIE 140 M3 2 RRNICINAE T2 (Bk
A 2004) . T, BE T TFATOERENBMEAMICH D Z LG, RS 2 2
FA T VOGN ARLEIC /2D Z L NEL, D (BT 2~3 AR $35%245
BRNWZENTEOTEWREZ %, £, BRI 2 LERGOEEA T % 7 FA4 U L3R
BT LFENFAET D0, (G TR TENT- I Z 7 TFA U AL, TG
FRICTHE L CE b DERTE L TND, ZNLDAZ T FA UL TInnEDL
EIEEH, Bk A N Al ICERIE T S T EAERTRE (@12 [H/R) Lo T D,
O AR O RIE, AN I TH 2 EE L OKGT &8z
RSN END, DVWEDLOBZ I TFA T EREAL TG ~RIT HEET 2,
ZOXEIIE, DI DE¥ER X (AR &, SEEREAELATS 2257 (X
H), OB =RV 2B E T O EIL, 2 X PO RERE RS S TWD,

FEIT, AR TIINTNCH Z 7 FA T EAFEL, OB AR FEORE
CENFREL R D METT A &L, RO 3 SORBEEIT 72,

BRI, MR CTIRE LTV IR RSB L CAE LT IZ 7T AT
(AT, BEIGEEE VD ,) O3 A MR ZFEE L7z,

AR 2 TiX, B EKFEIC TR LIE I & 7 FA U B B FEIN A 15 TRl R e
ATV, OB RIS THBBER L CTEE LI X 7 F AT (LLT, HBHEEE &0
Do) DR MR ZEN LT,

8 6



B3 T, BB 1 L 2 CAERE Lo FERRTE A & FEARTE A A SRR ISR AT, i
PER T RRER & A A IR A T L 7=,

52 MEBIVAHE

HE 1 BRREHEERR

HEADZRE  HBUL 2014 LT 7[R, 2015 FFEEEC 7 (8], & 14 [R5 L7, SEhEiE
BT MRIE B & L, 3 < HIBHEER FHLA TR O SO/ E & iR 1 5 d
DT 28 (LAHEEIE, M1 b, B TARHm ) 438 oo 2 TR
Do) Ly ERBEM 439 N 1 EEREH L, L, W iR 75 mx /#8025
m, BAEIEH2~4mm (FHEK 2.5~4 mm, A2 mm) ZH L7, BT
TV, HAIXT W DO LED AT (k- ) MM Lic, NOT % 7 F4 U O
o (LT, v 7280 9,) &, 9m ASBEEEMEBRMNICIY (T 2 ENARAE
M HE9mx BE9mx ¥ES 6m, HE 160 £%) WITAT kA HWTHEE Lz, FHE%kiT,
TR (fF B TH/NFERIT R E) £ CRAMEHEM 439 o T, AEBMLHuE (0.23~
053 / v b)) [CCTHLTBEI S (Fig. 5-1), BEIFEEEL 180~3300 m O#iPH CTH
-7,

RBRUMPOREFESE ABRYE IR 2B, RAER 1T 5E T,
WELLEY T ADY A AB LU EEMICIFE 7R E L, EIZH U2 B (HIEML
FEEE RS Z AWM, BE0w 2 (IR SH) BLOwbL
Kift B (AIEAALEEHER A4 2/ H Lz, AT EEIIMEREOEREE L T
TR DZ Eonh, W1 A - e LTz, A A E TOfME B, 7~54
HEICTH -7,

BRASLUVHATREORE BB GG ke, 3BT (T Rpl2 R0 5
G 30 BLLEBRRIL, 2EBIOMREOHEERTo7-, £72, MERE (Y, &
OYUREE, WATERSEIRIE) OWEZ BB | Bl OMEE CTEME LT,

BRIRAMORE =X FoOREHICEM LZEBIZ, Ak, SEEAGE, Sk
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Bl L, BREDGESHEEAEFELTZRBETRL, 17749 1 BHT-VRER
B L7,

B2 RETHEERR

BAER HBUCHEH Lo, maREEBICTE LT 2 GRBR 1 THilk
L7cbDOO—F) ZiE BATE T2 EMREERE LCb 0%, SRSt LR E b
HE¥FrokE EAME (50 kL Ao 27 U—h) [ZEL, TO#%K3 » AMBlM
TR LT DOEMEH L, WMEHIEBEITY, HAESEE (BEU® S2: BIFALL
kA tt) & 2~3.5 kg/ HEIPH T, ARBBSICOE- &L Lz, SEKIRIE, B
SRR (19.2~28.9°C) & L, #UKFEIT4[EH/A & Lz, 2014 FEORBRTIL, 6 A
13 H~16 H % TIZERILIZ 4 H 5y D77 L2 K500 % [l F 26 AT O #BR/KAE (12 kL FJE FRP)
12, 2015 FEORBRTIX, 7 H 25 H~29 HORINENF & F oM 5 B30
KGN 2 RS AL LI B 2 N EFT A~ CE Ak L, 3Bkl (55 kL B =
YU — R WIUAE LT, BUAERUKE TRICIE, A5k L QW ol 2 3 L7z,
BEERE Ma/AEL, EEEEAREICSBINZINAT 2N TITo72, ZRINT,
NI LTz A0 D 3~4 R LT HIBIINE 21T o 72, BN REIN 2 I
L7238 HIZSE (0 B 2EAE Y, AT Z 1 B s, 20 HiE W 747 7 %,
22 Ak o~ —4%, 25 AL 0BG EE (& U Bl, B2: AEAALERIEHE
NEtIED) AL, WE 21T o7, FEKRIZERAKRE (222~28.2°C) & L7z,
BOUKEIT 03 B/ AN OHRAICHIT TNE, HBHEAIIE S EEsE L7z, 1 FHI1X 70
A, 2 4B I21X35~38 Al &F, AERIKZFHNT S & & bIZAERRLRD
7

PRIERE TRHEMAIT, FEEAELS Y HITRORGZ, 144 3 TmaERH BT B
HICERE S 72 8 m x 8 m x 8 m D L/NEIAETE 1 FLIZIUAEL, 93 RfiT-72, 2
FRIT, &0 HITFROHER Z m R BRI AMICRE S 72 S RIZIE L., £
D%, I H 0% B ANCIERAC T L, % H MICERE S 472 8 m x 8 m x 8 m ¥

EANEIAETE 2 BRI LTz, #REHIEE TV, BEAfFEN (B0 Cl, C2, S2,
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EPO : HiEFUALEBMR RS AEIE DY) 0.8~12.0kg/H D&EZE 2, FEICHETHEHET D
L BITHEAAR L, SEAKRIZARKIE (15.0~27.6°C) & L7z, HfH X T
OB L 60~67 A TH - 7=,

HRABLURTREDRTE BABMRICE, SERBHaRT X OVEIRBIARC,
mAEERFICBWTIE, SME6EY HIFReE THER, FRIBEAKRICE, HEIERTE
s, 22NV 7 LR oEES LOREOHE X IT> T, £7=, fid
BEREE (M, WO, WAMBRE) OWER, Bl M AERB Lo
B RIS O A R L7,

EWEIR FOME X FoRHICHER LZEBE, e, SeBukE, AEE,
LR & L=, MEBOAHEGHEAE LR THRL, 2 7F AUV 1 RBHIVR
B LT,

HER 3 EERRICE T AMNEATERERE H Y A HEER

#HEAR ERUERE) BROSEAHWERET 3 EIEM L, MO B — AR
DI LRI 7L PR L7, 1 RIH ORERIE, 2014 4 4 FIZRERIXE LT
25 8.6cm, {KHE 6.0 g OERIGEE 129 kg % & 5 R15 BB N OERIGATICBW T, %t
X E L T2E102em, (KE6.79g D RIRD X 7 F4 U 130 kg & ‘= I B HEHE (8]
%) ICTBWTHRAATE, RBREG I (R AL &L, MRNIcsT 5
BRI B IRE OO A FEIR I DR & 7 > A FPIRBUC OV THRA L7z, 2 [BIH OFBRIE, 2014
5 HIZA&R 10.8cm, {KHEH 13.2 g OFEMIELRE 128 kg 2 ZEKGATICEBWT, a2k
10.2cm, {KE 6.79 DKIKI X 7 F A U 130 kg % Ekn bk Hae vk (BH3) 12k W»
TR IA S, ARBRIBSIRM ORGSO & Lz, 3 [8lH O ERIE, 2015
5 HIZ2R 9.4cm, KE 4.4 g OFEFEGEE 130 kg & B EGATNCE VT, £7-4K 10.2
cm, {REE 6.79 DRI & 7 F A U 130 kg & HIRF IR B I A EE (B 1B\ T4
AT, BRI (FP9 6 S EvEE) & L7z,

SR (FHEERE) SR A W 723 1 B9 L, A3 s ARk & ARk

DOHLOE LTz, BRI, 20154 11 HIZ2K 9.0 cm, K 5.1 g OFELIEEE 158 kg %
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9 ARG 22 AR A T i B LS TR A A, SRR 1 Vb (R P 36 o B is) & L,
FRPNIC 3BT DB R O AR OER &, B AR ILIC OV TRAE Lz, 72k,
KPR IR D RINT & 7 FA T NE, #EFHIC KV EIAL DR R0 o 72,
MAFAERE (HHICCTHBEINTWDIIE 7 FA U VERTHYE, BENEL 2o
el ZAHAZEMTTINED, WK ESFREAST 13 L AT VIZ AN D L [FlR
(MR S WK 9 HEAD, TOH% ATV ) L= TN OFEER £ TED
WA Lo, fABERPNOBKRIL 500%/ME, KIRITHIGICR T KR GERRBRI
19.1~25.5°C, FHFABREY : 23.5~26.2°C) & L, ARIFMEMHE Lo, fREFEIE, A0
EMEZ LS BT X, mbEe L, INE%ZND 46 FREfRHEE £ TOM, 6
IKF, 12 IF, 18 RFOERHIFE TR OEETHOIED, KEDORE OKR, BABIER
B, WOMRIE, pH) MIE % FEhe L7,

AYAREHER B L — ¥ —OBIREA WV, I A ORBEERR L, —ERH
BEED LT DD FaRE & HIWT U 7o B3R BB A T2 L 7, sk 2 720 A Uk o B
T2 FHOTEE O TE 5 X 95D, ko mBRITE 5 MEIRORER T
AR A SN U7, SRR, TGO &, 7Y A O R X 0 KRIGET & BAUEHY -
TR DA IMEIZ OV CORGEE FEhii L7o, RINTEEE 25X & L, BkIGEHES &
OB FHTEH 4 SRR X & 3% Lo, ARG EFOMEEIL 3 [B], BIATEAEOMEEIT 1 B
L7,

53 #R

HER 1 BEGEHAERR S 0BG E COBERDIZOWNT, 2 FERICH
7o o THENE L7-RER 42 14 BIORER % Table 5-1 1R Lz, (S =87, s,
TG T & COBEIRE, BRlE, Bk oAERRILIC OV T 2014 £ & 2015 %
L7 25, Wb RERENA LN -T2,

W, A MEHREICHER U722 H % Table 5-2 12, B4l O HHifr & TOEERDL

DFfER % Table 5-3 (2R Lz, 2014 4FED 1HEIE & 7[HIH, 2015 FED 1 [HH OBH
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SHIIRNIC LD KRBT, BIHIGHRBRABA MRV B2 LE0ns, aX MR
FOBRAN LT, Fio, BAGEPITEEN IR L7 2014 £ 0> 2 B H OBAHFEL 3 [
H&, 2015 FED 4~ 5 [BIH OBG#ET 6 BIH S Tl L7z, 2hn kD, 14
H 13 887,714 R DERIH A5 77,800 R D ISP L, ALK 16.0%, 1 BHTZY
DA ME 237 HERoTl, 2 FRITRMAREOY A XN ETNS o7 2 &b,
B RS KRIBICEIN Uiz, £ OREE, 2,415,313 ROHIEN S 307,938 RO I
DL, AR 193%, 1 BHTZVDa X MI60MERoT,

B2 BMETFHAEESR BlAask, MEEAE, PRER, FAT-VICEIT4
PRI % Table 5-4 (278 L7z, £72, 2014 4F & 2015 2B 1T D EII R OHERE % Fig. 5-2
R Lz, PEIRIEMAFELE S 5 H~9 AECTOR], IZIXEBEAMRTEL, £/, WFL
b9 AL BHiz b ORIFEN R KRIT/R -7, RIS T 2RIV & Bl
DAEFRZIE, 2014 F1% 21,171 g, 76.3%, 2015 1% 20,384 g, 82.8% CTh -7z, Flm A
PETTIX, AFERE, fE HEIZEVWRH DL DD, 2014 4T 66.6%, 2015 4T 46.4
~577%& FWVERRE L Ip o T R AEERFC B T 2 E R OHER % Fig. 5-3 1IZR L
7o. 2014 £E & 2015 4R CI3, SFAM, SFHELAEOENENHD Z b, — I
32 Z IR TH 203, 2 F BRI FHEINOEH AR EATZT2 D DR D 7)o
2o HRBERMEIL, 2ESR 80 mm 225 E TOHME BEICEMmL, HAT
B3k & AR 1T 2014 457C 3,000 2 & 10.0%, 2015 413 2 [A]H 17 L 86,200 & & 28.7%,
56,000 2 & 18.7% T~ 1=,

RER3 EAEMICHTEMAAERRE H YA RWRER S aUGEE & BIRISEEA
WICRRBREE IR A £ & O TORT, IRPNICERIT 54 F83RIL Table 5-6 IR L2 L B0, #hK
JEEED 1 [B1H OFRERTIL, KIKVEEH 87.4%I%F L, FTHIGEE 73.0%D4EHKTH Y, K
SNIERE D AR RPN EMIFEEO A LRl o7, 2[EH & 3 [BIHORERTIL, RKATEEE
92.4%, 95.1%IZ%f L, FHIGEEDY 97.0%, 96.6%D Sk & 72 0 FBAIEEE D EFRFE N K

EEI DTN % Bl 7z, ZIEIEETOMER TiX, X & 72 KRG OFE LA )
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HORFEE S DR AR v o T, BTG R D AEFRRIT 75.9% ThH - 72,

WIZ, 1 A OFERIUZ DUV T Table 5-7~9 IZ/R L7 & B0, 1 [BIHORBR T
PRI TRIRTERE %, T OBECEBIERI AR L, 15 Lkg H72V OH > A
DO EELZFI Lo A, KIKIERL 7.38 kg, EIEART 1034kg L 72~ 7=, 2[EH D
AR T, P& PR OTEEFOFR 2 AR R RIRRICFER L2 & 2 A, RKIRTEEE 53.04
kg, FBHIGEE 9.96 kg & 72072, 3[EIH ORERTIL, BHEDOZ KW IO L LIEEED
FEH A R B\ AR Z B2 32 L= & 2 5, RIRIGET 23.86 kg, #AIEET 26.91
kg Lotz F£7o, BHEIGEEEMH Lz ORI OV TIE, Table 5-10 (2
AL LB R AFRT TRERE 35 2 ERHRR o 7o, BAGERZ A L72i%

fl 1kg BTV DI ADIERIERIT 11.02kg & 72 o7,

54 EE

AWFFETIX, NLHINCHZ 7 FA T HAEFEL, OB —ARED FEORE BEED
FRE & 72 B MR LT,

BRIGEEOAETIE, 1 BHZV O A MR 1HFRIZ23.THThHho7b D% 2 4-H
(2°6.0 3 T2 Z LAk L, RATHEED 1 B 72 Y O HLM 3~5 FIZiES1T %
TENTER, aA N YU OERERL, BRIE - HIATREORN, BRIEEE - HATEE
YA XD BT 6D, fEFHBENEL 2, MRS, ARRETZ2HRE=
A MIEFRT L2 LD, FHABNIERIHAZITO ZEDNEHEE 2D, FRFETOH—
DOBERNE, BHIE - BB - R ASHIFSE IC 2 2MICAEB BN TR & 258 O3Bl
Tho, EENTTDOAZ T F AU U (WEREE#MITTIE, LS, 22&2h &
MRS, ) IR TH Y (BIKD 2016), »~> FU U 7255072, RISl
PEENRNE D O LROFEELRORE LI 2KE L b, £io, MLy T
VX, BE T TFA T PNOHETE (A U Sardinops melanostictus 55) MRS > T
L2 EmEL, FERABDRERLS 2D EMPITITH Z 7 FA U LSNORFEOEIG DY

M B2 E01HD (BIRS 2017), 24U, WX I7FAUEDE~A T DTN
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Y RU UL, FIEREDNENZ ENERE L TEX LN, T AOHE LG
B 30T O T & DEELVRIDOWES, [ESLAFSEBH I IE NOKFERFSE - U AR
L7z 2020 ARSI D EWRHRE RIX, W& 7 FA T X EMER, ~A U 3y
IER ER LTS, BRI Z 7 FA U B AET HERITIE, Do —AR$0 RE
TIE~A VU BIEEEE LTERH SR TWD, E£72, 10em BEE TO/NIO~ A TV
ROlX, BETTFATERFRICEATE 5 LIREFITHBLTEBY, " R 7
RN~ A T & NLAET L2 HIEBABRRFT L TN R&E LEX D,

WA, BIIEEEDEETIL, 1 BHIZV DX RN 1ERIZ61THTH-12b D%,
2HEHITIXTIOMETIA N T THIEICHALIEL DD, RIKIEEED 1 BHT-D
DOHUM 3~5 [, 2WEH LHAN 12 FISIZRIE7Rho7c, ma A Mol En
KiZ, BRINENE L 5172 L DIFD, FRBERFHIIIT 2REED 720 iR
B LT e RHIT oD, FEAERICBIT 2AEEN 1FEH LD 2FF MK
T LAEHEBEIZ OV T, IWEIEOHE I ALV BEEU Lo E L SMuffanigsh,
EMEERB o T LESTL I ENFREREE X LN, FEBRFHZEIT DEEFED
7eBRHNE, MEAQHARFSEITE Z AMICAMAEN BN TR X 2T OI1ED, REAY (Th
71~ A Sphyraena pinguis Gunther,1874 %) HMMRALTZZ LIZ X DBHETH 5,

—77, BIERE O R EAPEIZITERINE Z M L85 2 ERMNERAIRTH D, #H
(2001) 1%, B2 7 FA U OEINHFITEROBEKLERZ 4 H22H 10 HETD 7
rATHY, BAKERFZIZS HIZFHED 2~3 AL THIERT D EHELTWD, £,
BH (1997) 1, BE 7 FAT U 2~3 FELBOFMmO P CEIMMNAELS, F—
MRS EAREIR 2 & e LTV D, AEIORERTIE 5~9 H ORI EINA e
=S, [Rl—EERPEEBIOEINEZ RS L TWENIARATH 5, SROBHAERE
FOHE AR PERFIZAE T U 72 KR I 3 B RE S R, BARKIR T COEBERETH
FRRADHINE 24T 5 Z LITHR AR o7z, EATD (2008) 13X, ARE, PESIOFIEIZITOL
A IO /KIR 2 & O BREREE &, BRSO R BE e & D MBI BRBE A 508 2 KA
FTEHMELTWD, WF 7T AU IIEINEKIE 18~20°C, Tl p L ESH KIE 20~

21°C ThY, F7-, BHINEZERIEL-DITITKED FRH L THRARY IRTZ LT
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BAaoORRAZRYSE, 1 BHY ORIREMSEL 2L b TE D LORENDH
5 (ORFS 2014), 2ofth, AHES (2014) 282, BlAERTIZE 2 2B ETEO
oy B & IVE DRRICOWTIIHEBN & 0, FGEEEREIORIUIEHEE TH D & OWME,
BIe (2019) 12X 5, KEERE HWTHZE LLIEORE 2 I8 S8 2 8l 246 5
Z & T, WIS OATREE KB BTS2 BRI TE D, RO OMAEETENL
BT FA T OEINCHE LT BREZTE 2 5 2 & DS AR i H i, AN OB
R DN A SRR AR IRENN T E OB IS, B RO AR Z W LS 57
DO 7272 LY A XD 2T ~T o U 7 HpkivL, BAETEEE O R EAPEILEDL
RSB X BND,

(ZHEAL, BIHTEEE DG NPEORGETIX, #Eiw D IR IV RIRTEER & bk
LTkt L L DRRTH o7z, M LEFHOAEERIT, 3 BIFEM L7 KRG L O
HICIRBWT 2 [ H & 3 B H ORBR TEAIEEEDIE S 23 E0ro 7o, 1 [BIH ORERTIX
FRIEEE D AEFERPMED -T2, ZHUI DO PME T L7zl OBRAZ|RRA L T2 &
WZED R T TNMCE DD TH o7, BIATEETOAFRFRIT RN EEN T &b g
X TERWES DD, AFRRNMOFER & g U TRWERIIEF B KRS @7 2 &
M—KEEZBND,

WIZ, T A OEVERO I O TR IR A ] L7-3 Bk A 3 RIS L, 1
B H & 3 B EIXBBIEEEDS, 2 BIEIXRANERE DB 2R R E o7, 1TEIB & 3 [
H OBBREEOMLBEMRITRIR - BB & b ICHM X OB N Th oo i T %
EEZ D, LinLenn, 2 [B1H BRI AW & ORI TR ARG A O 7R 4 #¢
TL, TROMBREGICBET, i (M LICRET DS OO - —RigC Ak
PARINWTEY RIEPRHIRTE S,) #RAL, REHRET LI L Loz bR
BROSERNL L7 o T, ZHIE A2 W /-3, KIRIX Cdb 2 KIRTEEE & FE A9A £ 72
MoTeZ EMBEERTE RN &, Wl & OFFT LT 1 BI720 OB 2R L 0 &F
MR EE LS OO, FIHIGET 1 kg 7= 0 Ofasl % 38 G AR & I X R4
NN THDHZENHA LT, £72, % L LU THEBEEEZ W2 FERRORBRIL, 2014

9 HITh LEBERIZ I D AFRLEGE &, B A E0 R LBGHE 2 1m0 0k
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— ARV R =+ B THIEMEL TEB Y, RIRIGEE & g L7 & 2 Aikfale L
EOFRERNBHFON TS OKFD 2015), S 512, BTG & BITEET O VBT
DNThH, OB ARV EEINEF T DRERICT v r—baFERLzL 25, TR
KL EDY I, TEBICOWTIERTEZR VY, TAIZEA TR D Ve vy, T
AZANTEIL AV A EFISEOND ), TRRIEENFIZADL ROIEHIZ D @l
bBEALLZW] 228, fFFHEoE R Z Ao TS (BIRS 2017),

INHDZ END, BAGEEE - FIHIGEHE, AFEREEZR EESEHZ 0N R
VIR Z DAV E S RO ZED, 2 A2 M TEE & 223 UE, ARLVEE
B, BTG TE DRSS H D, FT, RINEE L R B2k
WTHERET A 2 E BRERR TE TN D Z &0, REEEHICRET 20 L LTHAIC
FATZ 2D EEZLND,

5.5 SIFXXE

WH e BRI SRS - REPEOE - HEOR (1984) HOKERERME. R
MRS, F L. 20.

AL (2004) 7027 A LipnOBEIO RIS « b MIFE~, £/ 3de~. 52 =R
DR, aEL R, 215231,

BYE  NHERH - BRI - B g - ST - BERIEORRS - /NRDEZE (2016)
YRk 26 EEEMRTFOKPER AP FEMREE (Vg2 B8 « JUNJED ~ =k
WHEER) . [ESEAFZEBR R IE K PER O GE | v &% —BRSsiE & o & —. B, 97-122.

BYEW- « EHIERR - B EE— - R - DNHECRE - B T - BREURRS - /NRNE
A2 (2017) SRR 27 AREEMREKEEEIRBH I FREMEE (T2 R8y - JuiEL
~ =R ELOvEE) . ENCAFFERR I E K ER G o 2 — B o & —.
FEIE. 99-126.

a2 (2020) FEN X T FA U VKEREOGIREHM (2021) ESLHFIERRFEIEN

IKEERIETE « BB B /K PE G IR JE T K PER IR 78 o 7 —
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B2 (2020) FE~A U KRG (2021) ENZAFZERRFE 15 A K EERT
I« BB WA K E G R E DK PEG TRFZE o 2 —

IR (2001) X 7 F A U OGRS, HAKETFSFE 67(6). 1133-1134.

FHEFEK (1997) Bkt X ORA KIKIZB T 5 5 % 7 F 4 T 2 Engraulis
japonicus H.OFEJIARE. JL/KBFH . 61. 9-15.

SRR - AT - A Z « RTFE - T — - BHRE (2008) FFD H ARG
BB 20 2 7 FA U DR L FEIN. JKEMBFENIZE. 72(2). 101-106.
ARFHEN < LRSS « ERTI « REES - (RE—F (2014) VAL 24 FEVBREKPE
BEWBAF R EREF (EEN OB <K ESF - v >) . ESZAFER R s

NKEREMTEE o 7 —BAF AL 7 —. k. 32-39.

PR S - KA 18 AR - IR — T S W B - R0 - A5 ) (2014) fd
BrOBENBH 2 7 F AU OB & PEINE, (I RIE T 58 KPEHLN.
6(2). 139-146.

RYGEF » REESR » S L] - HREEE - FEEERED - AR AT - (REME (2019) KBS
HNXNVC K DENEMG Y AT LE2FM LmMEET IR T o027 FAU
OB KT THEIBROE, KESM. 121). 7-16.

AR« BIRSAW - TERRREE - STl - KEEER - (RE—F (2015) ¥Rk 25 4F
IR PEB TRBAR SR e (BIRIISTY « SO I8y < AKOEHEH - TS
e >) . ENIHFIERFEVE NKEERR S WFE | o # — BRI A & o & —. Bk, 25-38.
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Table 5-1. £Rffi & & BB iktk D A7

e BE g WE_ B2 B2 ¥n  BRS ans
> E1P/4 RasE ik R ] BiXRE SEFE S, (EELh)
1 2014/5/30 400kg 620m 824 0.24kt 131kg 67. 3%
2 2014/6/20 200kg 590m 605>  0.32kt 44kg 78. 0%
3 2014/7/18 200kg 700m 654  0.35kt 48kg 76. 0%
2014 4 2015/1/21 200kg 220m 245> 0.30kt 119kg 40. 5%
5 2015/2/24 100kg  1,080m 824  0.43kt 20kg 80. 0%
6  2015/3/3 150kg  2,920m 1784 0.53kt 39%eg 74. 0%
7 2015/3/17 400kg 3, 100m 1884  0.53kt 102kg 74. 5%
(= 1,650kg 9, 230m 6794 2. 70kt 503kg  490. 3%
3 236kg  1,319m 974 0.39%t 72kg 70. 0%
1 2015/4/24 400  3,000m 2154 0.45kt 80 80. 1%
2 2015/5/22 500 880m 684  0.42kt 184 63. 2%
3 2015/10/23 200 3,300m 2214 0.48kt 66 67. 2%
2015 4 2016/2/3 50 720m 954  0.25kt 23 54. 0%
5 2016/2/11 30 240m 254 0.31kt 10 66. 7%
6  2016/3/4 200 180m 255 0.23kt 67 66. 6%
7 2016/3/17 150 200m 205 0.3kt 61 59. 3%
(= 1,530kg  8,520m 6694  2.47kt 490kg  457.0%
15 219kg  1,217m 964>  0.3bkt 70kg 65. 3%
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Table 5-2. ZFpRIHEE 2 A FEHREICHEA Lo &

EE SBEX AmREE FAEE% AE SERE RESF LEEX L2/
(M) (H) (M) (F) (M) (B)

2 100,000 54 588,000 28,840 716,840 0 39,2

3 100,000 7 84,000 184,000 23,000
2014 4 100,000 31 357,000 2,524 459,524 21,600 21.3
5 100,000 7 84,000 2,100 186,100 25,700 1.2
6 100,000 18 196,000 3,090 299,090 7,500 39.9
= 500,000 117 1,309,000 36,554 1,845,554 77,800 23.7
15 100,000 23 261,800 9,139 369,111 15,560 23.7
2 108,000 42 498,960 47,277 654,237 81,438 8.0
2015 3 108,000 20 241,920 10,970 360,890 75,000 4.8
4,5,6 194,400 42 468,720 4,553 667,673 112,900 5.9
7 64,800 9 98,280 309 163,389 38,600 4.2
=X 475,200 113 1,307,880 63,109 1,846,189 307,938 6.0
Y15 118,800 28 326,970 15,777 461,547 76,985 6.0

MH26,H2TEE & b ICHAIE4E L 7,
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Table 5-3. £ 6 Hfi £ TOAFERI

FER

RiHE

REREE HEAEH HER

HERE SFERH RE4ERER

FE m@x (ke (&) () Mg @ (%)
25 400 0.7 571428 23,000 39.2 202 54 1.0
5 20 105 190476 21.600 21.3 313 30 1.3
s 5100 123 81,300 2570 7.2 2.03 7 316
6 150 337 44510 7.500 399 352 185 16.9
&5 850 ~ 887714 77,800 — ~ 109 —
¥ 2125 150 221,920  19.450 23.7  2.68  27.3 _ 16.0
500 0.44 1136364 81,438 5 187 1 7.2
200 0.28 714,285 75,000 48  0.72 21 105
2015 45,6 280 0.22~1.08 453, 553 112, 900 5.9 1.27 42 24.9
150 1.35 111,11 38, 600 4.2 2.08 9 34.7
&5t 1,130 - 2,415, 313 307, 938 - - 114 -
3.5 282.5 0.69 603, 828 76, 985 6 1.49 28.5 19.3

X2014FEEn1EIE7EIB. 2015FEE01EIEOIFHEDIETANICL 2 AERT. BiEEHEHARERA
ARYEBEZ LI ESED S, AR MHELYBRAL
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Table 5-4. Plfagpk, FEAEPE, TRIBRE AT — V2B 245K

FE BEREBN BEHLEE FREE K
2014/4/10 2014/6/16 2014/6/13 2014/8/23 2014/8/23 2014/11/23
VAR 68HM KT IVEaliss 28R BTE VAR 93HM BT
5,000 — 3818 45,000% — 30,0002 30,000  — 3,000%

HETRFK 76.3% EI%K 66.6% E5REK 10.0%
2015/5/7 2015/8/4 2015/7/25 Xi&1  2015/9/2 2015/9/2 2015/11/7
INERE 0B BT URA s 38HM T H INRK  67HME T
6,000 —  4,966F 646,6672  — 300,000 300,000 — 86,200
2015 IR 82.8% TR 46.4% TR 28.7%
2015/7/30 ki&2 2015/9/4 2015/9/4 2015/11/2
YRR 35HM T INERK  60HM #& Tk
519,6672  — 300,000 300,000 — 56,0002

HILE 57.7%

A5 18.7%

MH2OEE OB EE, HRIBMIIIKE, 24178 ICTEE
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Table 5-5. ZFHAILEE 2 A FEHREICHEA Lo/ &

RmiEE XEKE AHE  BEHE A it LEEH

ERE 12/M
N ::) G (M) G:)) (M) (B)

H26 15,000 741,387 355,000 739,613 1,851,000 3,000 617

H27 396,000 2,131,370 816,500 6,611,588 9,955,458 142,200 70
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Table 5-6. #t EEIEMIZIIT D02 7 F A4 U v DEFER

EEOEE  SBER Eﬁ%;ﬁﬁﬁi’@ﬁ%ﬁﬂ ETREK B KE DO oH BRE
AR H WX (%) °C) (mg/L) (%o)
KA 1 201444 A 87.4 19.1~23.5 4.3~6.6 8.056~8.24 30.9~32.5
KA 2 201445 A 92.4 22.0~24.4 4.1~58 8.15~8.26 32.1~32.4
KA 3 201545 A 95.1 20.8~25.5 3.1~5.5 - -
- 1 2015#11A8 - - - - -
X1 HEXIERAEEE
X2 -7 —XREL
EEOEE  SBER Eﬁﬁfﬁﬁiﬁﬁ%ﬁﬂ ERE BB KR DO oH BORE
AERF H AERX (%) 0 (mg/L) (%o)
=30 1 201444R 73.0 19.4~24.7 2.8~6.7 8.11~8.32 32.2~32.4
=30 2 2014454 97.0 22.0~24.4 35~54 8.15~824 31.5~32.4
S=309 3 2015454 96.6 21.0~255 3.7~6.0 - -
BB 1 20154118 75.9 23.5~26.2 2.2~3.7 - -
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Table 5-7. 717 A OEPERIL ERIEEE 1 [0 H)

EEED TS

AERE R ABRMUEBRTHT 1R BERT BERR FEREE HhVARES

AREH (537 1534 (7R (kg) (kg)
IR 1 201444 6:00 6:25 25 23 80
XFEE X 8:15 8:35 20 23 80
9:30 9:50 20 23 270
10:00  10:25 25 25 264
At 90 94 694
KAFHIkgH =Y DpES 1 7.38
OIS SERER Eiﬁ%%ﬁ;ﬁﬂ%ﬁﬂ BRERR BRERT BRERE FERE5E WVAFREE
BREH 1532 1532 (5FE) (kg) (kg)
&K 1 20144418 13:40  14:00 20 44 453
AEBX 14:10  14:40 30 44 457
At 50 88 910
EREELIkgH =Y DBES 1 10.34
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Table 5-8. 717 A DO EPERIL ERIEEE 2 [0 H)

SEEOEE  SEEX ABRAUERHE  BRER RERT BRERRE FERSE HhVABRES

AEREH 1532 1532 (5 FE) (kg) (kg)
KK 2 2014458 12:15 12:25 10 30 1340
xR X 12:25 12:45 20 40 1600
12:45 12:50 5 12 1500
12:50  13:05 15 30 1500
At 50 112 5940
KAFHIkgH =Y DpES 1 53.04
EEEOEE  SEEX Eiﬁ%%ﬁ;ﬁﬂ%,ﬁﬁ BRERR BRERT BRERE FEREE WVAFREE
AR H 1534 534 CalEi) (kg) (kg)
&K 2 2014458 4:15 4:45 30 30 40
HERX 7:15 7:30 15 20 20
7:50 8:10 20 20 176
9:00 9:30 30 30 590
9:40 9:55 15 12 290
&t 110 112 1116
BHGEELkgH =Y DRES 1 9.96
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Table 5-9. 717 A DO EPERIL ERIEEE 3 [0 H)

ABRMUERTH IR BERT BERR FEREE HhVAREES

e " SHREATT Vo
e e ey = By (D) (ko) (kg)
KA 3 201558 5:50 5:55 5 4 149
FHRX 6:00 6:05 5 15 689
9:00 9:15 15 21 826
9:15 9:40 25 21 514
14:27 14:57 30 14 0
15:50 16:05 15 42 614
&5t 95 117 2792
RAEE kgH7-Y DREE 1 23.86
N — gﬁ%ﬁf@ﬂ%ﬁﬁ BRERIL BERT BENBN EEE5E HYLRES
AEEH iS5 =34 (9 (kg) (kg)
=3 3 20155 A 6:15 6:40 25 25 866
HERX 8:25 9:00 35 38 2095
10:00 10:30 30 14 47
12:30 12:55 25 25 78
16:05 16:15 10 14 36
a5t 125 116 3122
BRCEEIkgHT- Y DREE 1 26.91
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Table 5-10. Y ORI GEHETEET)

HERBIREY s b R REGE FEEIREE hY T RES
SO SEEK AERIBRFE RS RERT BRERRE BERSE hYV A RES

AEREH iS5 53 (9f) (kg) (kg)

BB 1 2015118 6:27 7:12 45 70 877
AR 7:15 8:08 53 28 696

8:47 9:35 48 14 57

10:17 10:44 27 14 41

12:34 13:00 26 35 104
At 199 161 1775
HIEEFHLIkgH =Y DRES 1 11.02
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Fig. 5-1. 7 ADjfafE L A8 Oiigik
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FoE REBEE

KT 2 O T B IE, RIS DB DR EMIE 2 5 721 The <, BIRIZPI L
zaul—ThoiI o8B ARV EEDHER, +7/2bbAARDEHIULEZSED 720
BN Th D, 2072, ol — ARV EEOREUELZBIRL, A %2
FATNEREH T2 A MBI RIZOWTRE Lz,

ARETIE, TTHEICET HIEEOFET LS L TR TR LN RZZH L
TR L7 BT, ZRICH EFRENTE DIEEIZOWTELR L, RIZ, IHHH 2 7
FA T DNTAEFEIZOW TR TR OICEREZEN L TR LE BT, 22X M
WITEICOWTELE LT,

LUF T, ZHETOMAE AP THL IR s AR LU0k —ARE 0 i
IR L CE 2 EZ ORBRA e BT 5,

6.1 MEICHTZHEEHDHEESL X

92 BT, BE7FAT oM EFRBERHIIIKIEZ K MR L ThiEe 57,
REZRPRIRE 3030 B T2 DIRBEHNE D L% RO T, iy ECRRIIH 2 7 FA T
ZEAH TEDEBRITFOMANLETH Y, AHEO SRR & AAXFEE R MR
WA LTz, T OREE, 24 BEtE, 48 R 0 miRAPESEERBIEIRE X, Th
ZI28.5°C L 27.3°C Tholz, 7o, RFEPIESR LI DEAFIEFRIR L, 15~30°C
OFPAT 1.12~2.36 mg/L (BEHEFLFIE 13.9~35.1%) Th o7, LLEICL Y, 2SR
B CIFBIATD 15°C 105 5~10°C LT TAMZ ZRICHE TE 5 LW LN Lo
7z (/hH B 2018),

53 BT, IR OE RO E N EICB T A REHEERRET 5120,
HETFAVLDOT E=TMEL, IWARE L KB AR RIE TR LML
Too TORER, HE I F AU D24 KIS LN 48 R A BSEIEMRBE T £ =T HE

WHEIEE (95%(EHEIXM) 1%, 15°C T 0.770 (0.751-0.790) mg/L, 0.706 (0.661-0.750)
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mg/L, 25°C T 0.634 (0.466-0.802) mg/L, 0.450 (0.379-0.521) mg/L &I L7z, £7=
25°C TOEHKETE Tl, FEMEET =T RRERBEEIIEX L~ VETEAL,
IWAREEITARAFE L OO T T 2RISR A L, 12 B EIZEEF KD 1/3
KT AVUTFEAREET » =T RERIREZIIFFBIE L ~IVITHERF T 5 2 LN TE D
ZEBHBMER o7 (Odaetal 2021)

52 3L 3 WORBRITEGHSLM T T, »h ot RENE 2L boT
b5HTEMG, B4 FETIE, EIFEEETONMEAE 50 AR OKEESM:E T T 20°C &
25°C DKW THZ 7 FA T OB ATRE T o 2 2l 2 Fl L7z, TORER, 50
HEDARRITZ N %I LU 81% L2V, EEROEM TOARRI Y bEmWRiRE R -
7z (RA B 2012), F7z, 20°C, 25°C CTHUKMIVERERZ Il L7 & 25, JEERANE
HUMO 5 BEITENZ 23 HiZ 14 B & 720, B C OB 0O 58 1 2Kk
FIXEENNZ ERHA LIRS T,

IIH O R EZT, BREE L ¥ — T, fEKEE 5°C EH X, 20°C
THE I FA VT EEET DR E 2011 FL VAL WD, TOHE T,
15°C TOEBEREOAEFRE L X THRADRLWFERENRE LN TS CRA S 2013,
2014) . EEEMICIBW T, SEHEKOIETEREY o F =T BERREITIIR, T
fVME (0.011 mg/mL) & OHENRH D728 (ORFf2011), HKkFEEZ T L8E HIET
oL AR 27 & (UK 2022) 2H0 AD 2 & T, MBEKOHBIENZ 025 =
A NEHIHTEDAREEREZOND, ZOZEIZHONTYH, BHREFEE ¥ — Tk
TR, PABHIEER AL AT A% E0 AN EGER A 2018 AR LV BHAA L T\ D, &
DJ|ETIE, FMERKOT E=TRERRECHEITI-ELAT L2000, 20k, &
EMMETT2MLERANRZ Y, B¥ 7T AU NEMARE A=k 52 DIEICE
TIFEF LN L0, 33 HRIOMEERA T AT L2l AN EE (EHF KR
152~15.9°C) 12XV, 1 #iifET 12.3kL ORREVHE EHIBUI DI L7z L ST
% (RS 2020), i)y, fABE/KIEEZ 5°C ER SH72 20°C TOE T, Ril= <
N 1T 10 KL RITHE EQHIR TE 722 L2 s, HHRUFESORELZZ T ER L

TR EL 102 A (2022 -2 A A SEHlAMES) ZH L7254, FEM 6.5 i 25 L4
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#1663 HIRBEZHIN CX 2D LD THEETE 2, 2O X ) REARAEE L ¥ —
DFFERE DR R D, KPEEZE « FHEMELHEERE N T 25 [ 2 0D IfZEDE
MiFtEE] GEEP OB —ASEE T Ve b REE BRI A GENED»O
B—AHV~A LK) 12, FHAEKIEEZ 15°C 5 20°C ICAE LT 2 H0 LA FE
ELTHAESND R E, AAOERNIZEBNTELBEAL TV D,

ZOfth, FBE/KIEOFIRIZE Y €7V AIRITHRET 2 /REEN B3 5728, OTC O
TG EERT DI &R0, faiiik 30 oMITEFRARRENRICR T2 2 &1
HAILDOFEEZL O LERNH D, OB E > TEMMTHL I 7 TFA T O
WA BT 2 72021, MNEIBIRFICI T DR A MU E T 5 2 L P R EET
boHEEBEXLNT,

AN BV T, FEKIREZHERF CTE 2 L LOWmARRIIER S ATV H O
D, 500%/WFE ETHAKT DEEKRE, H2 B TRRLIEAZ I FA U L E2ZRTH
BCEDHIRETH D 25°C LLTICHERF T2 Z & 1F, BEHOBEKRBRHIIIA R Z &
MHLMNE RS TS, T, 53 FETIX, 25°C TOILKAEET 6 RefiILL EiXh ¥
I FA T T RIEE TE ROV, Witk TiEE I 2 7 FA U vz 4
FREANT ZENARETH D Z LB L (Odaetal 2021), ZNHDZ & LD,
TETTFAU L ORBAHIABEITEDRREL 2D 00, Witk HiEEHHT 5 2
EC, BEROEKERCHBRENARERY, BERBZEETEIHLOEEILN
%o [RIRFIZ, @KIRT DS EES 0> B IS £ COMBRITFE L2V hvZE i 7= B¢, i
G IR T D EON RV EE L 2 5,

62 FHEHAHRIFAOLOANILEE

5 ETH, HIREICRAATS S 2 2 F A U L ORIEMG &, TEIHS O B!
WASEND = L1 L B3R N AT B, REIEAIE, FIEAIO N T/ AR
BB Lk BICARET A L B B AR BN Ui, KT & bl L7

APE= A M, BETEEITITIZESE, BRI 10 fFLLEoa X b &le o727,
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B FECSGEO KRB SN, £, MEICBTAERELION Y A0
(ZDWTIE, RIRTHEE & Ll LR AL - BWIHIGEE & b ITH AN ENZ LA LT -
72

BRIEEIZ DWW T, &I W CTIERNIEEE S FEICETa X M2z 5 2 &
MNTEIbLOD, VT AOWBAERNA X 7 F AT O L RRICRLETH D,
7o, BIHRICEES T E CAETEEBET D BEOAKOBNMEOMR bk ST
WAHZ END, FRHBEIZBWNTIFH LW LTINS,

—77, BIETEAHIC IV TR, BIRER TS M 12 3B\ TITRARIEER & el LT 10
B EOaA NEER->TEY, BRICEDL ETILERELRICH D00, HAFE
U F OB O BTy Z & T, REKELETEDLRIALDRHDLEEZEZHND,
FHEEE O K BAFEICIL, BAERREICRIT 28I O ENNERAIR TH D, H
Z 7 FA U OEJIFFITEROEOKERIZ 4 AN 10 HETD T » A THY, &
KERFIIZ S BIZBFED 2~3 HETILRT 52 L (FH 2001) =°, WX 7 FA U
(TPEIRIMIANR <, F—MREARNEARPEIN 5 2 & (B 1997) » 6, REDIIZF
52 IR EEZ DD, £, BE, FEINOFRENICIE A ECKER &0
W BRAVBRBE & BIBR SO RIS B 70 & O A RIBRBE N B A KT T 2 & (RS 2008)
R0, FEINEFHR S DT 0ITIFKIRD B & TR KT Z & TR A [FIH
(KKTH 2014) &, 1 BHY OEIRAEMSEL Z LT, FLEoTROZHE
PRz PN CHEET AEPEAAT R D & B R D, [FRFIC, #FAH B (2014) OHEIZH D K 91,
BABRTICE 2 DEAEFRNE, SMEBOIFaOE & BRIl 25 & TV
¥ 2 BP0 (HIEIAEASA) BMEN TS L OFERSC, BIS (2019) OHEHFICH
D EOICKMEREHAND Z LT, WIELUBOI X 7 FA UL OREENMESE S
o EDTATIIE b B D, TNODHMEETENL, WZ T F AU OREINIIME L5
Bia 2 5 2 L NATREA MiRR B, AN OB X D IRR 2B < BRI 2R PRI T
OB, FREREOERRE M ESED-00WE R LA X0t %
FTRTY U T HRNE, BIEEOREAPFEIIEBAELEEZON5,

FBSETHIRARZ KD, BB 2 LGOI % 7 FA TV NARRET D
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FENTZNTWEE TWDLD, BUEDH Z 7 FA U v OERRNZEE, 5% b
AR EN AR T DI e THRIND, NLAEEICL D8R # 7 FA4 T 2 OEFERL
R BRI 0K EEIHIRICER T 5 2 &, 372b b, AL~ AR
DFEFEEEF D EPESL O RIRR N I T E L, 1\ RS OMBIEE(L L, 2ok —
KEID BEOREUEICHE T 52 LN TE 5,

6.3 SIFXER

/NHEFERH - AT - PEH B - 4R - EEHD - BRI (2018) fAE NICHIT S
27 FA D OEiRAKIRIE & AR SNERESR MM BT 2478, KPEEN
B 10851 5. 1-7.

Oda, K., Hashimoto, H., Teruya, K., Dan, S., Hamasaki,K. (2021) Ammonia tolerance of
Japanese anchovy Engraulis japonicus:Implications for cost reduction in a skipjack
pole-and-line fishery. Aquatic Animals. 2022, AA2021-1

AR < TLHERFE - Vex K2 - ERSFHT - RESER - (RE—F (2012) Fpk 22
R K PERTR B W EE (BRI  mEEN D8 < KFPEF - 130
WS >) . ISTATBUE NKFEMR G e o 2 —BRE v ¥ —. Hik. 46-73.

ARRHEN < TLHERFE - Ve x K22 « ARSFHT - REER - (RE—F (2013) Fpk 23
RS K E R IR B WS GEEED DRI <KOFEET - FEEEE>) . i
NATBUE NOKFER Gt v & —BAsHRA £ v % —. B, 30-31.

RN - TLRERE - ST - REER - IRE—F (2014) “Fhk 24 FEEVEIEKPE
EWBAFFEEREF (IR DBH<KFER « T >) . MSZATEE A K
PEMEIIIEE v 7 —BAFEIHE & —. BdlE. 32-39.

AREFEN - 1w RO - BHEE - KREER - (RE—F (2011) PRk 21 FEEHRE
IKPEEPRBAFE FEMEE (BRI : DD I8 <K - TaEiEE>) .
MNTATEBUE N K EERGIITEE 2 —BF A 2 —. Bk, 29-30.

IARFEA (2022) PHSHPEBR ACRE LAgE. FRAEOHIR & FREMERHE. #IHE PR X,
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559 BE 9 5. 11-17.

AR « EJRERGK - BRG] - e K222« SR — « /NIE - ERSFI « B #E
I REEERE (2020) SRR 30 4R EEHEIEKE B IRBATS 6 MmEE GRIEN DB
<KFPEH - PEEVESL >) . ESLFTEBR L AR FEITE - ZUB PR R A
2 —. Mk, 42-52.

IKPEZE < AR ME L HESERERE (2020) mIED DB —ARAE T B ¥ = 7 SR EE
BEFMTEH GEVED DB —ARHY v AL ). 154. 1-61.

IR (2001) X 7 F A U OGRS, HAKETFSRE 67(6). 1133-1134.

FmEFA (1997) Btk X ONEAKIKICK T 20 % 7 F A4 U Engraulis
Jjaponicus H.OFEIIAERE. Jb/kifFeRkss. 61. 9-15.

AP - AT - BRAREZ - AT - Filfe— - BOERE (2008) HF O B A
BORCs T D5 7 FA4 T O L FEIN. KFEWBEMZE. 72(2). 101-106.

PR S - KA 18 AR - IR — T S WL - RO - A5 ) (2014) A
EEOENR T & 7 FA U OFUTERL & FEIIRAE, (RIS RIE TR JKPEARN.
6(2). 139-146.

SRYGET- « KRFESR « & (L] - HREEAE - FRSERRE - FERRMAY - (REE (2019) K5
WXV K DENEBY AT LE2FM LmMEET IR T2 7 FAU

OB KT THEIBROE, KESM. 121). 7-16.
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C-3 )

B1E FR

BV AL, ARNCLE > TRL ZEDHRBRWEBEAEOOL SO TH Y, WESIE
DOEDIZ—ERKPIVBEDR D DH, TOMWIETIE, IEHE LTHEZ 7 F AU TDBMLER
ARTHY, i ETOREEEPHIETIRD SN TWD, ERTIE, B4 okilE
RLZE, PR OIE), BRI O &, TEEAE e Eik LW EIREE ) S AT 5
ZENBBE Lo TS, RiE, OB ARV EEICBT D2 A MG RO
OE2L LT, HEICHERARIPGEEE TH DA X 7 FA T ¥ ORI IRFERITIEIC
DN, EFENPIROMATMHERRZ LV ELDI D THD, H2EWTIX, X7
FA U O ERMAIRITE & ARSI R EZ, B3 ETIE, V27 FATTD7
VE=TNEE, 5 4 B TIE, 50 AMIChie HAEREE & BAGEEEE &, 55 5 =TI,
NLAE T TFA TV DAEELGINEELRIELTZ, £ LT, HEDOH 6 HTIX, it ki
BT 2 RRNENE T D LA RS LTRRE T ORL, Bk - B X 7 F
AU VDEFEIZOWTEI L, 4%kOEEKRH OREMEIZ OO TiEm LT,

F28 MABFTICEITEHE29FA4 0 0RBAKEMYE EKBHNEERRHIEIZRS
ERCY
HETFAT UL, POB—ARKEIVFEETHEIIFHEE LTEETH DL, AFEOMR
B RHZIIAKIR AR HERF L2210 IE 72 69, RERBRMRE DD 02720, R H|
WOTERRD HNTND, 2D, M ETREICHZ I FA TV EFHECTE 55
TEORANLETH D, £ 2T, AHEOESIRAARMME & AKEE ROV TRET L
oo Z O R, 24 W[, 48 BeH$2 O i IR BB (A BRI 1T, 28.5°C 36 L 1) 27.3°C
Tholz, iz, WX T FA UL LG HIEFIRFREIL, 15~30°C O
T 1.12~2.36 mg/L (BRHEAIFIE 13.9~35.1%) ThH-o7-, LLEIck v, #ERLTIX
BATD15°C 75 5~10°C BIF THZ IV FA VLB HBIIFETHZ ENAETH D,
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116



EWLEETHDHTEBWLMNIIRoT,
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BRAIZ 175~500%/ R DEIA TERBKEBK L, BE T FA U @R IRREICHERY
LTWo, K0>8RO WL T ELZRET 272012, 127 F
ATLDOT =TS, WERBE L KB EFCRETRELTIM L., 20
FER, WA T FA U D24 KR X048 BERHE A EEIEfREE 7 T = T R R
(95%1EHEIX[H]) 1%, 15°C T 0.770 (0.751-0.790) mg/L, 0.706 (0.661~0.750) mg/L,
25°C T 0.634 (0.466-0.802) mg/L, 0.450 (0.379-0.521) mg/L &} L7=, 25°C TOHE
HOKENE CIEIEMRREY v E =7 BERIREITBIE LNV ETEA L, AT
17 LoD B RN ZMBICHAE L, 12 BB X ICEHBE KD 13 Z#Hk+hid
FERRBET V= T REE R LB L SR T A Z N TE T, UL EORER
IZED, BB 2RBRICHEE ST # 7 F AU o OfE IR O K 2 K
TE 5 AREMED R ST,

BA4E FETICETR2H29F4720REABTHERICESV-EREHNATR
X
F2mEFIETHONIMAL, A SEBGEEF TOMETHY, 2tkn
REBISEZTFM LIZbDTH D, LD, 20°C & 25°C OKIRTELEfkZE TOM
MR 50 HRE OGRS T C, WX 7 FA TV ORBENRAIREL 7 2 & b
LHBTRBAZEM L7-L 25, 50 HEOAERRIZIN%E 81%E ol F12, 2
L3 ETEM LRBRIIOT IS BIGEERM T ozw, e oE TR K ICHSE
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I CORBRIFO T ERNFIITE FNRNZ ENRHL NI -7,

BSE ME—FHVEARIZBTI3BREIVEEHZ 7 F4 IO 08N (EE)
& LTOFEEME

T, HIERNCHEEAGAT I 2 7 F A T N EERE SN0 2 & T, IHEEIRE O &
JEOHIEDNEND Z EICL AT XA MR REL TS, TRHLEHETL2HMTY T A
M - AR LI ERBOERE &, N TAZERN « TG A2 PE U 7 R FETERAR OO 2 3@ ) O 5k
T, WETTFAUOEEIR L EIZBIT AR LT 5 BRY Tl % 52
M U7z, RIRTEER & bhiig U7- e = 2 ML, BAIEEHIXIZIERS & O RN S O
B, T ADWEBERNPRLE THY EHEICENTIHMLWEER bz, —77,
BIHIHENIL 10 (2L Lo ax hgb ool b0, MEHIEXSET L 2 & CEBM
T HochdeEZ N, 2, M EICBITDEREL LN Y T OFERIZ OV
T, RANTEHEE & e LA Rk « BIHIGEE & b ISR AN e n 2 E A LT o T2,

HoE KAEBE

BB ARSI M TIE, BUROEFKIE 15°C £V 5°C~10°C FiLS 5 2
LR, WKkEE T HiLs MEEmEERAY AT A2 HWEEEE2ITH 2 LT, BRELY
IR A RIEICHIR T & 2 /TREMEDR H0I2dH D Z E NI OMNIC R o T, i, i
MDD AV I T, FAKRFEYICEFEEKERAETICH L 7 FA UV EEE
THTEIIARAIEETH D Z EHB L7z, 25°C LU T OEK Z v 7= Wrise /K il
B OEMSe, BKIREEZRT ZIREEIRIC LD, WE T FA T ORELERT S
NoHbDOLEEZ BN, 51T, HALHIT ~F VI 361 2 I, #5H
BT FATEOEERMEART S Z LT, EESERFIC X D EIEE A XY
DD, MOB—AFY FEOREUERICHFEGT L ERHIGTE 5,
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AR A £ LD DITH TV, FORMFE R T OVEIRTE 2 H80 I THEARR N T
H L) CHIEER G o7, T ZICRIER DB AR T D, £z, AL OERICH
720 BEERR IS EB S TR GUERFDOA MVAS - Ja AT 77 A N,
BB L%, B ERHHEERICR & L LT 5,

Fro, FEFETICOB 2 C< LR A BRI T X, AFMTE Y B O XK 9 12D
<, BECIEEL L < ZTHREW 2 2 W o FURIE R P O PB4 FBHRIC L, Linb
HLZHR L R 5,

E 5T, HRUNE R R PR % WA C [RIRE N T e U 72 [ SZAFZEBR 38 15 A K
PEHRAFZE T\ E (LT & O ZHFMF5EE & 1%, & bIThE LAV RELZED TX T,
ZOBEMBY TLO DGR L ET 5,

AT, ESIFZEBISEIE NOKPERTTE - UM At v 2 — 0 FET 5, i
PEKPEBIRBRIE FE [RIEDOIHI<IOPFET - W > - V)2 3689 < LN JE
WD =R EL > | R KRR O —BR & L CHER L7, BRREE ¥
— R FATR I K OBEKESE - IRTEMALBRE O/ NIEAE A B IE, 2, M5
FEOHEY —F — 2B D TWIZERIZ, RBFEOHEEIZ i <G8 L TunziZnz,
7o, BEMAEY S F —RIFTROITHEE IR 2 THE, YEFEOEH
W Th DRI, AEANEEFEENGIL, x0T — & B LOME®R
RUEZTES L L bIT, AR TBR MR S Z2TE W, S 51T, /NERABLERT
BLTWDEIY AT DT N—TORMNHZ ) —&—, IREANELIZIE, G
FORFEREMFFICB L, W< BAFo TV a2 EIC SRR DEE LTV, =
DR EMED TLHBIEHH L S5,

AR EZEE & 7 — OFREERRRR, ekt St o HROFHEK
i, BE - BHEA X 7 TFA TV OAEFER LR ZED DIZHTY, K25
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THBREZII LD ETARMAED T 21, TAUUE, BIRHIEEER Y, BED
EOMRIR D T & o To, Eiz, ST OO/IMENEIER, ¥~ bk
AL O R LIE—KRIIE, HEHAD X 7 FA T 2 OFiidE - BRI EH ISV T ik
ffeL TV =EW e, E 51T, ARESMHEF O EBRKICIE, TE» OB —ARE D
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IKEBANTAF TSRS TSI CTEM LI & 7 T4 U O FERABRIX, [T 5O
BOWMANZEOVBITENTZbDTHD, FIC, A L Bl KERFR),
HE B (B KEERARMIZERT B LT &) MO W )7 LTI O 58RI A]
B Thole, £, YREEMETEDLE Th o EMAE L (Bl AKERIIFE
Ar BT B OV IERIE L (B KERATIF T T ) 2 I, 4R B
TEAER (B KPEERIII et T d) OME LMENC L v P ELED 5 2 &
INT&ETz, Eio, EMETEOLTR—K, HHETF-K, EBFHEK, HEKRZERK,
FEOGER, SR, ABEEER, EEAMK, FERNFRZIECO & 508

LR B AL, A ORI BNV IMF e R OB 7p ERAEBEEIC /e o 77,
Z IR LTS S,
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